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| ntroduction
Size of cdlls

Cells are so small that even a cluster of these cells from a mouse onlyeaddsuaricrons

50 microns

Although it is generally the case that biological cells tae small to be seen at all with the
unaided eye, there are exceptions as well as considerable inatige sizes of various cell
types.Eukaryoticcells are typically 10 times the size wbkaryoticcells (these cell types are
discussed in the next Chapter). Plant cells are on average $dhelargest cells, probably
because in many plant cells the interior is mostly a water filled vacuole.

So, you ask, what are the relative sizes of biological moleaurid cells? The following are all
approximations:

0.1 nm (nanometer) diameter of a hydrogen atom
0.8 nm Amino Acid

2 nm Diameter of a DNA Alpha helix

4 nm Globular Protein

6 nm microfilaments

10 nm thickness cell membranes

11 nm Ribosome

25 nm Microtubule

50 nm Nuclear pore
100 nm Large Virus
150-250 nm small bacteria such as Mycoplasma
200 nm Centriole
200 nm (200 to 500 nm) Lysosomes
200 nm (200 to 500 nm) Peroxisomes
400 nm giant virus Mimivirus

1 Aum (micrometer)

(1 - 10 Aum) the general sizes for Prokaryot es



1 Aum Diameter of human nerve cell process
2 Aum E.coli - a bacterium
3 Aum Mitochondrion
5 Aum length of chloroplast
6 Aum (3 - 10 micrometers) the Nucleus
9 Aum Human red blood cell
10 Aum
(10 - 30 Aum) Most Eukaryotic animal cells
(10 - 100 Apm) Most Eukaryotic plant cells
90 Apm small Amoeba
100 Apm Human Egg
up to 160 Aum Megakaryocyte
up to 500 Aum giant bacterium Thiomargarita
up to 800 Aum large Amoeba
1 mm (1 millimeter, 1/10th cm)
1 mm Diameter of the squid giant nerve cell

Some History of the development of understanding of the
Cell

The origin of the idea that living organisms are made of dell®ften traced back to
observations of thin slices of cork. In 1665 the bddicrographia: Some physiological
descriptions of minute bodies made by magnifying glasses was published bRobert HookeHe
wrote:

. .. I could exceedingly plainly perceive it to be all perfataad porous, much like a Honey-
comb, but that the pores of it were not regular. . . . these poresllgyr.c . were indeed the
first microscopical pores | ever saw, and perhaps, that weresegar for | had not met with
any Writer or Person, that had made any mention of them before this. . .

We now know that the "cells" Hooke observed were an indication of th@acestructure of
multi-cellular organisms. During the 1670s, Antony van Leeuwenhoek usgdscopes to
observesperm red blood cells and protozoa While many cells are about Ificronsin
diameter, some protozoa are visible to the naked eye, reaching ovdimieter in length.
Thus, while it is true that the small size of most cells niadéficult to develop the theory that
all living organisms are composed of cells, it was also diffitulrecognize that living cells
have certain functional components such asnthdeusand a surfacenembranethat allow
cells to exist as the basic functional components of all livigar@sms. In 1833 Robert Brown
published a report describing microscopic observations of plant oeliich he used first
used the term "cell nucleus™:




In the compressed cells of the epidermis the nucleus is in sponding degree flattened; but
in the internal tissue it is often nearly spherical, more ss femly adhering to one of the
walls, and projecting into the cavity of the cell.

Such observations of the microscopic cellular components of cells hakdesl it possible for
Schleiden and Schwann to proposed a cell theory specifying that edcleglts are key
structural and functional units in plants and animals (1832-1838). Howdnesr,did not
understand cell reproduction. About this time microscopists such aBelgegan botanist
Barthelemy C. Dumortier observed and reported the binary fissioteltdf. By 1879 the
zoologis Walther Flemming was using chemical staining ofetfixcells to allow clear
visualization ofchromosomesluring cell division.

During the 1890s, Ernest Overton, developed a theoryipaf membrane structure and
function, based largely on thesmotic properties of cells. Visualization of lipid bilayer
membranes at the surface of cells had to wait until the developmeetobn microscopy

Related reading

What limits cell sizes?
Prokaryotes - Limited by efficient metabolism
Animal Cells (Eukaryotic) - Limited by Surface Area to Volume ratio

Plant Cells (Eukaryotic) - Have large sizes due to large&aevacuole which is responsible for
their growth



What isa cdll?

Cells are the fundamental building blocks of life. Cells varyoronfindividual "single-cell”
organisms (bacteria) to "multi-cellular” structures (tissugans) and organisms (animals and
plants).

Cells are structural units that make up plants and animals;thése, are many single celled
organisms. What all living cells have in common is that theyrasdl ssacks' composed mostly
of water. The 'sacks' are made fromphemspholipid bilayemembrane. This membrane is semi-
permeable (allowing some things to pass in or out of the celevatocking others). There
exist other methods of transport across this membrane that we will geténto la

So what is in a cell? Cells are 90% fluid (called cytoplashith consists of free amino acids,
proteins, carbohydrates, fats, and numerous other molecules. Threndetinment (i.e., the
contents of the cytoplasm and the nucleus, as well as the w@Nihas packed) affect gene
expression/regulation, and thus are VERY important aspects of tariei Below are
approximations of other components (each component will be discussed in more détail later

Elements

59% Hydrogen (H)

24% Oxygen (O)

11% Carbon (C)

4% Nitrogen (N)

2% Others - Phosphorus (P), Sulphur (S), etc.
Molecules

50% protein

15% nucleic acid

15% carbohydrates

10% lipids

10% Other

Components of cytoplasm

Cytosol - contains mainly water and numerous molecules floating in llit-except the
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organelles.
Organelles (which also have membranes) in 'higher' eukaryote organisms:
Nucleus (in eukaryotes) - where genetic material (DNA) is located, RNA is tritvestc

Endoplasmic Reticulum (ER) - Important for protein synthesis. It is a transport network for
molecules destined for specific modifications and locations. There are two types

Rough ER - has ribosomes, and tends to be more in 'sheets'.
Smooth ER - Does not have ribosomes and tends to be more of a tubular network.

Ribosomes - half are on the Endoplasmic Reticulum, the other half aré ifréee cytosol, this
is where the RNA goes for translation into proteins.

Golgi Apparatus - important for glycosylation, secretion. The Golgi Apparatus is th&s" P
the cell. Here, proteins and other molecules are prepared for shipping outsideelf.

L ysosomes - Digestive sacks found only in animal cells; the main point of digestion.

Peroxisomes - Use oxygen to carry out catabolic reactions, in both plant and laniimahis
organelle, an enzyme called catalase is used to break down hygregxide into water and
oxygen gas.

Microtubules - made from tubulin, and make up centrioles,cilia,etc.
Cytoskeleton - Microtubules, actin and intermediate filaments.

Mitochondria - convert foods into usable energy. (ATP production) A mitochondrion does this
through aerobic respiration. They have 2 membranes, the inner memistapess differ
between different types of cells, but they form projection®daitistae. The mitochondrion is
about the size of a bacteria, and it carries its own genetic material and risosome

Vacuoles - More commonly associated with plants. Plants commonly have large vacuoles.
Organellesfound in plant cellsand not in animal cells:

Plastids - membrane bound organelles used in storage and food production. Thesalare s
to entire prokaryotic cells - for example, like mitochondria thegtain their own DNA and
self-replicate. They include:

Chloroplasts - convert light/food into usable energy. (ATP production)
L eucoplasts - store starch, proteins and lipids.
Chromoplasts - contain pigments. (E.g. providing colors to flowers)

Cell Wall - found in prokaryotic and plant cells; provides structural support and protection.

8



What isthe difference between elements?

The various elements that make up the cell are:
59% Hydrogen (H)

24% Oxygen (O)

11% Carbon (C)

4% Nitrogen (N)

2% Others - Phosphorus (P), Sulphur (S), etc.

The difference between these elements are their respedativécaweights, electrons, and in
general their chemical properties. A given element can only kavenany other atoms
attached. For instance carbon (C) has 4 electrons in its outeastheéhus can only bind to 4
atoms; Hydrogen only has 1 electron and thus can only bind to one aiherfat example
would be Methane which is GHOxygen only has 2 free electrons, and will sometimes form a
double bond with a single atom, which is an 'ester' in organic chgnfestd is typically
scented).

Methane  Water Methanol (Methyl Alcohol)

H
H |
| H H H-C-O-H
H-C-H \/ |
| 0 H
H

As for the organic molecules that make up a typical cell:

50% protein

15% nucleic acid

15% carbohydrates

10% lipids

10% Other

Here is a list of Elements, symbols, weights and biological roles.

HAHA



bome

Eleme Atomic : ,
nt m Weight Biological Role
bol
galmu Ca| 401 Bone; muscle contraction, second messenger
Carbon| C 12.0 Constituent (backbone) of organic molecules
Sglorl Cl | 355 Digestion and photosynthesis
Copper] Cu| 63.5 Part of Oxygefi@arrying pigment of mollusk blood.
gluorln F 19.0 For normal tooth enamel development
Sggro H 1.0 Part of water and all organic molecules
lodine | | 126.9 Part of thyroxine (a hormone)
Iron Fe | 55.8 Hemoglobin, oxygen caring pigment of many animals
Magne| M 243 Part of chlorophyll, the photosynthetic pigment; essential to ¢
sium g ' enzymes.
Manga| M 54.9 Essential to some enzyme actions.
nese n
lglrgtrog N 14.0 Constituent of all proteins and nucleic acids.
Oxyge o ) . .
n @] 16.0 Respiration; part of water; and in nearly all organic molecules.
Phospt P 31.0 High energy bond in ATP.
orus
Er?]tas& K 39.1 Generation of nerve impulses.
LS”(]aqlenl Se| 79.0 For the working of many enzymes.
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What isliving?

The topic "what is life?" has been one of many long discussionshanahswer may depend
upon your initial definitions.

Some definitions of life are:

The quality that distinguishes a vital and functional being fraroraliving or dead body
or purely chemical matter.

The state of a material complex or individual characterizethéycapacity to perform
certain functional activities including metabolism, growth, and reproduction.

The sequence of physical and mental experiences that make wgxistence of an
individual.

Under these definitions life may or may not include a virus thanly 'alive’ if it can insert its
genetic material into a living cell. To some, living systéhat react to the environment, grow,
improve, and reproduce are alive. A more liberal definition would inckade much, a
narrower one would not include all cells.

11



What isinteresting about cell biology?

What makesCell Biology particularly interesting is that there is so much that isfualby
understood. A cell is a complex system with thousands of moleculgpoc@nts working
together in a coordinated way to produce the the phenomenon wéfeallDuring the 20th
century these molecular components were identified (for exampéeHsman Genome
Projec), but research continues on the details of cellular processeshékeontrol ofcell
division and cell differentiation Disruption of the normal control of cell division can cause
abnormal cell behavior such as rapichor cellgrowth.

Cells have complex interactions with the surrounding environment. Whetlethe external
world of a single celled organism or the other cells of aioallialar organism, a complex web
of interactions is present. Study of the mechanisms by whichk @dpond appropriately to
their environments is a major part of cell biology research aeth siich studies involve what
is calledsignal transductianFor example, a hormone such iasulin interacting with the
surface of a cell can result in the altered behavior of hundreadsletular components inside
the cells. This sort of complex and finely tuned cell response &xi@nnal signal is required
for normal metabolism and to prevent metaboic disorderdifke 1l diabetes

Most of the cells of a multi-cellular organism have the sgereetic materiain every cell, yet,
there are over 208pes of cellsn the body that are different shapes, sizes and and carry out
very different functions. And ALL of these cells were developednfi (one) cell (zygotg.

The study of how the many cell types develop during embryonidajgwent Developmental
Biology) is a branch of Biology that is heavily dependent on the metlsodh @s microscopy)

of Cell Biology. Much of the control of cell differentiation istae level of the control of gene
transcription the control of whiclmRNAs are made. Muscle cells make muscle proteins and
nerve cells make brain proteins. Geneticists, molecular biologists cell biologists are
working to discover the details of how cells specialize to acasmpiundreds of functions
from musclecontraction tanemorystorage.

Summary

Complexity in:

inter-relations between cells

signal transduction pathways inside cells
control of cell death and cell reproduction
control of cell differentiation

control of cell metabolism.
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Types of cells
Prokaryotes

I

The structures of two prokaryotic cells. The bacterium (shown at the top) iseherotrophs,
organisms that eat other organisms. Cyanophyteswdotrophs, organisms that make their
food without eating other organisms.

Most of these prokaryotic cells are small, ranging from 1 toniddonswith a diameter no
greater than 1 micron. The major differences between Prokagyati€ukaryotic cells are that
prokaryotes do not have a nucleus as a distinct organelle andhavelyany membrane bound
organelles [mitochondria, chloroplasts, endoplasmic reticulum, golgi @pgaa cytoskeleton
of microtubules and microfilaments] (the only exception may be tefan discovered to
have vacuoles). Both types contain DNA as genetic material, hagerrounding cell
membrane, have ribosomes[70 s], accomplish similar functions, andesrediverse. For
instance, there are over 200 types of cells in the human body, thaireatly in size, shape,
and function.

Prokaryotes are cells without a distinct nucleus.They have genaterial but that material is
not enclosed within a membrane. Prokaryotes include bacteria and cy@sopfhe genetic
material is a single circular DNA strand and is locatedhiwithe cytoplasm. Recombination
happens through transfers of plasmids (short circles of DNApted from one bacterium to
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another). Prokaryoytes do not engulf solids, nor do they have centioteters. Prokaryotes
have a cell wall made up of peptidoglycan.

Bacteria

Bacteria are prokaryotic, unicellular organisms. Bacteriavarg small; so much so that 1
billion could fit on 1 square centimeter of space on the human gums, graanlof digested

food has 10 billion bacteria. Bacteria are the simplest livingrosgns. Previously they fell
under the Kingdom Moneran, but now they fall into two different Kingdofmshaebacteria

and Eubacteria. There are several differences between the two.

Archaebacteria have no peptidoglycan in their cellular wallsy @ls® have odd lipids in their
cell walls. Many are able to live in extreme places (Hezly Earth). There are 3 types of
Archaebacteria. The first type is Methanogen. These use Carbwrilaliand Hydrogen to
make Methane. They are found in sewage, cows, and swamps, and theyake motoixygen.
The second type is Extreme Halophile. These live in extresaty places (i.e.: the dead sea
and great salt lake). Finally, the third type is Thermoacidophileese prefer extremely hot,
acidic areas (i.e.: hot springs and volcanos).

Eubacteria have peptidoglycan in their cell walls, and they haweusal lipids. They have
three shapes: bacilli (hot dog shaped), cocci (ball shaped), anti ¢ppring shaped).
Eubacteria can also have prefixes before their names: stnegitcating chains of the shaped
bacteria, and straphylo, indicating clusters of the shaped l@acEarbacteria are tested in
labratories for Gram stains. Gram stains will determirantibiotics will work (Gram postive)
or if they will not (Gram Negative). There are four majqudy of Eubacteria: Cyanobacteria
(green bacteria that infest fertilizer polluted ponds and lakes naass produce algae),
Spirochetes (Gram negative bacteria on which antibiotics do not wér&n Positive (both
gram positive that are used to make yogurt, streptthroat is dhes#), and Proteobacteria (E-
coli). Bacteria also have special structures: Plasmidesédl $oop of DNA separate from the
nuclear region, which is used for creating genetic varietgriing into other organisms, and
by genetic engineers) and Endospores (hard coat created by bmmtegia in extreme
conditions--this is why canning jars must be boiled for a long time).

Reproduction is either through binary fusion (splitting of a celhwib variety in its genes) or
through several other forms that produce genetic variety: Tramafimn (taking DNA from
environment and incorparting it into themselves), Conjugation ("sexwhich cilia hook
together and the Plasmids exchange genes), and transductiomfégtithe bacteria and the
bacteria infects the virus with its Plasmid to move genes throughout the population)

Bacteria produce poisons that can cause sickness: exotoxins, whigiverr off by the Gram
positive bacteria, and endotoxins, which are given off by Gram negative basténey die.

14



Eukaryotes

0+

An animal Cell

Eukaryotes are cells with a distinct nucleus, a structure in which thetgematerial (DNA) is

contained, surrounded by a membrane much like the outer cell membuaaeydiic cells are
found in most algae, protozoa, all multicellular organisms (plantsaanaals) including

humans. The genetic material in the nucleus forms multiple chromesiaeare linear and
complexed with proteins that help the DNA 'pack’ and are involvedgulaion of gene

expression.

The cells of higher plants differ from animal cells in thatthave large vacuoles, a cell wall,
chloroplasts, and a lack of lysosomes, centrioles, pseudopods, and flagelta dnaihal cells
do not have the chloroplasts, and may or may not have cilia, pseudopodgelba,fldepending
on the type of cell.

15



Unique Properties of Plant Cedlls

Plant Cells have a number of important differences compared taathigial counterparts. The
major ones are the Chloroplasts, Cell walls and Vacuoles. Unlikealgells, plant cells do
not have centrioles.

Chloroplasts

The chloroplasts are an organelle similar to the mitochondria irthtegtare self reproducing
and the are energy factories of the cell. There most of th#dasties ends. Chloroplasts
capture light energy from the sun and convert it into ATP and sugdnisl way the cell can
support itself without food.

Structure of the Chloroplasts

Vacuoles

Plants often have large structures containing water surroundednbynarane in the centre of
their cells. These are vacuoles and act as a store of avatdbod (in seeds), a place to dump
wastes and a structural support for the cell to maintain tuvgben the plant loses water the
vacuoles quickly lose their water, and when plants have a lot of th&teracuoles fill up. In
mature plants there is usually one large vacuole in the centre of the cell.

Cdl walls

Plant cells are not flaccid like animal cells and have al rogill wall around them made of
fibrils of cellulose embedded in a matrix of several other kingsobfmers such as pectin and
lignin. The cellulose molecules are linear and provide the pesfegpe for intermolecular
hydrogen bonding to produce long, stiff fibrils. It is the cell vt is primarily responsible
for ensuring the cell does not burst in hypertonic surroundings.

Thiswiki isincomplete, you can help by expanding it

16



Parts of the cdll
M embranes

' 5IPlasma membrane bilayer

The phospholipicilayer which the cell membrane is an example of, is composedriug
cholesterol, phospholipids, glycolipids and proteins. Below is an exampla simple
phospholipid bilayer.

The smaller molecules shown between the phospholids is Cholesteadl télps to give

rigidity or stability to the membrane. The two main componengghogpholipids are shown in
these figures by blue circles representing the hydrophilic geagos and by long thin lines
representing the hydrophobic fatty acid tails.

Both the interior of the cell and the area surrounding the cetlade up of water or of an
agueous solution. Consequently, phospholipids orient themsleves with resiheciviater and
with each other so that the hydrophilic ("water lovinig") heamligs are grouped together and
face the water, and so that the hydrophobic ("water feariagg)ttirn away from the water and

17



toward each other. This self-organization of phospholipids results in ousta few easily
recognizable structures. Cell membranes are constructed of phphp&l bilayer as shown
above.

Smaller structures can also form, known as 'micelles' in wiieketis noinner layer of of
phospholipids with their head groups oriented towards an internal aqueaes lsiséead, the
interior of a micell is wholly hydrophobic, filled with the fatgid chains of the phospholipids
and any other hydrophobic molecule they enclose. Micelles areonagnhortant for the
understanding of cellular structure, but are useful for demonstrahe principles of
hydrophilicity and hydrophobicity, and for contrasting with lipid bilayers.

At least 10 different types of lipids can commonly be found inroelnbranes. Each type of
cell or organelle will have a differing percentage of eduid,l protein, and carbohydrate. The
main types of lipids are:

Cholesterol

Glycolipids

Phosphatidylcholine

Sphingomyelin
Phosphatidylethnolamine
Phosphatydilinositol
Phosphatidylserine
Phosphatidylglycerol
Diphosphatidylglycerol (Cardiolipin)

Phosphatidic acid

18



Phospholipids

Phospholipids are made up of a hydrophilic head and a hydrophobic tail. ddhgroeip has a
'special’ region that changes between various phospholipids. This haad \gill differ
between cell membranes [types of cells] or different condemgof specific ‘head groups'.
The fatty acid tails call also differ, but there is alwayge saturated and one unsaturated 'leg’ of

the tail.

.y CH2-N (CH2)3
Hydrophilic Head . (CH2)
CH2
Special region (')
P]'I.DSP]'IﬂiE 0=:i:|_0
|
0
1
CH2-CH-CH2
0 0
Fatty acid tail ¢=0 C=0
CH2 CH?
CH2 CH2
CH2 CH
1 o,
CH2 CH
I ™
CH2 C[;{Z
CH2 CH2
' "2
Hydrophobic Tail Ly N
T CH3

Iwiki/lmage:Phospholipids.prgiki/lmage:Phospholipids.png

Phospholipids are 2 fatty acids one saturated and one unsaturated (shinerdbuble bond)
that are linked to a glycerol.

Cholesterol

Cholesterol is a major component of cell membranes and servgsatian functions as well.
Cholesterol helps to 'pack’ phospholipids in the membranes, thus givingrigidigy to the

membranes. In colder conditions cholesterol also serves to keepuitigy fin the cell

membrane, by keeping space in between the phospholipids. Also cholsstees diverse
functions such as: it is converted to vitamin D (if irradiatedhwditra Violet light, modified to
form steroid hormones, and is modified to bile acids to digest fats.
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Semi-permeability and Osmosis

The membranes of cells are a fluid, they are semi-permeabiehh means some things can
pass through the membrane through osmosis or diffusion. The ratefusiahf will vary
depending on the its: size, polarity, charge and concentration on ttle ofsthe membrane
versus the concentration on the outside of the membrane. When sometbigrgneable it
means that something can spread throughout, like (The perfume isgb@grthe room.). Here
is a list of some molecules and how they relate to passinggthrthe membrane without
assistance, in other words, through osmosis:

Hydrophobic Molecules

O, - Oxygen

N> - Nitrogen

benzene

Small uncharged Polar M olecules
H,0O - Water

urea

glycerol

C0O; - Carbon Dioxide

L arge Uncharged Polar Molecules
Glucose

Sucrose

lons

H* - Hydrogen ion

Na" - Sodium ion

K" - Potassium ion

C&" - Calcium ion

20



CI" - Chloride ion

Various substances will pass through the membranes at varying rates thnmogisos

Proteins and channels

One role of proteins in cells is for transport of molecules/ioms or out of cells. Three
methods of doing this are through active, facilitated or passinspioat. Other roles are in cell
recognition, receptors, cell to cell communication. There is mdmgnation on membrane
proteins and other proteins in later sections.

Hydrophobicity

A very simplistic idea of what these characteristics are is:

Hydrophilic and hydrophobic are, respectively, the like and dislike. épydiic areas of a
phospholipid, or a protein are ‘'attracted' to water, and hydrophobic reiengpelled by
water.
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Organelles

Nucleus: contains genetic material or DNA in the form of chromatin.

Mitochondria: site responsible for cell's respiration. It syntlkestiATP through a protein called
ATP synthase. It has an external and an internal membrane. ntéreal membrane is
invaginated to maximize surface area to hold more ATP synthdassa double membrane an
outer membrane and a folded inner membrane.

Chloroplasts: found only in photosynthesizing cells (e.g., plants); site of photosgrititesigh
several photosystem proteins.

Ribosomes: responsible for protein synthesis, it is composed of two suthatito elongate an
aminoacid sequence.

Endoplasmic Reticulum: usually it is the structure to which ribosomes acbeatta

Golgi apparatus: attaches functional groups to different biomoletuldgect them to their
respective destinations.

Vacuole: stores water or cell wastes. Also helps plant cells retaisttheture.

Peroxisomes: performs a variety of metabolic processes and psduys®gen peroxide as a
by product. Uses the peroxase enzyme to break down this hydrogemeani& water and
oxygen.

For more info go tdittp://www.tvdsb.on.ca/westmin/science/sbi3al/Cells/cells.htm
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Genetic material

© N o 0 & w bdh R

Genetic material of Prokaryotes

Genetic material of Eukaryotes

Nucleus

Nuclear membrane

Nucleolus
Codons

RNA polymerase

Histones

Nucleus

In cell biology, the nucleus is an organelle, found in most eukaryots; edlich contains most
of the cell's genetic material. Nuclei have two primarycfioms: to control chemical reactions
within the cytoplasm and to store information needed for cellular division.

Nucleolus

The nucleolus is the only structure in the nucleus that is delecta a light microscope
without staining. It is the site of rRNA synthesis. (rRNA ibosomal RNA is an essential part
of ribosomes, the structures in the Cytoplasma where proteingnade from mRNA
templates.) The nucleolus contains many rDNA genes from whicliRN&A is made. The
human genome contains 10 chromosomes with arrays of rDNA genes @pves cof
chromosomes 13, 14, 15, 21 and 22) but not all of these arrays are ngcastaely used in
all cells.

(This section is incomplete)
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Energy supply (chloroplasts and
mitochondria)

Chloroplasts are the organelles that incorporate energy into stehalgemitochondria are the
ones that release the energy from the stores.

Glycolysis
Krebs cycle

Electron transport

Glycolysis

Glycolysis is the initial step in breaking down the food that aresame for energy. Glycolysis
can take two paths either fermentation or the grooming step.spiragon, the Glucose
molecules that have been formed from digestion are broken down inter@tyehyde-3-
Phosphate, taking in 2ATP molecules for energy, and giving out NADIE.Glyceraldehyde-
3-Phosphate molecule is converted into Pyruvate, giving out 4ATP maeaote NADH
molecules. The Pyruvate is converted into Acetyl coenzyme A, takimpenzyme A, and
releasing several compounds such as CO2 and NADH, but this i®fpdre next step in
respiration, called the Link Reaction.

Fermentation happens when the organism is in an anaerobic stateflaxygen, like during

periods of high physical activity or simply lack of air). ThegiGlycolysis molecule is taken
and split into 2 Pyruvic Acid molecules. In animals this Pyruvid &iturned into lactic acid,
this is why our muscles burn during work outs. In plants the Pyrusid i& broken down into

Ethyl Alcohol and CO2, where fermentation comes from.

If the organism has oxygen then the 2 Pyruvic acid(A 3 Carbon molesutgxed with CoA
and produces 2 Acetal CoA(A 2 Carbon molecule), 2NADH's, and 2CO2'sisTdig our net
gain for glycolysis/grooming step.

Krebscycle

The Krebs Cycle is also known as the Citric Acid Cycle or Tricarboxdid (TCA) cycle and
occurs within the Matrix of the Mitocondria.

Acetyl-Coenzyme A produced from the Link Reaction is synthesised @itwic Acid by the
action of citrate synthase and its combination wtkaloacetate. The citric acid, known as
Citratein its ionised form is then converted insocitrate by aconitase. This is then converted
to Alpha-K etoglutar ate by citrate dehydrogenase in an oxidative decarboxylation oeadti
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which one molecule of CO2 is given off and one molecule of NA®®xidised to NADH.
Another oxidative deecarboxylation converts the alpha-ketoglutar&actnyl Coenzyme A

with the addition of CoA-SH and again the loss of a CO2 and the madatiNAD+ is seen.
SuccinylCoA is then converted intBuccinate by the action of SuccinyCoA Synthetase, the
addition of water, the loss of CoA-SH and the substrate level phospimrydé one molecule

of ADP to ATP. Succinate is then convertedRomarate by Succinate Dehydrogenase, a
dehydrogenation reaction which results in the reduction of FARHFADH?2. Fumarate is, in
turn, hydrated by the addition of one water molecule by Fumanadgealte which is finally
converted back t@xaloacetate by Malate Dehydrogenase in a dehydrogenation reaction that
oxidises one NAD+ to NADH. The cycle can then begin again.

There are many products of, and substrates for the Krebs &yciastance, amino acids can
be metabolised to or catabolised froheetyl CoA, Alpha-Ketoglutarate, Succinyl CoA,
Malate and Oxaloacetate, depending which specific amino aci®yruvate can be re-
synthesised by Pyruvate carboxylase frOxaloacetate, which can either replenish the Krebs
Cycle or make glucose b@luconeogenesis. Citrate can be used for fatty acid (fat) or
cholesterol synthesiSuccinyl CoA can be used to make Haem for Red Blood Cells.

NADH and FADH2 are then used in tekectron transport chain in the inner mitochondrial
membrane.

Net gain for the Krebs Cycle: 2 Carbon Dioxide, 1 ATP, 3 NADH, and 1 FApad2nolecule
of Acetyl CoA

Electron transport

This stage involves using the NADH molecules produced previously, altmglectrons from
reduced electron carriers, to from molecules of ATP.

A significant part of all cells in the electron transport ohém plant cells, energy is used from
the sun to start chemical reactions which create ATP.
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Cell division
Cedll cycle

The normal cell cycle consists of 3 major stages. The filsttésphase, during which the cell
lives and grows larger. The second NBtosis, when the cell divides. The final one is
Cytokinesis, which is when the two daughter cells complete their separati

From Wikipedia

The cell cycle is the cycle of a biological cell, consisting of repeatéibtio cell division and

interphase (the growth phase).

Overview

A,

Schematic of the cell
The duration of mitosis in
been exaggerated in this diagram.

The cell cycle consists of

G; phase, the first growth phase

cycle.
relation
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S phase, during which the DNA is replicated, where S stands for the Synthesis of DNA.
G, phaseis the second growth phase, also the preparation phase for the

M phase or mitosisandcytokinesis the actuadlivision of the cell into two daughter cells

The cell cycle stops at several checkpoints and can only prdceedain conditions are met,
for example, if the cell has reached a certain diameter. Sefi®e such aseurons never
divide once they become locked iIGaPhase...........oooeeeiiiiiiiiiiii e v

Details of mitosis

Dramyatamivaos Arnamivaons i utadsimaoio
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Interphase
Schematic of interphase (brown) and mitosis (yellow).

Meiosis is a special type of cell division that is designed to producesgamLike normal cell
division, the cell will be double diploid and have a pair of each chromosome.

Meiosis consists of 2 cell divisions, and results in four cells.fifstedivision is when genetic
crossover occurs and the traits on the chromosomes are shufflecellheill perform a
normal prophase, then enter metaphase during which it begins thevermpdhien proceed
normally through anaphase and telophase.

The first division produces two normal diploid cells, however the psosasot complete. The
cell will prepare for another division and enter a second prophasengDthie second
metaphase, the chromosome pairs are separated so that eachl malivgel half the normal
genes. The cell division will continue thorough anaphase and telophasdjeandctei will
reassemble. The result of the divisions will be 4 haploid gamete cells.

From Wikipedia:

Crossover

Crossover is the process by which two chromosomes paired up during ggdpblameiosis
exchange a distal portion of their DNA. Crossover occurs when twomgdsomes, normally
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two homologous instances of the same chromosome, break and connebtdtheds ends. If
they break at the same locus, this merely results in an exelwdrgenes. This is the normal
way in which crossover occurs. If they break at different loci,rédselt is a duplication of
genes on one chromosome and a deletion on the other. If they break on apgesitef the
centromere, this results in one chromosome being lost during cell division.

Any pair of homologous chromosomes may be expected to crossloeer dr four times
during meiosis. This aids evolution by increasing independent assdrtand reducing the
genetic linkage between genes on the same chromosome.

Mitosis

Mitosis is the normal type of cell division. Before the celis divide, the chromosomes will
have duplicated and the cell will have twice the normal set of genes.

The first step of cell division iprophase, during which the nucleus dissolves and the
chromosomes begin migration to the midline of the cell. (Some bidkexgpooks insert a
phase called "prometaphase" at this point.)The second step, knowatagdase, occurs when

all the chromosomes are aligned in pairs along the midline otaheAs the cell enters
anaphase, the chromatids, which form the chromosomes, will separate and toktird
opposite poles of the cell. As the separated chromatids, now telm@dasomes, reach the
poles, the cell will entetrelophase and nuclei will start to reform. The process of mitosis ends
after the nuclei have reformed and the cell membrane beginsptyase the cell into two
daughter cells, duringytokinesis.

From Wikipedia:

In biology, Mitosis is the process of chromosome segregation andandolesion that follows
replication of the genetic material in eukaryotic cells. This gge@ssures that each daughter
nucleus receives a complete copy of the organism's genome. Ineak@siyotes mitosis is
accompanied with cell division or cytokinesis, but there are maogpéions, for instance
among the fungi. There is another process called meiosis, in Weadaughter nuclei receive
half the chromosomes of the parent, which is involved in gamete formatd other similar
processes.

Mitosis is divided into several stages, with the remaindehefcell's growth cycle considered
interphase. Properly speaking, a typical cell cycle involvesrigss of stages: G1, the first
growth phase; S, where the genetic material is duplicated; G2, thedsgowth phase; and M,
where the nucleus divides through mitosis. Mitosis is divided into psepl@ometaphase,
metaphase, anaphase, and telophase.

The whole procedure is very similar among most eukaryotes, withnoimor variations. As
prokaryotes lack a nucleus and only have a single chromosome witentronoere, they
cannot be properly said to undergo mitosis.
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Prophase

The genetic material (DNA), which normally exists in the fahthromatin condenses into a
highly ordered structure called a chromosome. Since the geratigciah has been duplicated,
there are two identical copies of each chromosome in the cealtiddechromosomes (called
sister chromosomes) are attached to each other at a DNA ntlgmnesent on every
chromosome called the centromere. When chromosomes are paired upaahdda each
individual chromosome in the pair is called a chromatid, while the wimate(confusingly) is
called a chromosome. Just to be even more confusing, when the cheosegarate, they are
no longer called chromatids, but are called chromosomes again. Tl tag&sis is to assure
that one copy of each sister chromatid - and only one copy -tgasch daughter cell after
cell division.

The other important piece of hardware in mitosis is the centndiegh serves as a sort of
anchor. During prophase, the two centrioles - which replicate indepindé mitosis - begin
recruiting microtubules (which may be thought of as cellular rapegoles) and forming a
mitotic spindle between them. By increasing the length of thi@dke (growing the
microtubules), the centrioles push apart to opposite ends of the deliswit should be noted
that many eukaryotes, for instance plants, lack centrioles althinegbasic process is still
similar.

Prometaphase

Some biology texts do not include this phase, considering it a parbtase. In this phase,
the nuclear membrane dissolves in some eukaryotes, reforminghagmitosis is complete.
This is called open mitosis, found in most multicellular forms. Marotists undergo closed
mitosis, in which the nuclear membrane persists throughout.

Now kinetochores begin to form at the centromeres. This is a corsplexure that may be
thought of as an 'eyelet’ for the microtubule 'rope' - it is th&clihg point by which
chromosomes may be secured. The kinetochore is an enormously comptexestthat is not
yet fully understood. Two kinetochores form on each chromosome - one for each chromatid.

When the spindle grows to sufficient length, the microtubules begnelgag for kinetochores
to attach to.

M etaphase

As microtubules find and attach to kinetochores, they begin to line tye middle of the cell.
Proper segragation requires that every kinetochore be attachedmicr@tubule before
separation begins. It is thought that unattached kinetochores corgrpkdless by generating
a signal - the mitotic spindle checkpoint - that tells the telivait before proceeding to
anaphase. There are many theories as to how this is accomplishedyfsgtvem involving the
generation of tension when both microtubules are attached to the kinetochore.

When chromosomes are bivalently attached - when both kinetochoreattacked to
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microtubules emanating from each centriole - they line up imitdle of the spindle, forming
what is called the metaphase plate. This does not occur in e\gagi$N - in some cases
chromosomes move back and forth between the centrioles randomly, oghtyrdining up
along the midline.

Anaphase

Anaphase is the stage of meiosis or mitosis when chromosomeateepat move to opposite
poles of the cell (opposite ends of the nuclear spindle). Centromerbsoien and chromatids
rip apart.

When every kinetochore is attached to a microtubule and the chromolsaveened up along
the middle of the spindle, the cell proceeds to anaphase. Thisdedlivito two phases. First,
the proteins that bind the sister chromatids together are clol@nirg them to separate. They
are pulled apart by the microtubules, towards the respectiveiotesitto which they are
attached. Next, the spindle axis elongates, driving the centriolesh@sdttof chromosomes to
which they are attached) apart to opposite ends of the cell. Thesgtages are sometimes
called 'early’ and 'late’ anaphase.

At the end of anaphase, the cell has succeeded in sepadsmigal copies of the genetic
material into two distinct populations.

Telophase

Now the nuclear membrane reforms around the genetic materighanchromosomes are
unfolded back into chromatin. This is often followed by cytokinesis @avege, where the
cellular membrane pinches off between the two newly separatel@i, to form two new
daughter cells.

Cytokinesis

Cytokinesis refers to the d of a eukaryotic cell. Cytokinesreiggdly follows the replication of
the cell's chromosomes, usually mitotically, but sometimes meioticalbgExor some special
cases, the amount of cytoplasm in each daughter cell is the saraeimal cells, the cell
membrane forms a cleavage furrow and pinches apart like a bdtoplant cells, a cell plate
forms, which becomes the new cell wall separating the dasghtarious patterns occur in
other groups.
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Genes
EXpression

Gene expression is the first stage of a process that dewbdéshe DNA holds in a cell. It is
the expression of a gene that gives rise to a protein.

How does gene expression occur ?

It starts of with transcription that gives rise to the middlamamely the RNA. The RNA relay
information from the chromosomal DNA to the cytoplasm where thehimay for protein
synthesis resides.

Translation occurs following transcription wherein the protein syrghmachinary gets into
action and uses its tools to read out the message that the RNATH@d$etails of this process
are indeed very complex and will probably be dealt with in an advanced writeup.

Trandation

The Translation Phase of Genetic Expression is divided into 2 Stepsscription and
Translation. During Transcription RNA Polymerase unzips the twis bélthe DNA where it
needs to transcript. Then free RNA bases Attach to the DNA bases with yheeRase starting
at the promoter and ending at the Termination signal. From thRNiAecan become mRNA,
rRNA, or tRNA. The mRNA is a ribbon like strand that takes the tiemdormation from the
nucleus of the cell to the ribosome. rRNA forms a globular ballatiaches to the rough E.R.
to help make ribosomes. finally the tRNA forms a hair shaped Ilgnose that reads the
genetic information to make proteins. Translation happens when mRINAlled through a
ribosome and tRNA reads the RNA bases on the mRNA to make aomsof 3 bases and
brings amino-acids to form the protein. This starts with the condon Altfends at UAG.
When done the protein forms the correct shape and does the taslcieatasl for. This brings
the genetic code from the nucleus, which it never leaves, toytbplasm of the cell where
proteins are produced to upkeep the body.
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License

GNU Free Documentation License

Version 1.2, November 2002

Copyright (C) 2000,2001,2002 Free Software Foundat ion, Inc.
51 Franklin St, Fifth Floor, Boston, MA 02110-1301 USA
Everyone is permitted to copy and distribute verbat im copies
of this license document, but changing it is not al lowed.

0. PREAMBLE

The purpose of this License is to make a manusthadek, or other functional and useful documeneéfrin the sense of freedom: to assure
everyone the effective freedom to copy and redbiste it, with or without modifying it, either commugally or noncommercially. Secondarily,
this License preserves for the author and publiaheay to get credit for their work, while not bgiconsidered responsible for modifications
made by others.

This License is a kind of "copyleft”, which mearmtt derivative works of the document must themselve free in the same sense. It
complements the GNU General Public License, whsch ¢opyleft license designed for free software.

We have designed this License in order to use itfanuals for free software, because free softweegls free documentation: a free program
should come with manuals providing the same freedtiat the software does. But this License is inotdd to software manuals; it can be
used for any textual work, regardless of subjedtenar whether it is published as a printed badk. recommend this License principally for
works whose purpose is instruction or reference.

1. APPLICABILITY AND DEFINITIONS

This License applies to any manual or other wankamy medium, that contains a notice placed bycthygyright holder saying it can be
distributed under the terms of this License. Suaiptice grants a world-wide, royalty-free licensalimited in duration, to use that work
under the conditions stated herein. The "Documdmigw, refers to any such manual or work. Any mendf the public is a licensee, and is
addressed as "you". You accept the license if ymy,cmodify or distribute the work in a way reqogipermission under copyright law.

A "Modified Version" of the Document means any war&ntaining the Document or a portion of it, eithempied verbatim, or with
modifications and/or translated into another langua

A "Secondary Section" is a nhamed appendix or atfnasiter section of the Document that deals exedigiwith the relationship of the

publishers or authors of the Document to the Docuim@verall subject (or to related matters) andtaios nothing that could fall directly

within that overall subject. (Thus, if the Documestin part a textbook of mathematics, a Secondsegtion may not explain any
mathematics.) The relationship could be a mattenistrical connection with the subject or withateld matters, or of legal, commercial,
philosophical, ethical or political position regarg them.

The "Invariant Sections" are certain Secondaryi8estwhose titles are designated, as being thobevafiant Sections, in the notice that says
that the Document is released under this Licerfsa.dection does not fit the above definition ot@mlary then it is not allowed to be
designated as Invariant. The Document may contia Invariant Sections. If the Document does netiidly any Invariant Sections then
there are none.

The "Cover Texts" are certain short passages ofthex are listed, as Front-Cover Texts or Back€Tahexts, in the notice that says that the
Document is released under this License. A Fronte€E@ext may be at most 5 words, and a Back-Coeat May be at most 25 words.

A "Transparent” copy of the Document means a macteéadable copy, represented in a format whoséftagion is available to the general
public, that is suitable for revising the documstnightforwardly with generic text editors or (fionages composed of pixels) generic paint
programs or (for drawings) some widely availablavdng editor, and that is suitable for input tottlxmatters or for automatic translation to
a variety of formats suitable for input to textrfatters. A copy made in an otherwise Transparénfdimat whose markup, or absence of
markup, has been arranged to thwart or discounalggegiuent modification by readers is not Transpafenimage format is not Transparent
if used for any substantial amount of text. A ctipgt is not "Transparent” is called "Opaque".

Examples of suitable formats for Transparent copieside plain ASCII without markup, Texinfo inpfdrmat, LaTeX input format, SGML
or XML using a publicly available DTD, and standaahforming simple HTML, PostScript or PDF designfied human modification.
Examples of transparent image formats include PXIG; and JPG. Opaque formats include proprietamné&s that can be read and edited
only by proprietary word processors, SGML or XMLt fehich the DTD and/or processing tools are notegelty available, and the machine-
generated HTML, PostScript or PDF produced by saare processors for output purposes only.

The "Title Page" means, for a printed book, thie fitage itself, plus such following pages as ardad to hold, legibly, the material this
License requires to appear in the title page. Farksvin formats which do not have any title pagsuch, "Title Page" means the text near the
most prominent appearance of the work’s title, guey the beginning of the body of the text.
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A section "Entitled XYZ" means a named subunit led Document whose title either is precisely XYZoomntains XYZ in parentheses
following text that translates XYZ in another laage. (Here XYZ stands for a specific section namentmaned below, such as
"Acknowledgements", "Dedications”, "Endorsements”;History".) To "Preserve the Title" of such aen when you modify the Document
means that it remains a section "Entitled XYZ" adam to this definition.

The Document may include Warranty Disclaimers niexhe notice which states that this License appliethe Document. These Warranty
Disclaimers are considered to be included by refaén this License, but only as regards disclagmimrranties: any other implication that
these Warranty Disclaimers may have is void anchisaaffect on the meaning of this License.

2. VERBATIM COPYING

You may copy and distribute the Document in any iomad either commercially or noncommercially, praatithat this License, the copyright
notices, and the license notice saying this Licexgaies to the Document are reproduced in allepnd that you add no other conditions
whatsoever to those of this License. You may nettashnical measures to obstruct or control théimgeor further copying of the copies you
make or distribute. However, you may accept comgms in exchange for copies. If you distributesge enough number of copies you must
also follow the conditions in section 3.

You may also lend copies, under the same condistaied above, and you may publicly display copies.
3. COPYING IN QUANTITY

If you publish printed copies (or copies in mediattcommonly have printed covers) of the Documeatbering more than 100, and the
Document's license notice requires Cover Texts, mosgt enclose the copies in covers that carryrlglead legibly, all these Cover Texts:
Front-Cover Texts on the front cover, and Back-Cdwexts on the back cover. Both covers must alearlt and legibly identify you as the
publisher of these copies. The front cover mustgmethe full title with all words of the title egjly prominent and visible. You may add other
material on the covers in addition. Copying wittaiges limited to the covers, as long as they pregée title of the Document and satisfy
these conditions, can be treated as verbatim cgpgiother respects.

If the required texts for either cover are too wolnous to fit legibly, you should put the first anksted (as many as fit reasonably) on the
actual cover, and continue the rest onto adjacageg

If you publish or distribute Opaque copies of thecBment numbering more than 100, you must eith@udie a machine-readable Transparent
copy along with each Opaque copy, or state in ¢t each Opaque copy a computer-network locatiom fndich the general network-using
public has access to download using public-standatdork protocols a complete Transparent copyef@ocument, free of added material.
If you use the latter option, you must take reabbnprudent steps, when you begin distribution gaQue copies in quantity, to ensure that
this Transparent copy will remain thus accessibiaa stated location until at least one year dfterlast time you distribute an Opague copy
(directly or through your agents or retailers)lwdttedition to the public.

It is requested, but not required, that you contiaetauthors of the Document well before redistittgiany large number of copies, to give
them a chance to provide you with an updated versighe Document.

4. MODIFICATIONS

You may copy and distribute a Modified Version leé tDocument under the conditions of sections 23aablove, provided that you release the
Modified Version under precisely this License, witte Modified Version filling the role of the Docemt, thus licensing distribution and
modification of the Modified Version to whoever passes a copy of it. In addition, you must do thigisgs in the Modified Version:

A. Use in the Title Page (and on the covers, if anyifle distinct from that of the Document, andnfréhose of previous versions (which
should, if there were any, be listed in the Histeegtion of the Document). You may use the sarteedt a previous version if the original
publisher of that version gives permission.

B. List on the Title Page, as authors, one or moregue or entities responsible for authorship ofrttegifications in the Modified Version,
together with at least five of the principal authof the Document (all of its principal authorsitifias fewer than five), unless they release you
from this requirement.

C. State on the Title page the name of the publishére Modified Version, as the publisher.

D. Preserve all the copyright notices of the Document

E. Add an appropriate copyright notice for your magdifions adjacent to the other copyright notices.

F. Include, immediately after the copyright noticadicense notice giving the public permission te ttee Modified Version under the terms
of this License, in the form shown in the Addendugtow.

G. Preserve in that license notice the full listdmfariant Sections and required Cover Texts givethé Document's license notice.
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H. Include an unaltered copy of this License.

|. Preserve the section Entitled "History", Presétsditle, and add to it an item stating at ledst title, year, new authors, and publisher of
the Modified Version as given on the Title Pagethére is no section Entitled "History" in the Datent, create one stating the title, year,
authors, and publisher of the Document as giveitsofitle Page, then add an item describing the it Version as stated in the previous
sentence.

J. Preserve the network location, if any, given ie flocument for public access to a Transparent obgiie Document, and likewise the
network locations given in the Document for pregmersions it was based on. These may be pladbe ifHistory" section. You may omit a
network location for a work that was publishedegtst four years before the Document itself, dnéf driginal publisher of the version it refers
to gives permission.

K. For any section Entitled "Acknowledgements" or didations”, Preserve the Title of the section, aneserve in the section all the
substance and tone of each of the contributor aletyements and/or dedications given therein.

L. Preserve all the Invariant Sections of the Documamaltered in their text and in their titles. S8@e numbers or the equivalent are not
considered part of the section titles.

M. Delete any section Entitled "Endorsements". Susbciion may not be included in the Modified Vensio
N. Do not retitle any existing section to be Entitt&hdorsements" or to conflict in title with anywhriant Section.
O. Preserve any Warranty Disclaimers.

If the Modified Version includes new front-mattexctions or appendices that qualify as Secondariid®scand contain no material copied
from the Document, you may at your option desigrsaee or all of these sections as invariant. Tahi® add their titles to the list of
Invariant Sections in the Modified Version's licemmtice. These titles must be distinct from armepsection titles.

You may add a section Entitled "Endorsements", iglex¥ it contains nothing but endorsements of yoadifled Version by various parties--
for example, statements of peer review or thatekehas been approved by an organization as therative definition of a standard.

You may add a passage of up to five words as atf@ower Text, and a passage of up to 25 wordsBeck-Cover Text, to the end of the list
of Cover Texts in the Modified Version. Only onespage of Front-Cover Text and one of Back-Covett Tieeey be added by (or through
arrangements made by) any one entity. If the Doctiraeady includes a cover text for the same gowesviously added by you or by
arrangement made by the same entity you are aotinigehalf of, you may not add another; but you mepface the old one, on explicit
permission from the previous publisher that adéiedold one.

The author(s) and publisher(s) of the Documentatdg this License give permission to use their eafior publicity for or to assert or imply
endorsement of any Modified Version.

5. COMBINING DOCUMENTS

You may combine the Document with other documeelisased under this License, under the terms definedction 4 above for modified
versions, provided that you include in the comberatll of the Invariant Sections of all of theginal documents, unmodified, and list them
all as Invariant Sections of your combined worlitsgrlicense notice, and that you preserve all théarranty Disclaimers.

The combined work need only contain one copy of thtense, and multiple identical Invariant Sectionay be replaced with a single copy.

If there are multiple Invariant Sections with tleere name but different contents, make the titleash such section unique by adding at the
end of it, in parentheses, the name of the origiahor or publisher of that section if known, déseea uniqgue number. Make the same
adjustment to the section titles in the list ofdrant Sections in the license notice of the comdiwork.

In the combination, you must combine any sectionstlEd "History" in the various original document®rming one section Entitled
"History"; likewise combine any sections Entitleicknowledgements”, and any sections Entitled "Datiinis”. You must delete all sections
Entitled "Endorsements."

6. COLLECTIONSOF DOCUMENTS

You may make a collection consisting of the Docunamd other documents released under this Licemgkreplace the individual copies of
this License in the various documents with a sireglgy that is included in the collection, providkdt you follow the rules of this License for
verbatim copying of each of the documents in dleotespects.

You may extract a single document from such a ctidla, and distribute it individually under thisdense, provided you insert a copy of this
License into the extracted document, and follow thicense in all other respects regarding verbabtpying of that document.
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7. AGGREGATION WITH INDEPENDENT WORKS

A compilation of the Document or its derivativestwother separate and independent documents oiswiorlor on a volume of a storage or
distribution medium, is called an "aggregate" ié thopyright resulting from the compilation is nated to limit the legal rights of the
compilation's users beyond what the individual veaplermit. When the Document is included in an agafes this License does not apply to
the other works in the aggregate which are not sieéres derivative works of the Document.

If the Cover Text requirement of section 3 is apgdble to these copies of the Document, then iDtbeument is less than one half of the entire
aggregate, the Document's Cover Texts may be placedvers that bracket the Document within thereggte, or the electronic equivalent
of covers if the Document is in electronic formh@wise they must appear on printed covers thakbtahe whole aggregate.

8. TRANSLATION

Translation is considered a kind of modification,y®u may distribute translations of the Documerdar the terms of section 4. Replacing
Invariant Sections with translations requires sggoérmission from their copyright holders, but yoay include translations of some or all
Invariant Sections in addition to the original vens of these Invariant Sections. You may includeaaslation of this License, and all the
license notices in the Document, and any WarramsglBimers, provided that you also include theinagEnglish version of this License and
the original versions of those notices and disataénin case of a disagreement between the traomskatd the original version of this License
or a notice or disclaimer, the original versionlwilevail.

If a section in the Document is Entitled "Acknowdetinents", "Dedications"”, or "History", the requilmh (section 4) to Preserve its Title
(section 1) will typically require changing the @attitle.

9. TERMINATION

You may not copy, modify, sublicense, or distribtite Document except as expressly provided for wtide License. Any other attempt to

copy, modify, sublicense or distribute the Docurisntoid, and will automatically terminate your liig under this License. However, parties
who have received copies, or rights, from you unbisr License will not have their licenses term@thto long as such parties remain in full
compliance.

10. FUTURE REVISIONS OF THISLICENSE
The Free Software Foundation may publish new, egVigersions of the GNU Free Documentation Licemem ftime to time. Such new

versions will be similar in spirit to the presenersion, but may differ in detail to address new bfgms or concerns. See
http://www.gnu.org/copyleft/

Each version of the License is given a distingmghiersion number. If the Document specifies thaggicular numbered version of this
License "or any later version" applies to it, yavé the option of following the terms and condisi@ither of that specified version or of any
later version that has been published (not as f8) drathe Free Software Foundation. If the Docutwes not specify a version number of
this License, you may choose any version ever giédl (not as a draft) by the Free Software Founati

External links

GNU Free Documentation Licen§#/ikipedia article on the license)

Official GNU FDL webpage
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