
Introduction:  Basic Biology

The bio of biochemistry
The most obvious thing about living or-
ganisms is their astounding diver-
sity. Estimates put the number of 
eukaryotic species at about 8.7 
million, while bacteria account for 
anywhere between 107 and 109 differ-
ent species.  The number of species of archaea 
is still uncertain, but is expected to be very 
large.  

These organisms, representing the three great 
domains of life, together occupy every environ-

mental niche imaginable, from the human gut 
to the frozen expanses of the Antarctic, and 

from the rainforests of the Amazon 
basin to the acid waste washes of 
gold mines.  Some organisms, 
like the tardigrades (Figure 

1.1), or water bears, can withstand 
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incredibly 
harsh con-
ditions - 
from a 
few de-
grees 
above ab-
solute 
zero to 
300°F, 
the vac-

uum of outer space, and pressures greater 
than those at the greatest depths of the ocean. 
In the memorable words of Dr. Ian Malcolm 
in the movie, Jurassic Park, “Life finds a way”.

Despite the differing demands of existence in 
these widely 
varied envi-
ronments, all 
living things 
share some 
common char-
acteristics.  
The most no-
ticeable of 
these is that 
from hum-
mingbirds to 
humpback 
whales, from 
fungi to frogs, 
and from bac-
teria to birch 

trees, all living things are made up of cells.  
This fact was first discovered by Robert 
Hooke, in 1665 (Figure 1.2), when he used a 
microscope to look at a slice of cork and found 
that it seemed to be made up of tiny chambers 
that he 
named cells.  
Subsequent 
examination 
of other liv-
ing things 
revealed 
that they, 
too, were, 
without ex-
ception, 
made up of 

cells.  To-
day, we 
know that organisms in all three domains 
of life – bacteria, archaea and eukaryotes, 
share this property – they are all made up 
of cells.  For some, a single cell is the organ-
ism, while others are multicellular, like hu-
mans, wombats or weeping willows.  

The subject of this book is biochemistry, 
the science that explains life at the molecu-
lar level.  The special characteristics of 
cells influence the unique chemistry of life. 
It is, thus fitting, to take a quick look at 
cells, the setting in which the molecular 
events of life take place.

8

Figure 1.2  Slices of cork as 
seen by Hooke

Figure 1.3  Bacterial cells
Wikipedia

Figure 1.1 - Tardigrade
Wikipedia



“There are living systems; there is no “living 
matter”. No substance, no single molecule, ex-
tracted and isolated from a living being pos-
sess, of its own, the aforementioned paradoxi-
cal properties.  They are present in living sys-
tems, only; that is to say, nowhere below the 
level of the cell.” – Jacques Monod

Cells
All cells, no matter what kind, have a plasma 
membrane that serves as a boundary for the 
cell, separating it from its surroundings.  They 
also possess a genome made up of DNA that 
encodes the information for making the pro-
teins required by the cell.  To translate the 
information in the DNA and make the pro-
teins it encodes, all cells have the machinery 
for protein synthesis, namely, ribosomes 
and tRNAs.  DNA is also the repository of in-
formation that gets copied and transmitted to 
the next generation, allowing living cells to re-
produce. 

All cells also need to be able to obtain and use 
energy.  The 
source of this en-
ergy is different 
in different organ-
isms (Figure 
1.4).  Photo-
trophs are organ-
isms that obtain 
metabolic energy 
from light, while 
chemotrophs 

get their energy from the oxidation of chemi-
cal fuels.  Organisms that can capture energy 
from light or from chemical sources are 
termed autotrophs (auto=self, troph=nouris-
hing).  Others are heterotrophs, which use, 
as their energy source, the organic com-
pounds made by other organisms.  Plants, and 
other photosynthetic organisms are auto-
trophs, while animals are heterotrophs. 
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Figure 1.4 - Organization of organisms by metabolic type
Wikipedia

Figure 1.5 - Tree of life
Wikipedia



Cells may be aerobic (i.e., use oxygen) or an-
aerobic (able to live without oxygen).  Some 
anaerobic cells are obligate anaerobes, that is, 
they require an environment free of oxygen.  

Others are facultative anaer-
obes, cells that can live with, or 
without, oxygen.  

Prokaryotic and 
eukaryotic cells
Organisms may be divided into 
two major groups, the pro-
karyotes and the eukaryo-
tes.  The cells of the former 
lack  a nucleus and other or-
ganelles, while those of the 
latter are characterized by nu-
merous internal, membrane-
bounded compartments, in-
cluding a nucleus.

Prokaryotes are unicellular 
and generally considerably 
smaller than their eukaryotic 

cousins, with sizes ranging from 0.5 to 5 µm 
in diameter.  Prokaryotes typically have circu-
lar chromosomes, and may sometimes con-
tain extra-chromosomal DNA elements (also 
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Figure 1.6 - Interplay between autotrophs and 
heterotrophs

Wikipedia

Image by Aleia Kim

Table 1.1



usually circular) called plasmids.  Although 
the DNA in prokaryotes is not wrapped 
around histones, as is the case for eukaryo-
tes, prokaryotes have proteins associated with 
their DNA. The DNA-protein complexes in 
prokaryotes create a structure called a nu-
cleoid, which is different from the eukaryotic 
nucleus in not being enclosed by a nuclear en-
velope (Figure 1.7).  The proteins associated 
with the DNA in Archaea resemble eukary-

otic histones, while those in bacteria are differ-
ent from both eukaryotic and archaeal DNA 
packaging proteins.

Prokaryotes may be divided into two broad 
categories, bacteria and archaea.  These single 

-celled organisms are both ancient and wide-
spread.  Archaea were once thought to be a 
subgroup of bacteria, but have subsequently 
been shown to be a completely different group 
of organisms that are so distinct from both 
bacteria and eukaryotes that they now are clas-
sified in a domain of their own.

Bacteria
Like eukaryotic cells, bacterial cells have a 

plasma mem-
brane surround-
ing them, but in 
addition, they 
also contain an 
exterior cell wall, 
comprised of an 
interlocked pepti-
doglycan net-
work.  On their 
exterior surfaces, 
bacteria have 
hair-like append-

ages called pili that allow them to adhere to 
other cells.  Pili play an important role in bac-
terial conjugation, a process in which DNA is 
transferred between bacterial cells.  In addi-
tion, bacterial cells may have flagella that en-
able them to move through their surround-
ings.

Interestingly, bacteria can communicate, not 
only with members of their own species, but 
also with other bacterial species, using chemi-
cal signals, in a process called quorum sens-
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Figure 1.7 - Prokaryotic vs. eukaryotic cell structures (not to scale)
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ing.  These signaling mecha-
nisms enable bacteria to assess 
conditions around them (such 
as the size of their population).  
Quorum sensing plays a role in 
the process of infection by bac-
terial pathogens as well as the 
formation of biofilms (mats of 
cells that adhere to each other 
tightly and protect the bacteria 
against environmental hazards 
or other harmful agents).

Archaea
The first archaeans to be stud-
ied were all found in harsh envi-
ronments such as salt flats and 
hot springs.  Because of this, they were ini-
tially believed to live only in extreme environ-
ments and were described as extremophiles 
(Figure 1.8).  We now know that archaeans 
can be found in every environment, moderate 
or extreme.  Archaea have been 
found in the human gut, and in 
such huge numbers in marine 
plankton that it has been sug-
gested that they may be the most 
abundant organisms on earth.  

 While they are unicellular, and superficially 
resemble bacteria, archaea are in some re-
spects more similar to eukaryotes.  Their tran-
scriptional machinery, promoter se-
quences and ribosomes are much more like 
those of eukaryotes than of prokaryotes.  

Archaea are also unique among living organ-
isms in their use of ether linkages to join the 
lipids used in their plasma membranes to 
glycerol.  Not only are the ether linkages differ-
ent from the ester linkages in all other forms 
of life, but the lipids themselves are different.  

In place of the fatty acids used in both 
bacterial and eukaryotic mem-
branes, archaea use long 
isoprene-derived chains (Figure 

1.9)  This difference in membrane 
composition and structure makes archaeal 

membranes highly stable and may be advanta-
geous in extreme conditions.

Archaea, like bacteria, also have a cell wall, 
but the cell walls do not contain peptidogly-
cans.  Some archaea have peptidoglycan-like 
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Figure 1.8 - Archaeans growing in acid mine waste
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molecules in their cell walls, while 
others build their cell walls en-
tirely of glycoproteins and poly-
saccharides.   

Eukaryotes
Eukaryotic cells are found in 
both unicellular and multicellular 
organizational schemes.  Unicellu-
lar forms include yeast and many 

protists, familiar to students 
from introductory biology 
labs, like Paramecium and 
Amoeba.  Multicellular 
eukaryotes include plants, 
animals, and fungi.  Eukary-
otic cells are surrounded by a 
plasma membrane.  Ani-
mal cells have no cell walls, 
whereas plant cells use cellu-

13

Figure 1.10 Paramecium
Wikipedia

Figure 1.9  Archaeal membrane, top, showing unusual ether linkages and isoprene 
chains and bacterial membrane, below.

Wikipedia



lose, hemicellulose, and pectins to build 
cell walls outside their plasma mem-
branes.  Fungal cells have cell walls that are 
unusual in containing the polymer, chitin, 
which is also found in the exoskeletons of ar-
thropods.

Eukaryotic cells are typically much larger 
(typically 10-100 µm) and contain considera-
bly more DNA than prokaryotic cells. The 
most distinctive feature of eukaryotic cells, 
however, is the presence of a variety of inter-
nal membrane-bounded structures, called or-
ganelles. 

Organelles
Eukaryotic cells are characterized by internal 
membrane-bounded compartments, or organ-
elles. These compartments divide up the inte-
rior of the cell into discrete parts that have 
specialized functions.  

Organelles found in eukaryotic cells in-
clude the nucleus (houses DNA), mitochon-
dria (electron transport system/
oxidative phosphorylation for ATP syn-
thesis), nucleolus (ribosome synthesis and 
assembly), endoplasmic reticulum (lipid 
metabolism and targeted protein synthe-
sis and folding), the Golgi apparatus (pro-

tein modification and secre-
tion), peroxisomes (oxida-
tion of very long chain fatty 
acids), chloroplasts 
(plants - photosynthe-
sis), plastids (synthesis and 
storage of compounds in 
plants), lysosomes (ani-
mals - hydrolytic enzymes), 
endosomes (contain endo-
cytosed material), and 
vacuoles. 

The presence of multiple 
compartments within the 
cell permits reactions re-
quiring specific conditions 
to be carried out in isola-
tion from the rest of the 
cell.  For example, the for-
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Figure 1.11 - Animal cell structure
Wikipedia



mation of disulfide 
bonds in proteins is 
possible in the condi-
tions within the endo-
plasmic reticulum, 
but would not readily 
occur in the different 
environment of the cy-
tosol.  The presence of 
membrane-bounded 
compartments also al-
lows reactants to be 
more concentrated be-
cause of the smaller vol-
ume of the organelle.  

Eukaryotic DNA in a 
cell is divided into sev-
eral linear bundles 
called chromosomes.  
Chromosomes contain the genomic DNA 
wrapped around cores of positively charged 
proteins called histones.  The ends of linear 
eukaryotic chromosomes have telo-
meres, short (less than 10 bp) 
sequences repeated thousands 
of times.  The role of telomeres 
in preventing loss of information 
when linear chromosomes are repli-
cated is discussed later. 

The chromosomes in eukaryotic cells are sur-
rounded by the nuclear envelope, a double 
membrane structure that encloses the nucleus 
(Figure 1.12).  Within the nucleus, there 

are enzymes required for the replication 
and transcription of genetic information.  
The presence of the nuclear envelope also 
regulates which proteins can enter the nu-

cleus at any given time.  This, as you 
will see later, is an important way to 
control gene expression. 

Mitochondria and chloroplasts 
have their own DNA, separate from and in 

addition to the nuclear DNA.  This DNA is 
small and circular and resembles a prokary-
otic chromosome.  Mitochondria and chloro-
plasts also have their own ribosomes and 
tRNAs and can carry out their own protein 
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synthesis.  This 
is not as odd as it 
seems, because 
these organ-
elles are likely 
derived from pro-
karyotes that 
once lived as en-
dosymbionts 
within ancient 
eukaryotic cells 
and eventually be-
came integrated 
into their host 
cells.  

The cytoskeleton
Another interesting feature of eukaryotic cells 
is the presence of an internal skeleton-like 
structure called a cytoskeleton.  The cyto-
skeleton is made up of a network of interlink-
ing protein fibers belonging to three major 
classes: microtubules, microfilaments, 
also known as actin filaments,  and interme-
diate filaments (Figure 1.13).  All eukary-
otic cells have microfilaments and microtu-
bules, but it appears that plant cells may lack 
intermediate filaments (It is now known that 
some cytoskeletal elements are  present in bac-
teria and archaea as well, but these have been 
discovered relatively recently and thus, less is 
known about them.)  

Although the word “skeleton” may suggest a 
rigid and fixed structure, the cytoskeleton is 

dynamic, with 
both microfila-
ments and mi-
crotubules dis-
assembling and 
rearranging them-
selves on an ongo-
ing basis, as 
needed.  Inter-
mediate fila-
ments are also 
broken down and 
rebuilt, at spe-
cific times, such 
as during cell divi-
sion.  The three 

main classes of cytoskeletal elements are dis-
tinguished by the proteins that they are com-
posed of, as well as the way in which those pro-
teins assemble into the structures seen in the 
cell.  

Intermediate filaments, for example, are 
made up of a variety of proteins that share a 
common structure, and assemble into fibers 
that resemble a cable made up of many indi-
vidual strands of wire twisted together.  This 
arrangement, because of its mechanical 
strength, makes intermediate filaments ide-
ally suited to provide structural support to 
various cell structures.  The nuclear envelope, 
for example, has a network of intermediate 
filaments called the nuclear lamina, just in-
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Figure 1.13 Cultured cells stained to show 
intermediate filaments

Wikipedia



side the inner membrane of the enve-
lope in animal cells.  

Microfilaments, composed of the 
protein actin, underlie the plasma 
membrane of animal cells, and give 
them their characteristic shapes.  Re-
modeling of these filaments changes 
the shape of the cell, and is important 
for cell movement.  In animal cells, 
actin also plays a role in cytokinesis, 
the last step in cell division, by help-
ing to cleave the cell in two after nu-
clear division.

Microtubules, made up of various 
kinds of a protein called tubulin, 
also play vital roles in cell division 
(Figure 1.14).  The spindle fibers 
that attach to chromosomes during 

metaphase, and help separate the two sets 
of chromosomes, are made up of microtu-
bules.  Microtubules also serve as tracks 
along which motor proteins, like dynein 
and kinesin, transport cargo to different 
parts of the cell.  

Additional functions of the cytoskeleton 
include helping to organize the contents of 
the cell. If you ever wondered what kept or-
ganelles in an aqueous cytoplasm from float-
ing around like beach balls in water, the an-
swer is that organelles are anchored by at-
tachment to the cytoskeleton.  Interac-
tions among cytoskeletal proteins and com-
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 Figure 1.15 - The cytoskeleton.  Actin filaments 
are in red, microtubules in green, nucleus in 
blue

Figure 1.14 - β-tubulin in Tetrahymena
Wikipedia



ponents of the extracellular matrix are cru-
cial in maintaining tissue structure. 
Membrane-associated signaling proteins are 
sometimes linked to components of the cyto-
skeleton, giving cytoskeletal proteins a role 
in cell signaling pathways.  

Tissues
Cells in multicellular organisms are organized 
into tissues that play specialized roles in the 
body.  Animals have four types of tissues in 

their bodies - epithelium, connective tis-
sue, nerve tissue, and muscle tissue.  The 
first of these, epithelial tissues line the cavi-
ties and surfaces of blood vessels and organs 
in the body (Figure 1.16). Epithelial cells are 
categorized by their shapes: squamous, colum-
nar, and cuboidal. These can be organized in a 
single cell layer or in layers of two or more 
cells deep (referred to as stratified or layered).  
Glands are all comprised of epithelial cells. 

Epithelial cell functions include protection, se-
cretion, selective absorption, transport, and 
sensing.  Layers of epithelial cells do not con-
tain blood vessels and must receive nutrients 
through the process of diffusion of materials 
from underlying connective tissue, through 
the basement membrane.

Connective tissue
Of the four animal tissues, connective tissue is 
the one that serves as the “glue” to hold every-

thing together.  
Connective tis-
sue fills the gaps 
between all the 
other tissues of 
the body,  includ-
ing the nervous 
system. In the 
central nervous 
system, for exam-
ple the outer 
membranes, the 
meninges (cover 

of brain) and the spinal cord are composed of 
connective tissue.  Apart from the blood and 
lymph, connective tissues contain three main 
components.  They are 1) cells; 2) ground sub-
stance; and 3) fibers.  Blood and lymph con-
tain components 1 and 2, but not 3.  Cell types 
found in connective tissue include adipo-
cytes, fibroblasts, mast cells, macro-
phages, and leucocytes.  
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Figure 1.16 - Types of epithelial tissue



Nerve tissue
The nervous system of humans con-
tains two main components.  The 
brain and spinal cord comprise the 
central nervous system (CNS) and 
nerves branching from these make up 
the peripheral nervous system. The pe-
ripheral nervous system is responsible 
for regulating bodily functions and ac-
tions. In the central nervous system 
(CNS), the tissue types are referred to 
as grey matter or white matter. In the 
peripheral nervous system (PNS), tis-
sue types include nerves and ganglia.  

Nerve cells are also called neurons.  Neu-
rons can transmit and receive signals.  Spe-
cialized cells called glia assist in transmitting 
the nerve signal and also provide nutrients for 
the neurons.  All nerve cells contain an axon 
(Figure 1.20) which are long fiber-like struc-
tures responsible for sending signals in the 
form of action potentials to adjacent cells.  
Nervous system functions include receiving 
input from senses, controlling muscles and 
glands, homeostasis, integration of informa-
tion, and mental activity.

Muscle tissue
Muscle tissue is formed during embry-
onic development by a process 
known as myogenesis.  Mam-
mals have three types of mus-
cle tissue - 1) skeletal/striated 

muscle; 2) smooth, non-striated muscle; and 
3) cardiac muscle.  Cardiac muscle and 
smooth muscle are notable for contracting 
involuntarily.  Both can be activated through 
nerve stimuli from the central nervous system 
or by innervation from the peripheral plexus 
or by endocrine/hormonal activation.  Stri-
ated muscles, by contrast, only  contract vol-
untarily by (mostly) conscious action influ-
enced by the central nervous system.  Reflex-
ive movement by striated muscles occurs non-
consciously, but also arises from central nerv-
ous system stimulation.
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Figure 1.17 - Nerve cell anatomy
Image by Pehr Jacobson
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Biochemistry Biochemistry
I wish that I were wiser

I feel I’m in way o’er my head
I need a new advisor

My courses really shouldn’t be
Such metabolic misery

Biochemistry Biochemistry
I wish that I were wiser

Biochemistry Biochemistry
Reactions make me shiver

They’re in my heart and in my lungs
They’re even in my liver

I promise I would not complain
If I could store them in my brain

Biochemistry Biochemistry
I wish that I were wiser

Biochemistry Biochemistry
I’m truly in a panic

Your mechanisms murder me
I should have learned organic

For all I have to memorize
I ought to win the Nobel Prize.

Biochemistry Biochemistry
I wish that I were wiser

Biochemistry, Biochemistry 
To the tune of “Oh Christmas Tree”
Metabolic Melodies Website HERE 

Recorded by Tim Karplus.   
Lyrics by Kevin Ahern

Biochemistry, Biochemistry
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DNA gets spooled like balls of yarn
Within the chromosomes

Unwinding when it’s duplicated there
Around the nucleus

 
Primase sets down RNA

To pave the path for DNA
Across a replication fork

 
Complementarit-y rules (ahhhhhh)

DNA Pol-y-mer-ase
Synthesizing DNAs
RNA Pol-y-mer-ase

Making all the RNAs
 

Helicases split the strands
In front of replication forks

To make templates accessible
Around the nucleus

 
Complementary bases

Match the bonds of ‘H’ and hold the strands
Together till they’re pulled apart

Around the nucleus
Hydrogen bonding fuels (ahhhhhhhhh)

Tiny alpha helix bands
Folding for the cells’ demands

Beta sheets comprised of strands
Meeting all the cells’ demands

 
Exons link majestically all guided

By a master plan encoded in the cell’s genome
That’s buried deep inside of me

Countless combinations of the codons
Bring diversity to life evolving on and on

Around the nucleus
 

Complexes rule the world (ahhhhhhhh)
Ribosomes and spliceosomes

Transforming the cells’ genomes
Ribosomes and spliceosomes

Builders of the proteomes

            YouTube video HERE                  

Around the Nucleus  
To the tune of “Across the Universe” 
Metabolic Melodies Website HERE 

Recorded by David Simmons
Lyrics by Kevin Ahern 

   

http://www.youtube.com/watch?v=WyjgerHNrfU
http://www.youtube.com/watch?v=WyjgerHNrfU
http://www.davincipress.com/
http://www.davincipress.com/


Biochem is Beautiful
To the tune of “Everything is Beautiful”

Metabolic Melodies Website HERE 

Students study molecules with
All of the structures they possess

Proteins, fats and DNAs
There must be a million ways

To evaluate our knowledge for the test
 

Biochem is beautiful
Our professor says

From the sugar in our cells
To actions of HDLs

 
And molecules are dutiful

In every way
Substrates for the enzymes are

Converted e-ver-y day
 

There is no enzyme
That can lower Delta G

They just work all the time
On transition energy

 
Catalysis provides to cells

Metabolic jump-startin
They all capitalize

By giving rise
To reactions ‘tween the carbons

 
Biochem is beautiful

Saying it with zest
Would be so much easier
If I could just ace the test

 
Biochem is beautiful

Saying it with zest
Would be so much easier
If I could just ace the test

fade

Recorded by David Simmons
Lyrics by Kevin Ahern

http://www.davincipress.com/
http://www.davincipress.com/

