Archaeobacteria:

Bacteria are generally smaller and simpler in their cell make up than animals and plants.  Bacteria are classified based on the characteristics of the their walls.  The mycoplasmas have no walls.  Bacteria with thin walls that do not take the Gram stain are called “Gram negative.”  Those with thick walls that take the stain are called “Gram positive.”

The archeobacteria differ from all other bacteria.  There is no peptidoglycan in archeobacterial cell walls.  The lipids in the cell membranes have branched carbon chains linked to glycerol by an ether linkage rather than straight carbon chains attached to glycerol by an ester linkage.  The start signal for protein synthesis is methionine rather than formlymethionine as in other groups of bacteria.  The archeobacteria do not respond to antibiotics.  They lack the loop on rRNA and the common arm of tRNA.

The archeobacteria often live in extreme environments and have unusual metabolic processes.  Important groups of these bacteria include the methanogens that produce methane gas from carbon dioxide and hydrogen in the absence of oxygen, halophiles that require high concentrations of salt to survive, and thermoacidophiles that grow in hot and acidic places.  The archeobacteria and regular bacteria (eubacteria) appear to have separated early in the evolution of bacteria.  The complex cells of animals and plants may be the result of eubacteria like Daptobacter living in achaeobacteria cells like Thermoplasma. 

B is for Bacteria:

The true bacteria are often called the Eubacteria.  They can be distinguished by the presence of complex substances in their cell walls called peptidoglycans.  Bacteria with peptidoglycan cell walls come in two forms.  These forms are distinguished by the way they take a stain invented by Hans Christian Gram.  Those that take the stain are called gram-positive.  They have cell walls with a thick layer of peptidoglycan and complex sugar (polysaccharides) molecules.  The gram-negative bacteria do not take the gram stain.  Their cell walls have a sandwich within a sandwich structure with an inner cell membrane, a thin layer of peptidoglycan molecules, and an outer membrane.

Gram-positive bacteria are more sensitive to antibiotics. They are also more susceptible to antibacterial enzymes in saliva.  

Some bacteria secrete a coat of polysaccrides that surrounds the cell wall.  This coat is called the “capsule.”

Some bacteria have special flagella.  The bacterial flagellum is a little whip made of small protein molecules arranged in chains.  These whips beat with a rotary motion.  

Some bacteria are covered with pili.  These are cylindrical rods made of protein.  Bacteria can be classified as gram-negative or positive.  They can be classified by the presence or absence of a capsule, of pili, of flagella.  They can be classified by the arrangement of these structures.  They can be classified by their shape: rod, sphere, spiral.

C is for Cell:

There are three life forms associated with active genes: viruses, prokaryotic cells and eucaryotic cells.  Prokaryotic cells were the first cells to appear.  Bacteria and blue green algae have prokaryotic cells.  Animals, plants, true algae, protozoa, and fungi have eucaryotic cells, cells with a true nucleus. 

Prokaryotic cells are much smaller than eucaryotic cells.  Viruses are even smaller, so small that there is no cell all.  Viruses are equivalent to chromosomes.  They are nucleic acids covered in some kind of packaging.  Prokaryotic cells are equivalent to the organelles of eucaryotic cells.  Mitochondria and chloroplasts are organelles in eucaryotic cells that may have begun from bacteria living symbiotically in the cell

The DNA in the prokaryotic cell is not enclosed in a nuclear membrane.  There are no membrane-enclosed structures such as plastids and mitochondria.  The DNA is not bound to histone proteins.  Their wall often contains complex sugars such as petidoglycan.  The divide through a simple process of DNA replication (copying) and binary fission.  There is no mitosis and meiosis like that of eucaryotic cells.

Bacterial cells take may different shapes.  The spherical cells are called cocci; the rod shaped cells are called bacilli (bacillus is the singular).  There is often a capsule surrounding a cell wall surrounding a cell membrane.

D is for DNA:

As in other living things, DNA (Deoxyribonucleic acid) is the double stranded molecule that the genes (patterns for making proteins) are coded in.  The DNA uses RNA (Ribonucleic acid) as its messenger molecule.  Surrounding the DNA is the cellular soup of water and protein.  This soup is called the cytoplasm.  Floating in the cytoplasm are structures called ribosomes.

The ribosomes are places where messenger and transfer RNA are used to assemble proteins out of amino acids according to the genetic code in the DNA molecule.  The proteins made on the ribosomes function to as structural units within the cell and as enzymes controlling the speed of chemical processes within the cell.

The substances surrounding the bacterial cell are called the glycocalyx.  An organized glycocalyx is called a capsule.  An unorganized glycocalyx is called a slime layer.  It is often sticky and made of repeating sugar and protein units.  Capsules may protect bacteria from being eaten (phagocytosis) by white blood cells.  A sticky glycocalyx may allow a bacteria to attach to surfaces of things like rocks and teeth.

The cell membrane surrounding the cell is made of phospholipid molecules arranged in two parallel rows.  Each phospholipid molecule contains a water-soluble head end of phosphate and glycerin groups and a water repelling tail end of fatty acids (like those in fats and oils).

E is for Eucaryotic:

Unlike bacteria, eucaryotic cells have nuclear membranes around the DNA, in addition to the cell membrane surrounding the cell.  Eucaryotic cells are generally much larger than prokaryotic cells.  Plant cells and algae have membrane-lined structures called plastids.

Chloroplasts are plastids containing chlorophyll.  These structures are capable of obtaining energy from the sun through the process of photosynthesis.  The cell wells of algae and plants typically are made of long chains of sugar molecules woven into a substance called cellulose. 

Most eucaryotic cells obtain energy from the breakdown of sugar in special double membrane lined structures called mitochondria.  Eucaryotic cells tend to bind the DNA to histone protein and package it in structures called chromosomes.  Chromosomes are carefully copied and moved to daughter cells in special forms of cell division called mitosis and meiosis.  Mitosis maintains chromosome number and meiosis reduces it in ordinary to accomplish sexual reproduction. Special structures called spindles and centrioles are associated with these processes in eucaryotes.

The flagellum of the eucaryotic cell has a different structure than that of the prokaryotic cell.  Eucaryotic cells have membrane-lined sacs of water called vacuoles and systems of internal membrane called the endoplasmic reticulum.  The animals, plants, higher algae, fungi, slime molds, protozoa, and seaweeds have eucaryotic cells.

F is for Flagellum:

The flagellum (plural is flagella) is a whip like structure that is used to propel the cell.  Flagella in bacteria have a different structure than those found in plants and animals.  Bacterial flagella are made of spherical units of protein arranged in chains around a hollow center.  These flagella are attached by hook proteins to basal bodies anchored in the cell wall and cell membrane.

Unlike eucaryotic flagella, which have a whip like motion, the prokaryotic flagella rotate, often generating a characteristic run and tumble motion in the bacterial cell.  Bacterial cells have receptors on their surface that allow them to move away from or toward a chemical (chemotaxis).

Gram-negative bacteria may have hair like structures called fimbriae that are used to help the cell attach to surfaces.  Pili are longer than fimbriae and are used to join bacteria to other bacteria in order to transfer DNA.

Spirochetes have bundles of fibers called axial filaments that spiral around the cell.  They are anchored at the ends of the cell.  When the filaments move, they create movements in the outer sheath of the cell that cause the cells to move like corkscrews.

The cell wall serves as an anchoring point for flagella.  It also keeps the cell from bursting as it takes in water through osmosis.

G is for Gram:

Bacteria that take the Gram stain are said to be Gram positive.  Those that don’t take the stain are Gram negative.

Gram-positive bacteria will retain a crystal violet dye and take a violet stain.  Gram-negative bacteria can be decolorized and made to take a safranin counterstain that colors them red.

The cell walls of gram-positive bacteria have a cell wall of many layers of peptidoglycan.  Peptidoglycan is a mucopolysaccharide made of repeating sugars and chains of amino acids.  There are also teichoic acids made of alcohols and phosphates.  The sugars in the peptidoglycan form a carbohydrate backbone.  The amino acids form a peptide cross bridge.  The teichoic acids appear to have a role in the movement of ions and storage of phosphorus as well as a role in the growth of the cell wall and its resistance to breakdown.

The cell walls of gram-negative bacteria do not have teichoic acids.  There is only a thin layer of peptidoglycan covered by a second membrane.  This outer membrane is embedded in a periplasmic gel full of proteins.  The outer membrane is made of lipoproteins, phospholipids, and lipopolysaccahrides.   The lipoproteins are combinations of lipids (fats) and protein that bind the membrane to the peptidoglycan layer.  Lipids in the lipoprotein of gram-negative bacteria act as a poison (endotoxin) in the blood or gut of an animal.  Gram-negative bacteria tend to be resistant to penicillin, but not to tetracycline.

H is for Health:

Disease can be caused by a virus, a bacterium, a fungus, a protozoan, or a parasite.  Only bacterial infections respond to antibiotics.  There are no treatments for many viral diseases.  Vaccination is generally the method of choice for prevention of viral diseases.  However, there are dangerous viruses for which there are no vaccines.

Spirochete bacteria are responsible for a number of serious diseases.  Treponema pallidum is the cause of syphilis.  Species of Borrelia are responsible for relapsing fever and Lyme disease, these are diseases transmitted by ticks or lice.

The spiral Helicobacter causes ulcers in humans.  Pseudomonas is a gram-negative rod that grows in some antiseptics and is resistant to most antibiotics.  Among the diseases caused by gram-negative bacteria are gonorrhea, meningococcal meningitits, pink eye, brucellosis, and whooping cough.

Viruses are DNA or RNA that can take over the cell and cause it to reproduce the virus.  In the mean time, the cell may die or be unable to perform its normal activities.  Some viruses are able to incorporate themselves in the genes of the cell. Viruses cause diseases like colds, influenza, herpes, and HIV.  They are particularly difficult to treat because they do not respond to antibiotics.

In many cases it is a poison (toxin) that causes the sickness.

I is for Immunity:

The first line of defense against disease in mammals is the skin.  It produces a tough layer of the protein known as keratin.  The epithelium that lines body cavities not as tough, but the saliva, tears, and mucus that the body produces contains antimicrobial chemicals.  The epithelium of the respiratory area is lined with beating cilia.  The stomach contains microbe-killing acid and the intestines are full of helpful vitamin producing bacteria that will defend their home area against invaders.

When these barriers are penetrated, histamines and other chemicals are released that increase blood flow. White blood cells are attracted by these substances and eat up the invaders.  This begins the inflammatory response.  Cells invaded by viruses produce interferons that help block the virus from taking over the invaded cell.

The immune system makes use of B lymphocytes and T lymphocytes.  B-lymphocytes make antibodies.  Antibodies are large protein molecules made in response to antigens.  When an antibody clings to an antigen site on an invading virus, it may disable it and keep from infecting the cell.

Vaccination makes use of weak or dead viruses that are no longer harmful, but still contain antigens that may be used to help the cells of the immune system make antibodies that will make the person immune, resistant, to invasions of the disease for which they have been vaccinated.  An example is the vaccine that confers immunity to the poliovirus.

J is for Joining:

Making antibodies that will disable antigen bearing disease organisms involves joining chains and joining genes.  Joining genes are something different from joining chains.  Joining chains link separate antibody units (monomers) to make larger antibody complexes.  Joining genes are genes for some of the peptide chains that join with other peptide chains to make an antibody unit (monomer).

The principle involved is quite simple.  Out of a small number of different peptide units, you can assemble a surprising variety of light and heavy protein chains that can be assembled in an enormous variety of different monomers and joined by joining chains in different ways.  This means that antibodies can be put together in various ways to fit the different kinds of antibodies presented by disease organisms.  Antibodies can lock up antigen protein by combining with it in a perfect fit.

The B-cells that produce antigens may be short-lived plasma cells or memory cells that stay alive to confer long-term immunity.  T-cells are important in the production of T-dependent antigens.

When a bacteria cell is digested by a white blood cell, the white blood cell generates self-antigens combined with foreign antigens.  T-cells respond to these combinations and activate antibody producing B cells.  Cytotoxic T cells recognize viral antigens and destroy the virus producing cells.

K is for Killer Cell:

Natural killer (NK) cells attack certain target cells such as tumor cells.  They attack tumor cell even if they are not producing viral antigens.  Cytotoxic T cells destroy viral antigen producing host cells. Killer cells (K) attack target cells that are coated with antibody.  Killer cells do not look for specific antibodies like Cytotoxic T cells do.

In addition to killer cells, natural killer cells, and cytotoxic T cells, there are regulatory T cells that help control the immune response.  Helper T cells activate the antibody response in B cells (as described in J above).  Suppressor T cells suppress the activity of other T cells and the conversion of B-cells into plasma cells.  Delayed hypersensitivity T cells are associated with allergic reactions and rejections of transplanted tissue.

Hypersenitivity T cells produce lymphokines (cytokines) such as macrophage chemotactic factor and macrophage migration inhibition factor, macrophage activation factor.  These substances encourage macrophage activity at the site of an infection.  They also produce interleukins that stimulate the production of B cells, T cells and natural killer cells.

The body produces antimicrobial substances of several kinds.  The complement system is a group of 20 different interacting proteins found in the blood.  The cell walls of bacteria and antibody antigen reactions trigger complement proteins to destroy invading cells and their cell membranes.

L is for Lungs:

Diseases of the respiratory system include strep throat caused by bacteria of the Streptococcus group.  These bacteria respond to the antibiotics related to penicillin.  Scarlet fever is a form of streptococcal infection in which a toxin (poison) is produced that causes a pink rash and high fever.

Diphtheria is caused by toxin producing bacteria in the Corynebacterium genus.  Antitoxin must be given to block the toxin and antibiotics to prevent bacterial growth.  The DPT vaccine provides immunity against the toxin.

Ear inflections can develop as complications of respiratory infections. Streptococcus, Staphylococcus, and other forms of bacteria can be responsible.

There are 200 different viruses that cause cold.  Half belong to the rhinovirus group.

Whooping cough, tuberculosis; as well as pneumococcal, klibisella, chlamydial, legeinellosis, and mycoplasmal pneumonia are diseases of the lung area caused by bacteria. 

Bacteria adhere to the teeth and produce a sticky capsule that forms dental plaque. Acids released destroy tooth enamel.  Streptococci, actinomycetes and other bacteria cause inflammation of the gums.

A wide variety  of bacteria are found in the mouth.

M is for Microorganisms:

Microorganisms can be noncellular viruses that are DNA or RNA in some kind of package.  Cellular organisms are either prokaryotic or eucarytoic (with a nuclear membrane).  Eucarytoic organisms that carry on photosynthesis are either algae or higher plants. Those that do not carry on photosynthesis and ingest food are protozoa if they are one celled and higher animals if they are multicellular.  Plant like forms grow through or around their food are usually placed with the fungi.

Prokaryotic microorganisms are divided into those with no cell walls (mycoplasmas), those with no peptidoglycan in the cell wall (archaeobacteria), those with thick cell walls (gram-positive bacteria) and those with thin cell walls (gram negative bacteria).

Photosynthetic bacteria are separated out in special groups: the anoxygenic (not generating oxygen) purple bacteria and the green sulfur bacteria, the oxygen generating blue-green algae bacteria.  Other groups that are segregated out that are carry on chemosynthesis (obtaining energy from inorganic chemical reactions) include the nitrifying bacteria, the colorless sulfur bacteria, hydrogen bacteria, iron and manganese oxidizing bacteria.  Other unusual groups include magnetotatic bacteria, budding bacteria, sheathed bacteria, and gliding bacteria.

Gliding bacteria are divided into those that are fruiting and those that are not.

N is for Nerves:

Meningitis is an infection of the membranes (meninges) surrounding the central nervous system.  Meningitis can be caused by viruses, bacteria, fungi, and protozoa.  Meningococcal meningitis is caused by bacteria normally found in the throat.  When they infect the meninges the bacteria produce a toxin that is responsible for most of the symptoms of the disease.

Hemophilus meningitis can be the result of an infection by an influenza virus that allows Hemphilus bacteria to gain access to the meninges.  Streptococcal meningitis is rare but has a high death rate.   Listeriosis is a meningitis found in newborns and patients with poor immune function.

Closteridium tetani bacteria in a wound can produce toxins, which cause death because of their effect on the nervous system and the muscles controlling respiration.  Vaccination can induce immunity to the toxin.

Botulism results from a toxin produced by Closteridium botulinum growing in spoiled food.  The toxin inhibits nerve impulses.  The toxin can be destroyed by boiling for 5 minutes.

Leprosy, like tuberculosis, is caused by a Mycobacterium.  It is not highly contagious and is generally limited to the tropics.

Polio, rabies, and encephalitis are caused by viruses.

O is for Organic:

Organic substances are made of compounds of carbon.  Bacteria have survived on the planet for billions of years and show more creativity in the variety of the organic and inorganic substances they can make than any other life forms.

Carbohydrates are molecules made of one or more units.  The basic unit in the construction of a carbohydrate is some form of sugar.  Carbohydrates are used to store energy and in the formation of cell walls and capsules.

Proteins are molecules made of long chains of amino acids.  Proteins are used to make flagella and other cell structures.  Many proteins are used as enzymes that facilitate and control important chemical activities within the cell.

Nucleic acids are made of sugar, phosphate, and nitrogenous bases arranged in long chains.  DNA is the information-storing molecule that contains genetic information.  RNA is used to copy and transfer that information in the making of proteins at ribosomes.  ATP is made of a single adenine nucleotide attached to energy carrying phosphate groups.  It is the principle energy-carrying unit of the cell.

Lipids are molecules related to fats and oils (fats are oils that are solid at room temperature).  Most lipids contain long chain hydrocarbon acids called “fatty acids.”  They are used to make membranes and store energy.

P is for Parasites:

Ticks, flies, mosquitoes and other arthropods can serve as vectors of disease.  They can carry viruses, such as the encephalitis causing viruses described above.

Arthropods serve as vectors for parasitic diseases caused by protozoans.  Mosquitoes are vectors of the protozoan (Plasmodium) that causes malaria.  The tsetse fly is the vector of the protozoan that causes African sleeping sickness.  The kissing bug transmits Chagas’disease. 

Other diseases carried by arthropods include the tick borne Rocky Mountain spotted fever (caused by a kind of bacteria called rickettsia), the tick borne Lyme disease and the tick borne relapsing fever (both caused by Borrelia bacteria), the body louse borne typhus and the rat flea borne murine typhus (both caused by a rickesttsias).  Rat fleas also carry the bacterium that causes plague.  Viruses transmitted by mosquitoes include yellow fever, dengue, and abroviral encephalitis.

Parasitic worms include roundworms such as pinwork, hookworm, Trichinella worms, Ascaris, and Anisakide.  Flatworms that are parasites include tapeworms, schistosoma worms, and lung flukes.  Sources of infection include infected beef, pork, crayfish, contact with contaminated clothing, with contaminated fecal material, etc.  Prevention includes good sanitary habits, avoiding exposure to human and animal waste, cooking meat till parasites are killed, etc.

Q is for Quinine:

Quinine from the cinchona tree of Peru was the only drug known to work on malaria.  Now synthetic derivates such as chloroquine have replaced it.  A similar drug, Quinacrine is used to treat the protozoan disease giardiasis.  Metronidazole is a widely used antiprotozoan drug.  Pentamidine is used against African trypanosomiasis and in Pneumocystic pneumonia.  Nifurtimox is used against the trypanosome caused Chagas’ disease.  These drugs appear to bind to DNA.

Tapeworms are becoming more frequent as a result of the popularity of the raw fish in sushi.  Niclosamide is used to treat tapeworm infestations.  It inhibits anaerobic ATP production.  Praziquantel is used for tapeworms and flukes.  It induces muscular spasms in the flukes.  Mebendazole disrupts the cytoplasm of various forms of roundworms.  Piperazine paralyzes them.

Nystatine and amphotericin B combine with sterols in the plasma membrane of fungi, killing them.  Clotrimazole, miconazole, and ketoconazole interfere with sterol production in fungi.  Tolnaflate is used to treat the fungi that cause athlete’s foot.

Insoniazid inhibits cell wall formation in Mycobacterium tuberculosis (cause of tuberculosis).  Sulfonamides (sulfa drugs) are used in the treatment of urinary tract infections.  They block DNA synthesis.  Fluroroquinolones inhibit the enzyme bacteria use to coil DNA.

R is for Recombination:

The bacterial chromosome is a closed loop.  The copying of the DNA molecule to make two daughter chromosomes is called replication.  The replication processes involves the unwinding of the DNA molecule and the synthesis of new matching strands.  Once the chromosome has been duplicated, the cell can proceed to divide.

Bacteria of the Neisseria, Acinetobacter, Streptococcus, Bacillus, and Staphylococcys genera release DNA fragments into the environment where they are picked up by other bacteria and incorporated into the cellular DNA.  This is an important method for transferring genes between these bacteria.

Some bacteria carry on conjugation and transfer of fragments of chromosome between one bacterium and the other.  Sometimes the fragments function as minichromosomes called “plasmids.”  Special projections called “sex pili” are associated with this process.  They help donor cells make contact with recipient cells.

Viruses that infect bacteria are called “bacteriophages.”  Genes can be transferred between bacteria by the action of bacteriophages.  This process of gene exchange creates cells that are known as “recombinants” because the genes have been shuffled as are result of these exchanges.

Early work with genetic engineering involved use of plasmids and baceriophages to move genes.

S is for Soil:

A gram is a tiny amount and a typical gram of surface soil can have 10 million regular bacteria and 2 million bacteria of the actinomycete form that grow like molds (fungi).  There may be over 100 thousand different molds, mildews, and other fungi, and 25 thousand algae.  Since fungi (molds) have larger cells, portion of the weight of the gram of soil that is bacteria and actinomycetes is probably equal to the weight of the fungi.  So the living things in an average gram of surface soil are probably about 20% regular bacteria, 20% actinomycete bacteria, 40% fungi, and 10% algae by weight.

The bacteria and cyanobacteria (photosynthetic blue green bacteria) are particularly important because some of them can take nitrogen from the air and change it to a form that living things can use to make the amino acids of proteins.  When proteins are broken down by fungi and bacteria, ammonia is released.  It combines with the water in the soil to form an ion. Nitrosomonas is genus of bacteria that obtain chemosynthetic energy from changing the ammonia ion (oxidizing ammonium ions) to nitrite.  Nitrobacter is a genus of bacteria that obtain chemosynthetic energy from changing the nitrite ion to nitrate.  Ammonia (ammonium) ions tend to bind clay molecules in the soil, but nitrate ions can be picked up my plant roots from the water in the soil.

Azobacter, Beijerincka, Closteridium, Klebisella, Enterobacter, cyanobacteria, and symbiotic bacteria in the roots of soybeans, peas, beans, alfalfa, and clover can take nitrogen from the air and turn it into ammonia and protein.

