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1
Life: Biological Principles 


and the science of zoology

Chapter Outline
1.1.
The Uses of Principles
A.
Underlying Principles Central to Understanding Zoology
1.
Laws of physics and chemistry underlie some zoology principles.

2.
Principles of genetics and evolution guide much zoological study.

3.
Principles learned from one animal group can be applied to others. 

4.
Some science methods specify how to conduct solid research. 

B.
Zoology, the Study of Animal Life (Figure 1.1)
1.
Zoologists studying many dimensions base research upon a long history of work.

2.
Two central principles are evolution and the chromosomal theory of inheritance.

1.2. 
Fundamental Properties of Life

A.
Defining Properties of Life
1.
Properties exhibited by life today are different from those at its origin.

2.
Change over time, or evolution, has generated many unique living properties.

3.
Definitions based on complex replicative processes would exclude non-life, but also early forms from which cellular life descended. 

4.
We do not force life into a simple definition, yet we can readily recognize life from a nonliving world.

B.
General Properties of Living Systems
1.
Chemical Uniqueness (Figures 1.2, 2.15)
a.
Macromolecules in organisms are far more complex than molecules in nonliving matter.

b.
They obey the same physical laws as nonliving molecules but are more complex. 

c.
Nucleic acids, proteins, carbohydrates and lipids are common molecules in life.

d.
Their general structure evolved early; thus the common amino acid subunits of proteins are found throughout life.

e.
They provide both a unity based on living ancestry and a potential for diversity.

2.
Complexity and Hierarchical Organization (Figures 1.3, 1.4; Table 1.1)
a.
Life has an ascending order of complexity: macromolecules, cells, organisms, populations and species.  

b.
Each of these levels has an internal structure: macromolecules form ribosomes and membranes, etc. and cells form tissues. 

c.
However, each level has unique abilities and requirements; cells can replicate but are not independent in an organism.

d.
New characteristics that appear at the next level of organization are emergent properties. 

e.
Because of the interactions of the components, we must study all levels directly as well as together.

f.
Diversity of emergent properties at higher levels is a result of evolution (i.e., lower levels without hearing cannot develop language).

3.
Reproduction (Figure 1.5)
a.
Life comes from previous life but had to arise from nonliving matter at least once.

b.
Genes replicate genes, cells divide to produce new cells and organisms produce new organisms sexually or asexually.

c.
Reproduction is not necessary of individuals, but is necessary for a lineage to survive.

d.
Reproduction is a combination of contradictory processes of copying traits, but with variation.

e.
If heredity were perfect, life would never change; if it were wildly variable, life would lack stability.

4.
Possession of a Genetic Program (Figure 1.6)
a.
Nucleic acids encode structures of protein molecules.

b.
DNA stores genetic information in animals.

c.
Sequences of nucleotide bases (A, C, G and T) code for the order of amino acids in a protein.

d.
The genetic code is correspondence between bases in DNA and sequence of amino acids.

e.
This genetic code was established early in evolution and has undergone little change.

f.
The genetic code in animal mitochondrial DNA is slightly different from nuclear and bacterial DNA.

g.
Changes in mitochondrial DNA (it contains fewer proteins) are less likely to disrupt cell functions.

5.
Metabolism (Figure 1.7)
a.
Living organisms maintain themselves by acquiring nutrients from the environment.

b.
Breakdown of nutrients provides both energy and molecular components for cells.

c.
Metabolism is the range of essential chemical processes.

d.
Metabolism involves constructive (anabolic) and destructive (catabolic) reactions.

e.
Most metabolic pathways occur in specific cell organelles.

f.
The study of the performance of complex metabolic functions is physiology.

6.
Development (Figure 1.8) 
a.
Development describes characteristic changes an organism undergoes from origin to adult.

b.
It involves changes in size and shape, and differentiation within the organism.

c.
Some animals have uniquely different embryonic, juvenile and adult forms.

d.
The transformation from stage to stage is metamorphosis.

e.
Among animals, early stages of related organisms are more similar.

7.
Environmental Interaction (Figure 1.9)
a.
Ecology is the study of an organism's interaction with the environment.

b.
Organisms respond to stimuli in the environment, a property called irritability.

c.
We cannot separate life and its evolutionary lineage from its environment.




8. 
Movement 

a. 
Energy extracted from environment permits living systems to initiate controlled movements that are essential for reproduction, growth, response to stimuli, and development.

b. 
Animals are adapted for locomotion which has led to dispersal of entire populations from one geographic location to another over time.

c. 
Movement of nonliving matter is controlled by external forces and thus is dissimilar to purposeful movements exhibited by living systems.

C.
Life Obeys Physical Laws
1.
Vitalism is the belief that life requires more than basic laws of physics; biological research has found no basis for vitalism.

2.
First Law of Thermodynamics (the law of conservation of energy)

a.
Energy cannot be created or destroyed; it can be transformed from one form to another.

b.
All aspects of life require energy.

c.
In animals, chemical energy in food is converted to chemical energy in cells and then converted to mechanical energy of muscle contraction.

3.
Second Law of Thermodynamics
a.
Physical systems tend to proceed toward a state of greater disorder, or entropy.

b.
Energy obtained and stored by plants is released in many ways and eventually lost as heat.

c.
It takes a constant input of usable energy from food to keep an animal organized.

d.
The process of evolution does not violate the second law; complexity is achieved by perpetual use and dissipation of energy flowing into the biosphere from the sun.

e.
Physiologists study survival, growth, reproduction, etc. from an energetic perspective.

1.3. 
Zoology as a Part of Biology (Figure 1.10)

A.
Characteristics of Animals
1.
Animals are a branch of the evolutionary tree of life.

2.
Animals are part of a large limb of eukaryotes, organisms that include fungi and plants with nuclei in cells. 

3.
Animals are unique in nutrition; they eat other organisms and therefore need to capture food.

4.
Animals lack photosynthesis; cell walls found in plants, and also lack absorptive hyphae of fungi.

5.
Species of Euglena are examples of protists that combine properties of animals and plants.

1.4. 
Principles of Science

A.
Nature of Science 

1.
Science is a way of asking about the natural world to obtain precise answers.

2.
Asking questions about nature is ancient; modern science is about 200 years old. 

3.
Science is separate from activities such as art and religion.

4.
The trial over creation science provided a definition of science.

a.
Science is guided by natural law.

b.
Science has to be explanatory by reference to natural law.

c.
Science is testable against the observable world.

d.
Science conclusions are tentative; they are not necessarily the final word.

e.
Science is falsifiable.

5.
Science is neutral regarding religion and does not favor one religious position over another. 

6. 
The reappearance of “creation-science” in the guise of “intelligent-design theory” may force further defense of the teaching of science.

B.
Scientific Method (Figure 1.11)
1.
Criteria for science form a hypothetico-deductive method.

2.
Hypotheses are based on prior observations of nature or derived from theories based on nature.

3.
The scientific method may be summarized in a series of steps: (1) Observation (2) Question (3) Hypothesis (4) Empirical test (5) Conclusions (6) Publication.

4.
Testable predictions are made based on hypotheses.

5.
A hypothesis powerful in explaining a wide variety of related phenomena becomes a theory.

6.
Falsification of a specific hypothesis does not necessarily lead to rejection of a theory as a whole.

7.
The most useful theories explain the largest array of different natural phenomena.

8.
Scientific meaning of “theory” is not the same as common usage of theory as “mere speculation.”

9.
Powerful theories that guide extensive research are called paradigms.

10.
Replacement of paradigms is a process known as a scientific revolution; the evolutionary paradigm has guided biology research for over 150 years.

C.
Experimental Versus Evolutionary Sciences 
1.
Hypotheses can be divided into those that seek to understand proximate versus ultimate causes.

2.
Studies that explore proximate causes are experimental sciences using experimental methods that:

a.
Predict the results of a disturbance based on tentative explanation. 

b.
If the explanation is correct, then the predicted outcome should occur.

c.
If a different result occurs, our explanation is incorrect or incomplete.
3.
Controls are repetitions of an experiment that lack disturbance or treatment.

4.
The sub-fields of molecular biology, cell biology, endocrinology, developmental biology and community ecology rely heavily on experimental scientific methods.

5.
Ultimate causes are addressed by questions involving long-term time spans.

a.
Evolutionary sciences address ultimate causes.

b.
Evolutionary questions are often explored using a comparative method.

c.
Patterns of modern similarities are used to establish hypotheses on evolutionary origins.

d.
Sub-fields include comparative biochemistry, molecular evolution, comparative cell biology, comparative anatomy, comparative physiology and phylogenetic systematics.

1.5. 
Theories of Evolution and Heredity (Figure 1.12) 

A.
Darwin’s Theory of Evolution
1.
Ernst Mayr describes five central theories of “Darwinism.”

a.
Perpetual change: changes across generations are a fact documented in the fossil record. 

b.
Common descent: branching lineages form a phylogeny that is confirmed by expanding research on morphological and molecular similarities. (Figure 1.13)

c.
Multiplication of species: splitting and transforming species produces new species.

d.
Gradualism: small incremental changes over long periods of time cause gradual evolution, but current research is still studying if this explains all changes. (Figure 1.14)

e.
Natural selection: based on variability in a population, the inheritance of that variation, and different survival of those variants, explains adaptation. (Figure 1.15)
2.
Darwin lacked a correct theory of heredity and assumed the current theory of blending inheritance was correct; Mendel’s theory of particulate inheritance became well known only in the very early 1900s.

3.
Darwin’s theory as modified by incorporation of genetics is called “neo-Darwinism.”

B.
Mendelian Heredity and the Chromosomal Theory of Inheritance (Figure 1.16)
1.
Chromosomal inheritance is the foundation for genetics and evolution, as laid down by Mendel.

2.
Genetic Approach (Figure 1.17)
a.
Mendel’s technique involved crossing true-breeding populations.

b.
Production of F1 hybrids and F2 generations showed lack of blending, and masking of recessive traits by dominant traits.

c.
Traits assorted independently unless on the same chromosome.

d.
Expanded research, especially with fruit flies, clarified genetic mechanisms.

3.
Contributions of Cell Biology (Figures 1.18, 1.19)
a.
Improvements in microscopes allowed observation of sperm and location of germ cell line. 

b.
Discovery of chromosome pairs in body cells and single sets in germ cells clarified mode of heredity.

Lecture Enrichment

1.
From the Australian outback to interior New Guinea, all cultures regardless of science education level distinguish living from nonliving substances.  Although this is the first day of classes and students may not have had an opportunity to read the assigned text, they can be led through a query of “what is life?”  They will usually offer: growth, reproduction, response to the environment, metabolism, etc.  Ask whether any one of these aspects alone distinguishes a living organism from nonliving organism.  Note that it is not necessary for an individual organism to reproduce, and indeed most animals hatched or born do not survive to reproduce.

2.
Clay is an example of self-replicating molecular assemblages that do not have the potential variety or the metabolism to be called living.  Quartz is a molecule that can “grow,” “reproduce” and “respond” to light.  Tardigrades can completely suspend metabolism for a century and dehydrate to ten percent of their living water content.  These examples will appropriately muddle the definition of life.  Nevertheless, it is critical in deciding that if we find life on Mars–would we recognize it?  We continue attempts to confirm whether life has ever existed on Mars.  What phenomena would we look for?

3.
Levels of organization can seem rather abstract.  Read job descriptions for biologists (e.g., histologist, population geneticist, community ecologist, etc.).  Ask students what level of organization the scientist studies.

4.
Virtually continuously throughout this course, students can be asked to design an experiment to test a particular hypothesis being discussed.  

5.
Ask students for examples of the scientific method in their everyday lives, such as fixing dinner, determining how to dress for the day’s weather and activities, or handling problems with a car that doesn’t work. 

6.
Students can search local newspapers for examples using the scientific method (e.g., testing consumer products, recalls, reports on medical research, jury decisions based on forensic evidence, etc.).  Bring in a tabloid newspaper making fabulous claims and ask why it does not meet science standards. 

7.
Discuss the difference between scientific observations of the natural world and superstitions such as those associated with Friday the thirteenth and black cats.  Examples involving Bigfoot, the Loch Ness Monster, spontaneous human combustion, living dinosaurs in remote areas, and other modern misbeliefs related to animals are given in the Skeptic and Skeptical Inquirer magazines. 

8.
Discuss why it is possible to prove a hypothesis or theory false but not prove it true.  Be careful not to fall into the postmodernist or constructivist view of science knowledge being merely a mental construct, no better or worse than tribal beliefs, etc. or being tentative to the point of merely awaiting falsification.

9.
Most students believe the world is spherical.  Only students who have flown in the Concorde jetliner have direct observational evidence for this.  Yet they believe the photos by astronauts, and phoning a person in China awakes them in a time zone 12 hours different from us.  Such indirect evidence fortifies the model of a spherical earth.  This illustrates science relies on reasoning to make sense of observational data.  


Commentary/Lesson Plan

Background: Professors that are new to a college or university may consult with veteran professors about the state’s high school biology and other science requirements.  In addition, the proportion of students that come from farm or urban backgrounds will provide a major indicator of student experiences.  Most high school science texts discuss the “scientific method” as a very cookbook or lock-step method.  And most college undergraduates do not have genuine experience with open-ended and purposeful science research, nor the breadth of experience to place limited research experience in a full perspective.

Misconceptions: Many students see science as a body of encyclopedic knowledge and authority, and do not recognize an underlying scientific attitude or process.  Some students have been told that science is only process, and have no appreciation for the role of the general public recognizing germ theory, for instance.  Most citizens view science practiced only by scientists and do not consider the trouble-shooting performed by a medical doctor or mechanic to be in any way “scientific.”  Most consider scientists always “open minded” and do not recognize that experiments often close the door to hypotheses that don’t work out.  In many states, physics classes are not commonly taken in high school; this may be their first exposure to physics and many students will misunderstand the laws of physics as preventing evolution.  A large portion of college students believe that dinosaurs and humans were on earth at the same time, and a similar proportion question the validity of the theory of evolution without much depth of knowledge about it.  A large proportion view evolution as “survival of the fittest” without recognizing that survival is only useful if it promotes reproduction.

Schedule: Students may lack the book assignment the first day of class, but this is the point where an instructor establishes the ground rules of quizzes, testing, whether notes will be given in outline form, etc.  If you use in-class questioning, beginning with “What is Life?” as in Lecture Enrichment #1 above, which can set the pace.

HOUR 1
1.1.
The Uses of Principles

A.
Underlying Principles Central to Understanding Zoology

B.
Zoology, the Study of Animal Life

1.2.
Fundamental Properties of Life

A.
Defining Properties of Life

B.
General Properties of Living Systems

C.
Life Obeys Physical Laws

1.3.
Zoology as a Part of Biology

A.
Characteristics of Animals

HOUR 2
1.4.
Principles of Science  

A.
Nature of Science 

B.
Scientific Method

C.
Experimental Versus Evolutionary Sciences

1.5.
Theories of Evolution and Heredity  

A.
Darwin’s Theory of Evolution

B.
Mendelian Heredity and the Chromosomal Theory of Inheritance 

ADVANCED CLASS QUESTIONS: 

1.
Recent satellite probes as well as meteorite discoveries have been used to search for the possibility of life on Mars.  What properties would scientists look for in currently living life forms?  If life once existed but became extinct, what evidence would still exist that life once existed?

2.
Scientists use the scientific method to gather information about the natural world.  Can this include the past?  Does how a forensics expert reconstructs a crime scene differ in substance from how an evolutionary biologist reconstructs ancient ecology from fossil evidence?  

3.
When utilizing the scientific method, hypotheses can be proven false, but not true.  Does this mean all science is conjecture until disproven?  Can anyone explain the “uncertainty principle” and the ability of scientists to calculate the tolerance limits of their knowledge?

4.
What evidence exists that all living things evolved from a common ancestor?  How does this concept explain the unity of life forms?

5.
Animal ecology experiments can be classified in two general categories:  Ecologists can bring an animal into the laboratory, isolate it in a chamber where they can determine all the environmental conditions affecting it and then alter one variable.  Or, they can study the animal in the wild and attempt to determine why it occurs in certain natural habitats.  Using terms given in the text for science methodology, explain the benefits of both systems. 

Fifteenth Edition Changes: Changes to this chapter are minor, and most have been incorporated in the outline above.

1.     A new example regarding the fish species Cichlasoma minckleyi has been included in the section on gradualism.

2.     The sidebar “Ethics in Animal Research” has been deleted.  

3.     A though question has been added to the review questions.  
4.
A new reference by L. Lebo (2008) that details a legal trial regarding the “intelligent-design theory” has been added.  
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Chapter
2
The Origin and Chemistry of Life 
Chapter Outline
2.1. 
Spontaneous Generation of Life

A.
History
1.
Spontaneous generation was a belief that frogs could arise from earth, mice from rotten matter, etc.

2.
In 1861, Louis Pasteur demonstrated sterilized broth in flasks, even exposed to air, could not spontaneously ferment. 

3.
However, Oparin and Haldane independently proposed a long period of “abiotic molecular evolution” stating life did once arise from nonliving chemistry. (Figure 2.1)

2.2. 
Organic Molecular Structure of Living Systems


A. 
Water and Life (Figure 2-2)



1. Life on earth depends on the properties of water.

a.
Water has a high specific heat capacity; this ability protects organisms from extreme thermal fluctuations.

b.
Water has a high heat of vaporization; this allows terrestrial organisms to cool themselves by removing excess heat.

c.
Water has a unique density behavior; ice is less dense than liquid water. (Figure 2-3)

d.
Water has a high surface tension that lends to its great cohesiveness. (Figure 2-4)

e.
Water has a low viscosity.

f.
Water is an excellent solvent. (Figure 2-5)

B.
Carbon
1.
Organic compounds contain carbon; most are produced in living systems.

2.
Over one million carbon-based molecules have been identified.

C.
Carbohydrates: Nature’s Most Abundant Organic Substance

1.
Carbohydrates contain carbon, hydrogen and oxygen, usually in ratio of 1C:2H:1O as H–C–OH.

2.
Carbohydrates provide structural elements and store energy.

3.
Glucose is commonly found in the blood of animals and is an important immediate energy source for cells. (Figure 2.6, 2.7) 

4.
Cellulose occurs in greater quantities than all other organic materials combined.

5.
Carbohydrates, synthesized by plants by photosynthesis, are the starting point of food chains.

6.
Monosaccharides 
a.
Monosaccharides are simple sugars with a carbon backbone of four, five or six carbon atoms.

b.
Glucose, galactose and fructose all contain free sugar groups. (Figure 2.8)
c.
The hexose glucose is particularly important in life.

7.
Disaccharides (Figures 2.9)
a.
Disaccharides contain two monosaccharides bonded together.

b.
Maltose is formed from binding two glucose molecules and removing one water molecule.

c.
Sucrose (table sugar) is a linkage of glucose to fructose.

d.
Lactose (milk sugar) is a linkage of glucose and galactose.

8.
Polysaccharides 
a.
Polysaccharides are chains of glucose molecules called polymers.

b.
Most have the formula (C6H10O5)n where n is the number of simple sugar subunits.

c.
Glycogen is a polymer of glucose; found in vertebrate liver and muscle cells, it is storage carbohydrate of animals.

d.
Cellulose is the principal structural carbohydrate of plants.

D.
Lipids: Fuel Storage and Building Material 
1.
Lipids are fats and fat-like substances.

2.
Lipids have low polarity; therefore they are insoluble in water but soluble in organic solvents.

3.
Neutral Fats (Figure 2.10)
a.
Stored fats are derived directly or converted from carbohydrates; they are the major animal fuels.

b.
Triglycerides consist of glycerol and three molecules of fatty acids. 

c.
Neutral fats are esters, combining alcohol and an acid.

d.
Fatty acids in triglycerides are usually 14–24 carbons long.

e.
When every carbon in a chain is bonded to two hydrogen atoms, it is saturated.

f.
Unsaturated fatty acids, common in plant oils, have two or more carbon atoms joined by double bonds. (Figure 2.11)

4.
Phospholipids (Figure 2.12)
a.
Phospholipids have a structural role in molecular organization of tissues and membranes.

b.
They resemble triglycerides with one fatty acid replaced by phosphoric acid and an organic base.

c.
Lecithin is an important phospholipid of nerve membranes.

d.
The phosphate group is charged and therefore polar; the rest of the molecule is nonpolar, so phospholipids can bridge both environments.

e.    The term amphiphilic describes compounds, like phospholipids, that are polar and water-soluble on one end and non-polar on the other end. 
5.
Steroids (Figure 2.13)
a.
Steroids are complex alcohols with fat-like properties.

b.
They are biologically important.

c.
Steroids include cholesterol, vitamin D, adrenocortical hormones and sex hormones.

E.
Amino Acids and Proteins 

1.
Proteins are large molecules composed of 20 kinds of amino acids. (Figure 2.14)

2.
Amino acids are joined by peptide bonds.

3.
Two amino acids and a peptide bond form a dipeptide.

4.
With one free amino group on one end and a free carboxyl on the other, additional amino acids can be joined to form a long chain of enormous variety.

5.
Levels of Protein Structure (Figure 2.15)
a.
Primary structure is the sequence of amino acids in the polypeptide chain.

b.
Secondary structure comes from the bond angles of the sequence: alpha-helix and beta sheets. 
c.
Bending and folding of secondary structures forms the tertiary structure, often stabilized by disulfide, hydrogen, ionic and hydrophobic bonds.

d.
Quaternary structure occurs when several polypeptide chains form subunits of a huge protein molecule, as in hemoglobin.

6.
Proteins form much of the framework of the cytoplasm and organelles.

7.
Proteins function as enzymes to catalyze most reactions; cell biology can be studied as protein biology. 

8. 
Prions are infectious proteins that cause the host’s normal proteins to become contorted into abnormal 3-dimensional shapes. 
F.
Nucleic Acids
1.
Nucleic acids are complex polymeric molecules.

2.
Sequence of nitrogenous bases encodes genetic information for inheritance.

3.
They store directions for synthesis of enzymes and other proteins.

4.
They are the only molecules that can replicate themselves.

5.
DNA is deoxyribonucleic acid.

6.
RNA is ribonucleic acid.

7.
Both DNA and RNA are polymers of repeated units called nucleotides, each containing a sugar, a nitrogenous base and a phosphate group.

2.3.
Chemical Evolution

A.
Oparin-Haldane Hypothesis
1.
Aleksander Oparin and J.B.S. Haldane independently proposed a hypothesis of chemical evolution.

2.
They proposed the early atmosphere consisted of simple compounds: water, carbon dioxide, hydrogen gas, methane and ammonia, but lacked oxygen.

3.
The compounds necessary for life are not synthesized outside cells nor are they stable in the presence of oxygen.

4.
Rock evidence indicates virtually no atmospheric oxygen at earliest times; this provided a reducing atmosphere.

5.
Both methane (CH4) and ammonia (NH3) are fully reduced compounds.

6.
Such an atmosphere, with variations in heat and high radiation, was conducive to prebiotic synthesis but unsuited to modern life forms.

7.
Many chemicals would not react without a continuous source of free energy to produce a reaction.

8.
Electrical discharges in lightning today produce a large amount of organic matter. 

9.
Alternative to the “hot dilute soup” scenario is the hydrothermal vent hypothesis, which places these extreme events underwater.

B.
Prebiotic Synthesis of Small Organic Molecules (Figure 2.16)
1.
In 1953, Stanley Miller and Harold Urey tested the Oparin-Haldane hypothesis. 

2.
A mixture of methane, hydrogen, ammonia, and water was circulated past an electric spark, boiled, and condensed; after a week of continuous sparking, approximately 15% of the carbon had been converted to organic compounds.

3.
Many compounds related to life were formed, including four of the amino acids, urea and several simple fatty acids.

4.
Critics contend that the early earth atmosphere may have been different from Miller’s test.

5.
Omitting ammonia and methane resulted in smaller amounts of compounds and required longer time periods.

6.
More recent experiments have clarified the sequences leading through formaldehyde, hydrogen cyanide, cyanoacetylene, etc. that react with water and ammonia or nitrogen to produce a wider array of organic compounds.

7.
The finding of amino acids in meteorites provides additional evidence for their natural abiotic synthesis.

C.
Formation of Polymers
1.
The next state required condensation of amino acids, nitrogenous bases and sugars. 

2.     These polymerizations are condensation (dehydration) reactions

3.
Water tends to drive reactions toward decomposition by hydrolysis. 

4.     In living systems, condensation reactions occur in aqueous (cellular) environments with enzymes. 

5.     Without enzymes and ATP energy, macromolecules soon decompose.
6.
The strongest hypothesis for prebiotic assembly of biologically important polymers is that they 

occurred within the boundaries of semi-permeable membranes formed from small amphiphilic molecules.

7.  Amphiphiles extracted from the Murchison meteoriteform membranous vesicles in aqueous 

solutions (Figure 2.17); fatty acids and long-chained alcohols from meteorites may be possible components of prebiotic membranes.

2.4.
Origin of Living Systems

A.
Self-replicating Systems
1.
Fossils date to 3.8 billion years ago; earliest life form probably originated 4 billion years ago.

2.
Protocells would have been autonomous, membrane-bound units with functional organization that permitted self-reproduction.

3.
On top of previous chemical evolution, nucleic acids were needed as simple genetic systems.

4.
This causes a biological paradox.

a.
How could nucleic acids appear without the enzymes to synthesize them?

b.
How could enzymes evolve without nucleic acids to direct their synthesis?

5.
Their RNA, not protein content, catalyzes translation of mRNA by ribosomes.

6.
Therefore, earliest enzymes could have been RNA, which would have been the earliest self-replicating molecules; thus it would have been an “RNA world.”

7.
Proteins are better catalysts and DNA is more stable; thus they would eventually be selected.

8.
Before this stage, only environmental conditions and chemistry shaped biogenesis.

9.
After this stage, the system responds to natural selection and evolves.

B.
Origin of Metabolism (Figure 2.18)
1.
History of the evolution of complex metabolism is yet to be understood; a model is proposed here.

2.
Autotrophs synthesize their own food; heterotrophs must obtain food from the environment.

3.
Earliest microorganisms are considered primary heterotrophs; they were probably anaerobic and similar to Clostridium bacteria.

4.
They could survive as long as the nutrient soup was abundant; protocells that converted inorganic precursors to a required nutrient would have a selective advantage as nutrients were depleted.

5.
Evolution of autotrophic organisms required gaining enzymes to catalyze conversion of inorganic molecules to more complex ones.

C.
Appearance of Photosynthesis and Oxidative Metabolism

1.
Autotrophy evolves with photosynthesis.
2.
Modern photosynthesis involves carbon dioxide and water to form sugar and oxygen.

3.
Early photosynthesis probably used hydrogen sulfide or other hydrogen sources.

4.
Production of oxygen began building an atmosphere; at 1% of its current level, oxygen begins to form an ozone shield and restrict UV radiation reaching the surface.

5.
Then photosynthetic organisms spread across land and water, increasing oxygen production.

6.
Oxidative (aerobic) metabolism appeared using oxygen as the terminal receptor and completely oxidizing glucose to carbon dioxide and water.

7.
Cyanobacteria, eukaryotic algae and plants have generated our current atmosphere of 21% oxygen.

2.5.
Precambrian Life

A.
Cambrian Explosion
1.
Pre-Cambrian covers time before Cambrian began nearly 600 million years ago.

2.
Most animal phyla appear within a few million years at the beginning of Cambrian: the “Cambrian explosion.”

3.
This likely represents the absence of fossilization rather than abrupt emergence.

B.
Prokaryotes and the Age of Cyanobacteria (Blue-Green Algae)
1.
Primitive Structures of Prokaryotes

a.
A single DNA molecule, lacking histones, is in a nucleoid but not bound by nuclear membranes.

b.
They lack mitochondria, plastids, Golgi apparatus and endoplasmic reticulum.

c.
During division, the nucleoid divides and replicates but does not go through organized mitosis.

d.
Cyanobacteria peaked in abundance one billion years ago; they were dominant for two-thirds of life’s history.

2.
They are classified in kingdom Monera by some taxonomists, and kingdom Eubacteria by others.

3.
Prokaryotes comprise two lineages of very distinct organisms.

a.
Most bacteria are in the kingdom Eubacteria.

b.
Archaebacteria have a unique cellular metabolism, different cell wall chemistry and unique ribosomal RNA. 

C.
Appearance of Eukaryotes (Figure 2.19)
1.
Advanced Structures of Eukaryotes 

a.
A membrane nucleus contains chromosomes composed of chromatin.

b.
There is more DNA, and eukaryotic chromatin contains histones and RNA.

c.
Cellular division usually is an organized process called mitosis.

d.
In the cytoplasm are many membrane-bound organelles.

2.
Fossils suggest eukaryotes arose 1.5 million years ago. (Figure 2.20)
3.
Lynn Margulis and others proposed eukaryotes are a symbiosis of multiple bacteria. (Figure 2.21)

a.
Mitochondria and plastids contain their own DNA.

b.
Nuclear, plastid and mitochondrial ribosomal RNAs show distinct evolutionary lineages.

c.
Plastid and mitochondrial ribosomal DNA is closer to bacterial DNA.

d.
Plastids are closest to cyanobacteria in structure and function.

e.
A host cell that could incorporate plastids or mitochondria with their enzymatic abilities would be at a great advantage.

4. 
Endosymbiotic theory proposes that pre-eukaryotes arose from anaerobic bacteria that served as a host with aerobic bacteria.





a. 
The nucleus and other organelles were derived from infoldings of the cell membrane.





b. 
Aerobic bacteria were ingested or parasitized and came to reside in the cytoplasm.

c. 
A permanent mutualistic relationship developed whereby the aerobic bacteria living in its host would have metabolized toxic oxygen and the host anaerobic bacteria provided food and protection.

d. 
Scientists have collected data and tested this theory and found that it is a reasonable.
5.
Eukaryotes may have originated many times.

6.
Heterotrophs that cropped cyanobacteria provided ecological space for other types of organisms.

7.
Food chains of producers, herbivores and carnivores accompanied a burst of evolutionary activity that may have been permitted by atmospheric changes.

8.
The merging of disparate organisms to produce evolutionary novel forms is called symbiogenesis.

Lecture Enrichment
1.
Some substances have macroscopic images (e.g., sugar, lipids, protein in meat) and the large size of an albumin molecule is apparent in the thick viscosity of egg white, but it is difficult to image something that is primarily nucleic acid, etc. without lab work. 

2.
Note how different molecules such as nucleic acids and proteins may appear different in various life forms but still have the same basic structure to perform the same kind of job.  Why are some molecules essentially the same in bacteria and humans and very different in others?

3.
Draw, use transparencies, slides or video to illustrate the different isomeric forms of the hexose sugars glucose, fructose, and galactose, and reasons for their different characteristics.  Show how the structures fit into enzymes and why different enzymes would be needed to interact with different isomers.

4.
Speculate what would happen if genetic engineering gave humans the ability to directly digest cellulose.  Would this be useful or not?  Ask students to consider the structure of our digestive tracts and the current use of cellulose as roughage.

5.
Describe how denaturation affects the different levels of a protein’s structure.  Which levels would be most affected by denaturation?  Contrast denaturation caused by heat (cooking food) as opposed to mild denaturation caused by reversible pH changes.

6.
Compare the bonds that link the carbohydrates, lipids, proteins and nucleic acids.  Consider the size of the final molecules and which ones are branched and unbranched.  Prepare students for the link between the information in DNA, RNA and proteins that will be discussed later.

7.
Early researchers probing the possibility of life on other planets speculated that it might be based on another atom besides carbon—perhaps silicon.  Ask students to consider the chemical properties of silicon compared to carbon and speculate on how this might make life different or impossible as we know it.

Commentary/Lesson Plan
Background: There is substantial chemical knowledge assumed in this chapter, including references to rather remote properties of clay soil and microspheres.  Most discussion of basic carbohydrates, lipids and proteins should constitute review from previous biology coursework in high school and college. 

Misconceptions: Students may assume that most major breakthroughs are made by the U.S. science establishment; both J.B.S. Haldane (British) and Aleksander Oparin (Russian) were not Americans.  How we view the world determines what we believe and what we believe determines how we view the world; thus anti-evolutionists focus on detecting contradictions and paradoxes in evolutionary theory, but the ribozyme/RNA world discovery demonstrates how some logical dilemmas resolve themselves.  Students often only relate “polymer” with plastic, but the monomer-polymer concept for cellulose, chitin, etc. is equivalent.  Many students will find it “intuitive” that the first cells had to be autotrophic.

Schedule: The speed of coverage of this chapter will vary considerably depending on the general chemistry background of students.  Some understanding of basic chemistry is critical to appreciating the roles of organelles in the next chapter.

HOUR 1
2.1.
Spontaneous Generation of Life
A.
History

2.2.
Organic Molecular Structure of Living Systems
A.
Carbon
B.
Carbohydrates

C.
Lipids
D.
Amino Acids and Proteins

E.
Nucleic Acids


HOUR 2
2.3.
Chemical Evolution

A.
Oparin-Haldane Hypothesis

B.
Prebiotic Synthesis of Small Organic Molecules

C.
Formation of Polymers

2.4.
Origin of Living Systems

A.
Self-replicating Systems

B.
Origin of Metabolism

C.
Appearance of Photosynthesis and Oxidative Metabolism

2.5.
Precambrian Life

A.
Cambrian Explosion

B.
Prokaryotes and the Age of Cyanobacteria (Blue-Green Algae)

C. Appearance of the Eukaryotes


                












    2.6.
A.
Symbiogenesis

ADVANCED CLASS QUESTIONS: 

1.
The atoms and bonds within a molecule determine its chemical and physical properties.  Compare fats that contain mostly saturated fatty acids with oils that contain mostly unsaturated fatty acids to demonstrate this concept.
2.
The properties of a molecule determine the role that the molecule plays in the cells or the body of an organism.  Why are phospholipids useful in membranes? 
3.
Ask why life is based on carbon.  Note the characteristics of carbon that could be responsible for this usage.  Ask students to speculate why silicon, with four electrons in its outer shell, would function as the basis of life.
4.
Query how the amount of ATP used in one day can exceed by many times the amount of ATP in the human body.
5.
Ask if condensation and hydrolysis reactions would be exact opposites of each other.  Point out that these reactions are not generally one-step processes, but require several steps and several enzymes to carry out the complete reaction.
6.
Discovery of liquid water under the frozen surface of a distant moon in our solar system has caused scientists to speculate on the possibility of life on that moon.  Researchers hold little hope of any familiar life form existing on any planet or moon in the absence of water.  Why?
7.
Life has a chemical and physical basis.  Give an example from your knowledge of nutrition, medicine or the environment to show that this concept has everyday applications.
8.
Atomic structure involves electronic energy levels.  Show that living things are dependent upon the energy relationships of electrons.
9.
So far, for every molecule that life forms can put together, such as cellulose or chitin, there are bacteria that can digest them into sugar and other smaller molecules.  What would happen if a tree or insect could build a complex molecule that no organism or natural process could decompose?
10.
Many insects feed exclusively on one type of food such as plant sap (primarily sugar), blood proteins or starch.  Yet these organisms are themselves made of a wide range of molecules.  Where does this molecular diversity come from?

Fifteenth Edition Changes:  Changes below have been incorporated into the outline.  Other changes to this chapter were minor in nature.
1.
The term amphiphilic was added and defined in the section on phospholipids. 

2. 
The section “Formation of Polymers” was revised.

3.
Figure 2.17 was revised.

4. 
A thought question was added to the review questions.

5.     The following references were updated: Conway; Legninger et al; Lodish et al.  The following references were deleted: Orgel; Rand; Wainright et al; Waldrop.  The following references were added: Deamer et al on amphiphilic molecules; Glansdorff et al on the most recent common ancestor of life.

Source Materials
[Bold = recommended]
Acids and Bases (FH), 14-min. video

Acids and Bases (PLP), Apple, MS‑DOS

All About Acids and Bases (CBSC), 65-min. filmstrip (498731V)

All About Science II (Q), Mac, MS‑DOS CD

The Atom (CAM), Mac, MS‑DOS 

The Atom (HH), 36-min. video

The Atom that Makes a Difference [Carbon] (FH), 26-min. video
Atoms to Anatomy (VDISC) laserdisc

Atoms and Elements (PLP), Apple, MS‑DOS

Basic Biochemistry of Life (CBSC), Mac, Win, MS-DOS CD

Basic Chemistry for Biology Students (HRM) (IM) 21-min. video

Beaker (CAM), Mac, MS‑DOS 

Biochemistry  (IM) (SK&BL) Mac, Win, MS‑DOS CD

Biochemistry: Chemistry of Living Things  (EDVO), MS‑DOS and Mac CD

Biochemistry of the Immune System (CAM), Apple, Mac, MS‑DOS 

Chemaid (CSG), Mac

Chemical Bond and Atomic Structure (PHO), 16-min. video

Chemistry of Carbohydrates, The (ei), video

Chemistry of Life (CBSC), 24-min. video

Chemistry of Proteins, The (ei), video

Cycles of Life: Exploring Biology–Chemical Foundations of Life (A-CPB), 30-min. video

Desktop Molecular Modeler, Schools Version (OX), MS‑DOS CD

DNA/RNA Builder (STAT), Mac

DTMM Structure Library: Biomacromolecules (OX), MS‑DOS CD

DTMM Structure Library: Biochemistry (OX), MS‑DOS CD

DTMM Structure Library: Organic Chemistry (OX), MS‑DOS CD

DTMM Structure Library: Pharmacology (OX), MS‑DOS CD

Functional Chemistry in Living Cells (PLP), 60-min. video

Living Cells (AIMS), Mac, Win CD-ROM, 19-min. video, laserdisc  

Molecular Recognition (PHO), 36-min. video

The Molecular Building Blocks of Life (PLP), 13-min. video

Molecular Biology (CAM), Win, Mac CD

Molecular Structures in Biology (OX), MS‑DOS CD

Molecules (STAT), Mac

NOVA: The Shape of Things (MBI) (WGBH), 60-min. video

NOVA: The Universe Within (MBI) (WGBH), 90-min. video

Nucleic Acids (PLP), MS‑DOS

Organic Reaction Mechanisms (CAM), Mac, MS‑DOS 

Oxygen: What a Gas! (HRM), 29-min. video

Proteins: Structure and Function and The Genetic Code (JLM), 60-min. video

The World of Chemistry–Carbon  (A-CPB), 30-min. video

The World of Chemistry–Proteins: Structure and Function  (A-CPB), 30-min. video


The World of Chemistry–Water (A-CPB), 30-min. video
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