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INTRODUCTION

* The "core themes" of biology are presented in this unit. These include: (1) evolution, (2) hierarchy of organization, (3) relationships between structure and function, (4) scientific method (science as a way of knowing), and the characteristics of life. 

Taxonomy provides a means of scientifically organizing living things so that they may be analyzed and studied.

Taxonomy Purpose and History

Taxonomy - the science of classification

Aristotle -  first taxonomic system

Plants: trees, shrubs, and herbs

Animals: air-dwellers, water-dwellers, land-dwellers

* System flawed because scientifically valid characteristics were often not used in determining the categories.

Carolus Linnaeus - father of modern taxonomy

Eliminated use of common names

Used Latin as a basis for nomenclature

Created "binomial nomenclature" identifying each organism by their Genus and species, ex. Homo sapiens in which Homo is the genus and sapiens is the species.

Created other taxa for classification purposes: kingdom, phylum, class, order, family, genus, species

Used morphological characteristics as a basis for classification

* The Linnaean system of classification is still in use today.

* Linnaeus was devoutly religious, but his taxonomic system was later to be used to demonstrate the phylogenetic (evolutionary) relationships among living organisms.

* Linnaeus Latinized his own name from Carl Line


Five major kingdoms of life are currently recognized. Many modern taxonomic systems split bacteria (Monera) into several different kingdoms.
Five Kingdoms of Life (KEY)

1. Cell type: 
A. Prokaryotic (P) primitive, lack membrane-bound internal organelles

B. Eukaryotic (E) - true nucleus, membrane-bound organelles

2. # Cells: Unicellular (U), Colonial (C), Multicellular (M)

3. Nutrition: A. Autotrophic (A) - Source of carbon is simple, such as carbon dioxide 


(CO2)

 B. Heterotrophic (H) - Source of carbon is complex, such as

 


carbohydrates, proteins, lipids, or nucleic acids 

	KINGDOM
	MAJOR EXAMPLES
	CELL TYPE
	# CELLS
	NUTRITION

	(1) Monera
	Bacteria
	P
	U
	H

	
	Blue-green bacteria
	P
	U,C
	A

	(2) Protista
	Protozoa
	E
	U
	H

	
	Algae
	E
	U,C
	A

	
	Seaweeds
	E
	M
	A

	(3) Fungi
	Mushrooms
	E
	M
	H

	
	Yeasts
	E
	U
	H

	(4) Plantae
	Mosses, Liverworts, Ferns, Gymnosperms, Angiosperms
	E
	M
	A

	(5) Animalia
	Sponges, Cnidaria, Worms, Arthropods,

Molluscs, Echinoderms, Chordates
	E
	M
	H


Modern taxonomic concepts
Domains


Bacteria


Archaea

Eukaryota
Origin of Life on Earth

* Important Dates in Geological Time:

4.5 billion years ago         -  Earth forms

4.0 - 3.0 billion years ago   -  * Origin of Life

3.5 billion years ago         -  Oldest prokaryotic organisms

1.5 billion years ago         -  Earliest eukaryotic organisms

0.5 billion years ago         -  Earliest animals

* How did life originate ?

1862 - Louis Pasteur (France) disproves the belief in "spontaneous  generation"

1920 - Alexander Oparin (Russia) theorizes about the early atmosphere on earth during the time when life arose. Oparin believed the early atmosphere consisted of water vapor (H2O), hydrogen (H2), methane (CH4), and ammonia (NH3), but no molecular oxygen (O2). This represented an atmosphere that contained not only the four essential elements in biochemistry (carbon, nitrogen, hydrogen, and oxygen), but was also a "reducing atmosphere" that would favor the formation of more complex molecules (carbohydrates, lipids, proteins, and nucleic acids) necessary to form the first cells.

1953 - Stanley Miller (United States) performed experiments to test whether the atmospheric conditions that Oparin suggested would allow the formation of the molecules necessary to form cells. Miller discovered that Oparin's reducing atmosphere was conducive to the formation of carbohydrates, proteins, nucleic acids, and lipids.

Major Events Necessary to the Origin of Life on Earth
1. Atmosphere must contain sources of carbon, hydrogen, oxygen, and nitrogen.

2. Large molecules (carbohydrates, lipids, proteins, and nucleic acids) must form from the smaller compounds in the atmosphere and primitive seas.

3. Cell membranes must form from the large molecules.

4. Genetic machinery must be installed within a cell to control replication and other cell functions.

5. Eukaryotic cells must evolve from prokaryotic cells.

Proposed Early "Cell membranes"
coacervates - first cells had lipid-based membranes as proposed by Oparin.

microspheres - first cells had protein-based membranes as proposed by Sidney Fox.

Origin of the Cell's Genetic Machinery
* Short strands of RNA most likely served as the first genes capable of replicating themselves. Certain proteins may have served as enzymes catalyzing the replication process, and the relationship between nucleic acids and proteins began. DNA would have formed much later to contain the genetic code, and to complete what we now think of as the "normal" genetic sequence in which DNA is transcribed into RNA, and RNA is then translated into a protein.

From Prokaryotic to Eukaryotic Cells
* Prokaryotic cells preceded eukaryotic cells. The present structure of the eukaryotic cell was formed by enfolding the cell membrane. The mitochondria and the chloroplasts present in cells evolved from a bacteria-like organism (mitochondrion) and an alga-like organism (chloroplast) that invaded early cells and developed a favorable (mutualistic) association.

Geological Time
	Era
	Dates
	Description

	Cenozoic
	65 million - present
	Current era; dominant animals include mammals, dominant plants include flowering plants; modern man 

	Mesozoic
	248 - 65 million years ago
	Dominant animals include the dinosaurs; dominant plants include conifers

	Paleozoic
	590 - 248 million years ago
	Dominant animals include amphibians and fish; first vascular plants

	PreCambrian
	4.6 billion - 590 million years ago
	No multicellular creatures; marine creature dominant; origin of prokaryotes and eukaryotes


Viruses

* Viruses are acellular, aggregates of nucleic acids (either DNA or RNA) and protein. The tobacco mosaic virus was the first identified by Iwanowsky (Russian) in the late 1800's when he found that they could pass through the smallest filters designed for bacteria.

Viral Structure
1. genome - consists of either double or single-stranded RNA or DNA

2. capsid - protein coat that encompases the viral genome

3. envelopes - membranous structures associated with the capsids of certain viruses (influenza), derived partly from the host cell

* Viruses require a host cell which may be plant, animal, are bacterium to replicate. Bacteriophage visruses attack bacterial cells. The "T-phages" were bacteriophages that attack E. coli and were among the first studied.

Viral Life Cycle
lytic cycle - viral DNA or RNA is injected into the host cell where it directs the synthesis of more of the viral genome and more viral capsids which are then assembled inside the host cell. The name refers to te fact that the virus then causes the host cell to rupture (lyse) releasing the newly produced viruses.

lysogenic cycle - viral DNA is integrated into the host cell DNA and may be carried for years or may switch to the lytic cycle.

* Bacteria defend themselves through the manufacture of restriction enzymes which break the viral DNA.

Examples of Animal Viruses
1. ds DNA 

A. papilloma virus - warts, cervical cancer

B. herpesvirus - herpes simplex I (cold sores), herpes simplex II ( genital herpes), 
varicella zoster (chicken pox, shingles), Epstein-Barr virus (mono, Burkitt's lymphoma)

C. poxvirus - smallpox, cowpox

2. ss DNA 

A. parvovirus - parvo

3. ss RNA
A. picomavirus - poliovirus, rhinovirus (cold)

B. togaviruses - rubella, yellow fever, encephalitis

C. rhabdovirus - rabies

D. paramyxoviruses - measles, mumps

E. orthomyxoviruses – influenza
F. ebola
G. retroviruses - AIDS, RNA tumor viruses

* Retroviruses have an enzyme reverse transcriptase that converts RNA into DNA which is then spliced onto the host DNA on a chromosome. The host cell's DNA polymerase will then transcribe the viral DNA into mRNA which will either be translated into the protein of which the viral coat is composed, or will become the new viral genome.

* HIV attacks the human t-helper cell which functions in the chain of events that leads to antibody production. Without t helper cells, the B cells canot receive and interpret the critical antigen protein, and therefore cannot synthesize and antibody.

* Vaccines were first developed by the English physician Edward Jenner in 1796 when he found the connection between cowpox and smallpox. Since that time smallpox has been entirely eliminated as a human disease.

Evolution of Viruses
* Probably evolved after first cells, existing originally as fragments of cellular nucleic acid that could move from cell to cell.

Prions
Prion – protein, infectious agents that lack a nuclear genome

Kuru


New Guineau – 1950’s

Bovine Spongiform Encephalopathy (BSE “Mad Cow Disease”)


England – 1980’s

Creutzfeld-Jacob Disease


Kingdoms Monera and Protista

* The Kingdom Monera consists of prokaryotic organisms such as the bacteria and the cyanobacteria (blue-green bacteria); while Kingdom Protista consists of eukaryotic organisms such as the single-celled protozoans (Amoeba, Paramecium), as well as, the multicellular algae.

* Both the Monera and the Protista are extremely important to life on earth. The simplest bacteria may represent the types of organisms that were among the first to evolve on earth. The protists play important roles in food webs throughout the world, while the algae also contribute significantly to photosynthesis.


Kingdom Monera (Bacteria and Blue-green Bacteria)
* Bacteria and blue-green bacteria are composed of prokaryotic cells that contain no membrane-bound internal organelles and no true nucleus.

* Prokaryotic organisms thrive in habitats that are often too hot, cold, acidic, alkaline for eukaryotic organisms.

The Kingdom Monera (Prokaryota) consists of two major groups of organisms, the Cyanobacteria (blue-green bacteria) and the “true bacteria.

* The major bacterial shapes are coccus (spherical), bacillus (rod-shaped), and spirochete (spiral-shaped). 

Common Cocci -   Staphylococcus - staph infections, food poisoning

                 Streptococcus  - strep infections, scarlet fever

                 Neisseria gonorrhoeae - causes gonorrhea

Common Bacilli - Escherichia coli (E. coli) - intestinal bacteria

                 Lactobacillus - ferments milk sugar

Common spirochetes - Treponema pallidum - causes syphilis

* Human diseases caused by various bacteria include bacterial pneumonia, typhus, typhoid fever, tuberculosis, leprosy, bubonic plague, tetanus, botulism, gangrene, cholera.

* Bacteria also perform many beneficial roles including serving as decomposers in nature, recycling nitrogen within ecosystems (nitrogen-fixing bacteria), and producing any number of important industrial products (vinegar, yogurt, alcohol).

Review of Prokaryotic cell structure

1. nuclear region

2. ribosomes

3. cytoplasm

4. cell or plasma membrane

5. cell wall – peptidoglycan

6. capsules or slime layers

7. flagella

* Bacteria do have cell membranes. Most have cell walls made of a material called peptidoglycan. Many of the pathogenic bacteria form protective "capsules" outside of the cell membrane. Many bacteria also from endospores, dormant forms that are capable of withstanding extreme temperature and pH ranges.

* Bacterial motility - bacterial cells may move by three different mechanisms:

1. flagella

2. spiral filaments (spirochetes)

3. gliding

taxis - movement oriented toward or away from a stimulus

1. chemotaxis - positive or negative

2. phototaxis

* Bacterial genetics - bacteria do possess a nuclear region (although not membrane-bound), and both DNA and RNA

* Bacteria have one major chromosome and several smaller, circular sequences of DNA known as plasmids which endow special properties on the bacterium and in many cases can be exchanged with another bacterium in a simple act of sexual reproduction known as conjugation 

* Bacteria reproduce asexually by a process known as binary fission  

* Genetic recombination (sexual reproduction) in bacteria may actually occur by three mechanisms:

1. conjugation - genes (plasmids) transferred directly from one bacteria to another

2. transformation - genes are taken up from the surrounding environment

3. transduction - genes are transferred between bacteria by means of viruses

* Bacterial nutrition:

1. cyanobacteria – autotrophic
2. true bacteria - heterotrophic

* Bacterial metabolism:

1. obligate aerobes - use oxygen for cellular respiration

2. facultative anaerobes - will use oxygen but can also grow by fermentation in anaerobic environments

3. obligate anaerobes - cannot use oxygen (Clostridium) which causes gangrene, botulism, and tetanus

* Nitrogen metabolism - important in nitrogen cycle

1. "nitrogen-fixation" - conversion of atmospheric nitrogen N2, into ammonia (NH3); accomplished by a variety of free-living and mutualistic cyanobacteria

2. Nitrosomonas - converts ammonia (NH3) into nitrite (NO2)

3. "denitrification" - Pseudomonas - converts nitrite into atmospheric nitrogen  

Archaebacteria - genetically different from other bacteria; cell walls lack peptidoglycan, unique cell membranes, live in extreme habitats; include the halophiles and the methanogens which live in marshes and the guts of animals

Survey of Bacteria:

1. Pathogenic bacteria (mode of transmission/ symptoms)

A.  bacterial pneumonia (several spp.)
B. typhus (Ricketsia prowasekii)
C. typhoid fever (Salmonella typhi)
D. tuberculosis (Mycobacterium tuberculosis)
E. leprosy (Mycobacterium lepromatosis)
F. bubonic plague (Yersinia pestis)
G. tetanus  (Clostridium tetani)

H. botulism (Clostridium botulinum)
I. gangrene (Clostridium perfringens)
J. cholera. (Vibrio cholerae)
2. Fungi-like bacteria Actinomycetes - Streptomyces, Mycobacterium; hyphae resemble fungal filaments

3. Chemoautotrophs (nitrogen fixing bacteria) - Nitrobacter, Nitrosomonas; common in soil

4. Nitrogen-fixing bacteria - Azotobacter, Rhizobium which is mutualistic with legumes
5. Cyanobacteria - Anabaena, Nostoc, Oscillatoria
6. Endospore-forming bacteria - Bacillus, Clostridium
7. Enteric Bacteria - facultative anaerobes inhabiting the intestine Escherichia, Salmonella, Vibrio
8. Mycoplasmas - Mycoplasma; lack cell walls, smallest of all cells; saprobes and animal pathogens; "walking pneumonia"

9. Pseodomonads - Pseudomonas; unusual nutrients

10. Rickettsias and Chlamydias - obligate, intracellular parasites; Rickettsias cause Rocky Mountain Spotted Fever and Typhus; which Chlamydias cause NGU (nongonococcal urethritis)

11. Spirochetes - helical cells; Treponema pallidum causes syphilis

Kingdom Protista

* The more than 60,000 known protists vary extensively in cellular anatomy, general morphology, and physiology. The are nearly all aerobic in metabolism, reproduce by both sexual and asexual means, may be heterotrophic or autotrophic, and most have flagella or cilia at some stage of their life cycle. Most constituents of zooplankton and phytoplankton would belong to this kingdom. This kingdom contains the most diverse assemblage of organisms of any of the five major kingdoms.

* Kingdom Protista contains three major sub-divisions:

1. ingestive, animal-like protists - protozoa

2. photosynthetic, plant-like protists - algae

3. absorptive, funguslike protists - slime and water molds

Protozoa - literally "first animals" misnomer, subdivided based on considerations of locomotion or feeding strategy

Phylum Rhizopoda - amoebas and relatives; unicellular; freshwater and marine species; "amoeboid movement" by pseudopodia; free-living and parasitic forms; reproduce by asexual means; Examples include Amoeba proteus, and Entamoeba histolytica which causes amoebic dysentery in humans  

Phylum Apicomplexa (Sporozoans) - parasitic protozoa which enter host by means of structure near apex of organism; disseminate as infectious cells called sporozoites; complex, multi-staged life cycles with sexual and asexual stages often involving several hosts; Examples include Plasmodium which causes malaria (female Anopheles mosquito serves as vector); sporozoites (2N) injected into human host; merozoites invade host red blood cells

Phylum Zoomastigophora (Zooflagellates) - use flagella for locomotion; free-living, parasitic, and symbiotic forms; Examples include Trypanosoma, which requires the tsetse fly as a vector and a cow as intermediate host, causes African Sleeping Sickness; and Trichonympha which lives in the gut of termites and metabolizes cellulose

Phylum Ciliophora - locomotion by cilia; most are freshwater, unicellular forms; Examples include Paramecium which utilizes cilia for locomotion and Stentor which utilizes cilia for collecting food; among the most complex of all cells; Important structures associated with Paramecium include a macronucleus which controls normal metabolic functions of the cell; a micronucleus which functions in sexual reproduction by conjugation; and a contractile vacuole which functions in osmoregulation

Algae - primarily photosynthetic, unicellular or multicellular, plant-like protists; all algae possess Chlorophyll a (the same in cyanobacteria and higher plants) but also possess a variety of accessory pigments including:

1. carotenoids (yellow-orange)

2. xanthophylls (yellow-brown)

3. phycobilins (red and blue)

4. chlorophylls b, c, and d

* Morphology, accessory pigments, and type of starch used as a carbohydrate reserve are major considerations in classifying the algae

Phylum Dinoflagellata - (dinoflagellates) 1100 species; chlorophyll a, c, carotenoids, xanthophylls; starch; abundant constituents of phytoplankton which often cause "blooms"; unicellular with two flagella located within perpendicular grooves; cell wall of cellulose; freshwater and marine; Examples include Gonyaulax which causes "red tides"

Phylum Bacillariophyta - (diatoms) 10,000 species; chlorophyll a, c, carotenoids, xanthophylls; Leucosin starch; two part shell made of silica ("diatomaceous earth"); freshwater and marine forms

Phylum Euglenophyta - (Euglena) 800 species; chlorophyll a, b, carotenoids, xanthophylls; Paramylon starch; one to three apical flagella; freshwater; Euglena can function as a heterotroph or autotroph; Important structures include eyespot (stigma), chloroplasts, and gullet
Phylum Chlorophyta - (green algae) 7,000 species; chlorophyll a, b, and carotenoids; plant starch; two or more apical flagella; cell wall of cellulose; mostly freshwater; ancestral to green plants; exhibit "alternation of generations" characterized by gametophyte and sporophyte generations; Examples include Spirogyra, Ulva, Chlamydomonas, Volvox 

· Multicellular marine Chlorophya would be commonly called "seaweed' along with multicellular membes of the Phylum Phaeophyta and Rhodophyta

· important structures include thallus (body), holdfast, stipe (stem), and blade (leaflike structure); (seaweeds lack vascular tissue and, therefore, do not possess true roots, stems, or leaves

Phylum Phaeophyta - (brown algae) 1,500 species; chlorophyll a, c, carotenoids, and xanthophylls; Laminarin starch; cell wall of cellulose; mostly marine; Examples include kelps; brown algae are useful commercial as thickeners, cosmetic bases, and as fertilizer and animal feed; high in iodine

Phylum Rhodophyta - (red algae) 4,000 species; chlorophyll a, d, carotenoids, phycobilins; Floridean starch; cell wall of cellulose; mostly marine; source of agar

Fungus-like Protists
Myxomycota - plasmodial slime molds; life cycle consists of coenocytic feeding plasmodium alternating with haploid amoeboid cells

Acrasiomycota - cellular slime molds; feeding stage is unicellular and haploid; no coenocytic stage and only zygote is diploid

Oomycota - water molds, white rusts, and downy mildews; Examples include mildew that causes "late blight" of potato famine fame; and the downy mildew that caused root rot in the French vineyards in the 1870's   


FUNGI

Kingdom Fungi - more than 100,000 known species; heterotrophic, eukaryotic organisms; both unicellular (yeasts) and multicellular (mushrooms) forms; found in almost all habitats; free-living and parasitic forms represented

* Fungi perform important roles along with bacteria as decomposers within various ecosystems; they also cause a variety of plant and animal diseases

* Commercial value of fungi includes role in the production of various cheeses; the role of yeast fermentation in wine-making, brewing, and baking; and the production of antibiotics (penicillin). Many mushrooms and truffles are edible.

Fungal Terminology 

hypha - a single filament making up the body of a fungus

mycelium - the mass of filaments (hyphae) of which a fungus is composed

septa - divide fungal hyphae into "cells"; septa contain pores that allow intercellular communication including transfer of cytoplasm, ribosomes, mitochondria, and nuclei

cell walls - composed of chitin

coenocyte - cells fuse in certain fungi forming a continuous stream of cytoplasm and filaments containing many nuclei (as opposed to fungi which are composed of septate hyphae)

* Fungi secrete hydrolytic digestive enzymes and then acquire nutrients through absorption; proteins and other compounds synthesized by the mycelium are transferred by cytoplasmic streaming to the tips of the hyphae; a process that allows fungi to grow very rapidly

* Fungi reproduce sexually or asexually; spores may be produced sexually or asexually; the fungal hyphae are haploid; diploid stage occurs during the sexual phase of the life cycle as cells fuse

Survey of Major Fungal Divisions

1. Division Zygomycota - 600 species; group composed of coenocytic hyphae; reproduction by zoosporangia. Examples include the mycorrhizal fungi which form associations with the root systems of various plants and help the plant with the uptake of water and nutrients (over 95% of vascular plants have mycorrhizae); some also belong to Ascomycota and Basidiomycota; and Rhizopus stolonifera the common black, bread mold

2. Division Ascomycota - 60,000 species; called "sac fungi" because of spore-producing saclike asci
a. yeasts - unicellular fungi capable of fermentation; Saccharomyces cerevisiae; Candida is the causative agent of human yeast infections

b. lichens - mutualistic (more-or-less) associations of an algae (Cyanobacteria) and a fungus (usually an Ascomycete); Examples include "Reindeer moss"

c. ergot of rye - Claviceps purpurea, produces lysergic acid

d. chestnut blight - has virtually eliminated American chestnuts

e. Dutch elm disease - transmitted by bark beetles

f. other - blue-stain fungus transmitted by pine bark beetles; athlete's fungus; ringworm

3. Division Basidiomycota - 25,000 species; called "club fungi" due to the club-shaped basidium, a spore-producing structure found in this group; mushrooms and toadstools; shelf fungi, puffballs, the plant parasites wheat rusts and corn smuts; many edible species including the prized truffles

4. Division Deuteromycota - the "imperfect fungi" due to the absence of a sexual stage; includes Penicillium important in antibiotic and cheese production; and Tolypocladium the source of cyclosporine

Plant Kingdom

* Plants are multicellular, eukaryotic, autotrophic organisms. Approximately 265,000 different types of plants exist today. Plants began the transition to land about 425 million years ago. Plants play a critical role as producers in the world's food webs; using photosynthesis to produce organic biomass and releasing oxygen as an end-product.

* Terrestrial plants carry on gas exchange through pores (stomata) on the surface of leaves. Oxygen and water vapor leave, and carbon dioxide enters through the stomata.  The leaves are covered with a waxy cuticle to prevent desiccation.

* Plant chloroplasts contain chlorophyll a, chlorophyll b, and a variety of yellow and orange carotenoids. Plant cell walls are composed of cellulose. Plants store carbohydrate as starch.

* Nearly all plants reproduce sexually, though many also are capable of asexual modes of reproduction. Alternation of generation occurs in the life cycle of plants, with a haploid, gamete-producing gametophyte stage alternating with a diploid, spore-producing sporophyte stage. Bryophytes (true mosses) have a large, obvious gametophyte stage, but in other plants the sporophyte stage is larger and the gametophyte stage has been reduced.

* The evolution of plants is marked by four major adaptations: (1) the evolution of vascular tissue; (2) the diversification of vascular plants about 400 million years ago with spore production as a means of reproduction; (3) the origin of seed producing plants about 360 million years ago; and (4) the evolution of flowering plants about 130 million years ago. 

Basic Vocabulary
vascular tissue - plant tissues that consist of cells that transport water and nutrients throughout the plant body. The two major types are xylem and phloem.

xylem - vascular tissue that carries water and minerals from the roots to the rest of the plant.

phloem - vascular tissue that carries sugar and organic nutrients (sap) throughout the plant.

gametangium - the gametophyte stage of mosses consisting of a male antheridium and a female archegonium
gametophyte - multicellular, haploid stage of the life cycle that produces haploid gametes that fuse to form the diploid sporophyte

sporophyte - multicellular, diploid stage of the life cycle that through meiosis produces haploid gametes that become the gametophyte
The Classification of Plants (Four major groups exist):

Plant Kingdom

	
	Bryophytes and Relatives
	Pteridophyta (Ferns) and Relatives
	Gymnosperms and Relatives
	Angiosperms and Relatives

	Examples
	Mosses, liverworts, hornworts
	Ferns, Psilotum (whisk fern), Lycopodium, Equisetum (horsetails)
	Conifers, Gingko, cycads
	Flowering plants, grasses, hardwoods

	Vascular tissue (xylem and phloem)
	Nonvascular
	Vascular
	Vascular
	Vascular

	Sporophyte/ Gametophyte
	Gametophyte (N) dominant
	Sporophyte  dominant, small separate Gametophyte
	Sporophyte dominant
	Sporophyte dominant

	Reproduction

(spores or seeds)
	Spores
	Spores
	Seeds
	Seeds

	Reproduction (Fertilization)
	Water
	Water
	Wind

(Pollination)
	Wind/ animals (Flowers)

	Reproduction (Seed/spore dispersal)
	Water/ Wind

Spores
	Water/ Wind

Spores
	Wind

Seeds
	Wind/

animals

(Fruits)

Seeds


Relatives of the four major groups of plants:

Nonvascular Plants – gametophyte stage dominant, no vascular tissue, spores as a means of reproduction

Division Bryophyta       (true mosses)  
   
(10,000 species)






Division Hepatophyta     (liverworts)   
          

(6500 species)

Division Anthocerophyta  (hornworts)    
  
(100 species)

I. Bryophytes and their relatives:

Division Bryophyta (mosses) - lack vascular tissue but have certain adaptations that made a terrestrial existence possible including having a waxy cuticle, and female gametes that develop and are fertilized within a protective gametangia. The male gametangium is the antheridium and the female gametangium is the archegonium. The egg is fertilized within the archegonium and the sporophyte stage grows out of the body of the gametophyte stage.

Because mosses lack vascular tissue they must absorb water by diffusion and capillary action which limits them to shady, moist habitats and a relatively small body size.

1. antheridium

2. archegonium

3. sporophyte

4. gametophyte

* Division Hepatophyta (liverworts) - diminutive plants with lobed bodies ("lobed herbs"), liverworts have a life cycle similar to mosses. They can also reproduce asexually by gemmae which are dispersed when raindrops fall into their protective cups. 

* Division Antherocerophyta (hornworts) - resemble liverworts but have horn-shaped sporophyte stage

Vascular Plants – Seedless – sporophyte stage dominant; small gametophyte present; vascular tissue present; spores as a means of reproduction
Division Psilophyta      (whiskferns)  
   
(13 species)

Division Lycophyta       (club mosses) 
    
(1,000 species)

Division Sphenophyta     (horsetails)  
     
(15 species)

Division Pterophyta      (ferns)       
      
(12,000 species)

II. Ferns and their relatives:

Division Psilophyta (whiskferns) - Psilotum, lacks true roots and leaves, have rhizomes which are underground stems covered with rhizoid hairs. The body plan of the whiskferns probably is similar to the earliest vascular plants.

* Division Lycophyta (lycopods, club mosses, ground pines) - Lycopodium and Sellaginella, the sporangia of Lycopodium are borne on sporophylls, leaves specialized for reproduction. Gametophyte stage is inconspicuous and develops underground. Heterosporous, the megaspores develop into female gametophytes bearing archegonia and the microspores develop into male gametophytes bearing antheridia.

* Division Sphenophyta (horsetails): Equisetum, conspicuous sporophyte, silica in the epidermal cells give these plants a glassy texture. Equisetum was also formerly called "scouring rush" because the glassy texture made them useful for scrubbing pots and pans. Gametophyte stage is small but photosynthetic and free-living.  

* Division Pterophyta (ferns): large sporophyte stage, ferns are widely distributed in the tropics and relatively common in temperate regions. Some of the leaves (fronds) of ferns are specialized sporophylls with clusters of spores called sori on the underside of the frond. The airborne spores are catapulted from the sorus.

1. frond

2. sorus

3. rhizome

Vascular Plants - Seed Producers – sporophyte stage dominant; vascular tissue, seeds as a means of reproduction
Gymnosperms
Division Coniferophyta   (conifers)     
(550 species)

Division Cycadophyta     (cycads)      
(100 species)

Division Ginkgophyta     (ginkgo)      
(1 species)

Division Gnetophyta      (gnetae)      
(70 species) 
III. Gymnosperms and their relatives:

Division Coniferophyta (pines, spruce, firs, larches, cedars, cypresses, redwoods): produce a cone which supports and protects the seed. Most conifers are evergreen and their needle-shaped leaves adapt them to dry habitats. Important source of most of our lumber and pulp paper. The bristlecone pine is one of the oldest organisms (4600 years old), while the redwoods are the largest organisms alive (the "General Sherman" tree has a trunk circumference of 26 m.

In the life cycle of the pine, the sporophyte generation would be represented by the pine tree itself, while the gametophyte generation has been reduced to female (ovulate) and male (pistillate) cones. These plants produce true seeds which consist of a developing embryo, a nutrient supply, and a protective seed coat.

Angiosperms – sporophyte dominant, vasculat plants, seeds, fruits and flowers
Division Anthophyta (flowering plants) 
(235,000 species)

* The angiosperms are extremely important providing all of our fruits and vegetables, and providing medicines, fiber, perfumes, and decorations.

IV. Angiosperms and their relatives:

Angiosperms (flowering plants) - the dominant form of plant life on earth at the present time. Consists of monocots (lilies, orchids, yuccas, palms, grasses, and cereal grains) which have flower parts in multiples of three (3); and dicots (oak, hickory, asters, roses, maples) which have flower parts in multiples of four (4) or five (5).

Angiosperms have well-developed and efficient vascular tissue including xylem (tracheids and vessels) and phloem (sieve tubes and companion cells). 

Four major flower parts may be present: the calyx consisting of sepals that protect the flower; the corolla consisting of petals to attract pollinators; the stamens (male pollen-producing structure consisting of and anther and filament); and the carpel (pistil) (female egg-producing structures consisting of the stigma, style, and ovary).  

Angiosperm Vocabulary
ovule - holds the megasporangium and female gametophyte which produces and egg; the ovule later becomes the seed

ovary - the enlarged base of the pistil, which forms the fruit

fruit - a ripened, thickened ovary of a flower, which protects the seeds and assists their dispersal

pollination - transfer of pollen from microsporangium to female gametophyte

fertilization - fusion of sperm nucleus with egg nucleus
Four Trends in Angiosperm Evolution
1. Number of floral parts has been reduced

2. Floral parts have become fused

3. Symmetry has changed from radial to bilateral

4. Ovary has dropped to a position below the petals and sepals (inferior) where the flowers are better protected

* Flowering plants and land animals have co-evolved to develop many different types of relationships related to pollination and reproduction.


Plant Structure

* Many of the same environmental pressures that helped to shape the transition of animals from an aquatic existence to a terrestrial existence, have affected plant evolution as well. Among the environmental pressures both animals and plants face as the transition to land occurred were:

1. There is greater need to prevent desiccation on land.

2. There is a greater need for vascular tissue or some means of transporting fluids throughout the body on land.

3. There is a greater need for support on land.

4. Not only do plants need support on land, the leaves must also be held up into the sunlight.

plant morphology - the study of the external structure of plants

plant anatomy - the study of the internal structure of plants

* Angiosperms (flowering plants) are by far the most diverse and widespread of all plants. The two major angiosperm classes are:

1. monocots - possess a single seed leaf (cotyledon), ex. corn

2. dicots - possess a double seed leaf, ex. bean
Comparison of Monocots and Dicots 

Characteristic           Monocot                   Dicot                     
1. cotyledons             one                       two

2. leaf venation        parallel                  netlike

3. vascular bundles  scattered through stem    arranged in rings

4. roots               fibrous                  taproot present

5. floral parts     multiples of threes    multiples of fours and fives

Plant structure at the cellular and tissue level:

Compared to animals cells, plant cells have a cell wall consisting of a primary cell wall, secondary cell wall, and middle lamella. The primary cell wall is composed of cellulose, the secondary cell wall of cellulose and lignin, and the middle lamella pectin; chloroplasts that function in photosynthesis; a protoplast consisting of the whole cell excluding the cell wall; a large central vacuole surrounded by a tonoplast; plasmodesmata for intercellular transport; and they lack centrioles. 

Types of Plant Cells

1. parenchyma cells - "typical plant cell" with large central vacuole, no secondary cell walls, and thin primary cell walls. Parenchyma cells carry out most of the metabolic functions of the plant. The flesh of fruit and the photosynthetic mesophyll cells of leaves are modified parenchyma cells.

2. collenchyma cells - lack secondary cell walls but have thicker primary cell walls than parenchyma cells. The cell wall lacks the strengthening protein lignin allowing collenchyma cells to support young stems without restricting growth. The collenchyma cells lengthen as the stem grows.

3. sclerenchyma cells - have thick secondary cell walls strengthened with lignin. Mature sclerenchyma cannot grow and occur in areas where lengthwise growth has ceased. Fibers found in hemp and sclereids found in nutshells, seed coats, and the "grit" in pears are two forms of sclereids.

4. vascular tissue - the water-conducting tissue xylem which is made of tracheids and vessels, and phloem consisting of sieve tubes and companion cells. Tracheids have more of a supportive function, while vessels allow a continuous flow of water. Gymnosperms have only tracheids, while angiosperms have tracheids and vessels which evolved from tracheids.  The phloem sieve tubes conduct sap throughout the plant and because they lack a nucleus or ribosomes are supported functionally by companion cells. 

Three Plant Tissue Types 

1. dermal tissue (epidermis) - derived from protoderm meristem, a single layer of tightly-packed cells that covers and protects the plant. 

2. vascular tissue - derived from procambium meristem, a system of xylem and phloem that functions in transport and support.

3. ground tissue - derived from ground meristem, fills space between epidermis and vascular tissue. Primarily parenchyma cells, but collenchyma and sclerenchyma sometimes present.

* The basic structure of a root, stem, or leaf is an outer layer of dermal tissue, an inner vascular tissue (xylem and phloem), and the tissue that fills the root, stem, or leaf (ground tissue)

Basic plant morphology consists of a root system and a shoot system containing stems, leaves, and flowers both of which are connected by vascular tissue.

Basic floral parts: 

1. flowers

2. roots

3. shoots

4. leaves

I. Flower structure:

1. sepals (calyx)

2. petals (corolla)

3. stamen – anther and filament

4. pistil (carpel) – stigma, style ovary

II. Structure and Primary Growth of Root
1. root cap - protects the root meristem and secretes a polysaccharide that allows the root to move through the soil more easily.

2. zone of cell division - consists of the apical meristem and derivatives. Cells of the apical meristem divide to form the three primary meristems: the protoderm, procambium, and ground meristem which in turn will form the dermal, vascular, and ground tissue respectively.

3. zone of cell elongation - growth occurs by cell elongation up to ten times original length. 

4. zone of cell differentiation - the three tissues systems produced by primary growth complete their differentiation.

Primary Tissues of Roots
1. protoderm - outermost primary meristem which gives rise to the epidermis.

2. procambium - gives rise to the central vascular cylinder (stele). In cross-section, the xylem of dicots forms a cross, whereas the xylem of monocots occurs in a ring. Phloem will alternate between and outside the xylem.  

3. ground meristem - gives rise to the ground tissue which fills the cortex.

endodermis - one-cell thick cylinder that forms the boundary between the cortex and the stele.

pericycle - layer of meristematic cells just inside the endodermis which gives rise to lateral roots.

* From the interior of a root to the exterior you would find the following structures:

stele (xylem and phloem) - pericycle - endodermis - cortex - epidermis 

III. Shoot (stem structure)

Shoot System - consists of vegetative shoots containing the stem and leaves and floral shoots that bear flowers

* A stem consists of nodes where leaves are attached and internodes. A stem also contains axillary buds which is an embryonic side shoot, and terminal buds at the tip of the shoot which will form leaves and/or flowers. The terminal bud usually exerts apical dominance (suppresses growth) on the lateral buds. 

1. bark

2. cork cambium

3. vascular cambium

4. primary xylem

5. secondary xylem

6. primary phloem

7. secondary phloem

8. annual ring

* Modified stems with various functions include the stolons or runners of the strawberry, rhizomes (underground stems) found in irises, tubers illustrated by the white potato, and bulbs of tulips or onions.

IV.  Leaf structure

* A leaf is the major photosynthetic organ of most plants consisting of a blade attached to the stem by a petiole. Leaf morphology varies considerably:

* Leaves have an upper and lower epidermis which protects. Most leaves have a waxy cuticle that prevents excess water loss. Further control of water movement from the plant (transpiration) occurs through the stomata which are flanked by guard cells. The ground tissue of the leaf consists of an upper layer of palisade mesophyll cells and a lower layer of spongy mesophyll cells both of which have numerous chloroplasts and function in photosynthesis. The "spongy" mesophyll also allows the circulation of oxygen, carbon dioxide, and water vapor. The veins of a leaf are actually the vascular bundles consisting of xylem and phloem.

1. epidermis

2. palisade mesophyll

3. spongy mesophyll

4. vascular bundle (vein)

5. xylem

6. phloem

7. stomata

8. guard cells

* Modified leaves with various functions include tendrils of plants such as beans or grape, the spines of cacti, succulent leaves for water storage, and leaves adapted to attract pollinators such as those in poinsettia.

Plant Growth
1. Plant life cycles

2. Primary growth

3. Secondary growth

* Plants that exhibit indeterminate growth continue to grow as long as they live, while plants that exhibit determinate growth cease growing after reaching a certain size.

Meristematic tissue occurs in areas of growth and consists of unspecialized cells that can divide rapidly.  Apical meristems occur in the tips of roots and in buds of shoots allow primary growth to occur, while lateral meristems extending the length of roots and shoots allow secondary growth.

* Generally herbaceous plants lack secondary growth, while woody plants exhibit secondary growth. Wood is actually secondary xylem that has accumulated.

Plant Life Cycles
1. annuals - complete their life cycle from flowering to seed production in a year or less. Examples include cereal grains and most wild flowers.

2. biennials - life span generally spans two years. Examples include beets and carrots.

3. perennials - plants that live many years. Examples include trees and most shrubs.

Primary Growth of Shoots
* The apical meristem of the shoot tip gives rise to the three primary meristems (protoderm, procambium, and ground meristem) which in turn differentiate into the three tissue systems. Growth is due to both cell division and cell elongation within the internodes. 

* Axillary buds have the capacity to form lateral branches. 

* In dicot stems the vascular bundle (xylem and phloem) is arranged in rings with ground tissue (pith) to the inside and ground tissue (cortex) to the outside. The xylem is adjacent to the interior pith and the phloem is adjacent to the exterior cortex. In monocot stems the vascular bundles are scattered throughout the ground tissue of the stem.

Secondary Growth
* Secondary growth consists of the thickening of organs and an increase in the diameter of the plant.  Two lateral meristems function in secondary growth, the vascular cambium that produces secondary xylem and phloem, and the cork cambium which produces the bark that replaces epidermis.

* Secondary growth occurs in all gymnosperms, most dicot angiosperms, but few monocot angiosperms.

vascular cambium - begins as meristematic cells between the xylem and phloem of each vascular bundle. Vascular cambium produces secondary xylem to the inside and secondary phloem to the outside.

cork cambium - located beneath the epidermis, the cork cambium produces cork cells that protect the plant. Bark consists of cork, cork cambium, and phloem. Secondary phloem does not accumulate each year as does secondary xylem. Before it becomes dysfunctional it produces new cork cambium.

* Tree rings consist primarily of secondary xylem. The xylem cells are much larger in early spring when there is much moisture than later in the summer. Thus each "annual ring" is usually quite distinct. In large trees, only the most recently formed xylem (sapwood) functions in water transport. The older xylem (heartwood) becomes filled with resins, gums, and other substances, which helps to support the tree.  

Summary of Growth in a Woody Stem
1. apical meristem - produces three primary meristems

a. protoderm - produces epidermis tissue

b. procambium - produces the primary xylem and phloem and gives rise to the lateral meristem vascular cambium which, in turn, produces secondary xylem and phloem

c. ground meristem - produces ground tissue (pith, cortex); cortex in turn produces the lateral meristem cork cambium which, in turn, produces cork

* Wood would consist mostly of old secondary xylem, while bark would be composed of cork, cork cambium, and phloem.


Transport in plants

1. Types of transport

2. Function of xylem – transpiration-cohesion mechanism

3. Function of phloem – source-to-sink mechanism

Transport in Plants:  Terrestrial plants face many transport problems that were less critical in an aquatic environment. plants must transport water and dissolved minerals from the root system to the leaves, they must transport sap (water and sugar) from the leaves throughout the plant body, and they must release oxygen and water vapor from the leaves while absorbing carbon dioxide.

Review:

* Transport in plants occurs on three levels:

1. cellular level - uptake and release of water and solutes by individual cells (many plant cells have thin primary cell walls and no secondary cell wall)

2. cell-to-cell transport - short distance cell-to-cell transport at the level of tissues and organs

3. long-distance transport - transport of fluids by vascular tissue xylem and phloem

Review of Cell Transport Mechanisms
Passive Transport Processes:

1. diffusion

2. osmosis (hypertonic, isotonic, hypotonic)

3. facilitated diffusion

Active Transport Processes:

4. active transport

* Plant cells use chemiosmosis to establish chemical gradients. Hydrogen ions are pumped out of cells, so that a resting membrane potential is established which is positive on the outside of the cell and negative on the inside. Both the gradient and the charge differential can be used for transport.

* Water has the chemical properties of cohesion and adhesion which will both facilitate transport in a number of situations.

Absorption of Water and Minerals by Roots – “Root pressure”
* Water and minerals enter the plant through the epidermis of roots, cross the root cortex, into the stele, and then flow up the xylem.

* Water and dissolved minerals initially move into the root system because of the hydrophilic cell walls of the root, because of the concentration gradient and positive charge created by the hydrogen (proton) pump, and because of root pressure created by the active and passive absorption of a variety of minerals creating a hypertonic situation inside the root.

* Water and dissolved minerals move into the root and toward the stele (vascular cylinder) by both symplast (cell-to-cell) and apoplast (between cell walls) routes. The water and minerals that have moved cell-to cell (symplast) may then directly enter the stele. Water and minerals that have moved through the root between the cell walls (apoplast) are blocked from entering the stele by the waterproof Casparian strip that connects the endodermal cells. Water must first enter the endodermis for further transport through the xylem. This allows mineral selection to occur.

* Most plant cells have potassium transport molecules on their cell membranes that can facilitate the movement of potassium. Most plant cells are relatively impermeable to sodium. The active transport system that is pumping hydrogen ions out creates a membrane potential that also facilitates the process.

* Water and dissolved minerals that have entered the stele move from the symplast to the apoplast of the tracheids and vessels of the xylem.

transpiration - loss of water through the leaves of plants. 

Movement of Water and Minerals Upward Through Xylem – The transpiration-cohesion method

1. Root pressure created by minerals that have been actively transported into the stele creates a hypertonic environment that pulls water into the xylem. (This only moves the water slightly up in the plant)

2. As water molecules exit through the stomates of the leaves, they pull other water molecules along because of cohesion.

3. Water molecules are also attracted to the sides of the tracheids and vessels by adhesion.

* The transpiration-cohesion-tension model suggests that root pressure accounts for some of the upward movement of water in xylem, but most of the movement is powered by the "pull" of cohesive water molecules as they exit the stomata during transpiration, facilitated by the adhesion of the water molecules to the xylem tracheids and vessels.

* The absorption of sunlight causes transpiration and evaporation of water from leaves which, in turn, causes transpirational pull.

Transport In Phloem – The source to sink method

* Translocation involves the transport of sap (water with dissolved sugar) throughout the plant. The sucrose content of this sap may be 30%.

* Phloem consists of sieve tube cells that transport most of the sap and companion 

cells that support the sieve tube cells metabolically.

* The source-to sink transport model for phloem conductivity suggests that the production of sugar by photosynthesis in the leaves (source) produces a hypertonic situation that pulls water in and increases hydrostatic pressure. The phloem sap moves as much as 1 m per hour due to this high hydrostatic pressure which causes bulk (pressure) flow and pushes the phloem sap toward the organ (sink) that is using the sugar. There will always be a higher concentration of sugar at the source than the sink and,therefore, there will always be a higher hydrostatic pressure.

In many plants the sugar that is produced as a product of photosynthesis is unloaded from the mesophyll cells by a combination of symplastic and apoplastic pathways.

Control of Stomata: Gas Exchange In Plants
* Water transported through the xylem and oxygen produced as a by-product of photosynthesis are lost through the stomata of leaves. Carbon dioxide, necessary for photosynthesis enters through the same openings.

* The stomata in the plant leaf are surrounded by two guard cells that can change shape when water is absorbed or lost and, by doing so, open or close the stomata. A number of factors are apparently involved with the control of the stomata:

1. Hydrogen ions are actively transported into the guard cells which allows the permeable potassium ions to enter the guard cells and, in turn, causes osmosis to occur. The guard cells swell, become turgid, and in doing so open the stomata. Loss of potassium from the guard cells causes water to leave by osmosis which results in the guard cells becoming flaccid and the stomata closing.

2. Light causes the guard cells to open possible by stimulating the ATP-powered proton pumps in the plasma membrane of the guard cell which, in turn, promotes the uptake of potassium.

3. Light also stimulates photosynthesis in the guard cells making ATP available for the active transport of hydrogen ions. 

4. Depletion of carbon dioxide within the air spaces of the leaf can cause the stomates to open. 

5. The stomates also open based on a circadian rhythm.


Plant Nutrition
* In addition to sunlight as the source of energy, plants need a variety of raw materials including water, carbon dioxide, and minerals to carry out photosynthesis.

* essential nutrients - required by plants and cannot be synthesized

1. macronutrients - required in relatively large amounts; include nine elements: carbon, hydrogen, oxygen, nitrogen, sulfur, phosphorus (for organic molecules) and calcium, potassium, and magnesium

2. micronutrients - required in small amounts; include eight elements: iron, chlorine, copper, manganese, zinc, molybdenum, boron, and nickel. Most of the micronutrients function as cofactors to various enzymes in plant metabolism.

Functions of Essential Nutrients In Plants
A. Nine Macronutrients
1. Carbon                       Major components of organic molecules

2. Hydrogen

3. Oxygen

4. Nitrogen                     Nucleic acids and proteins

5. Potassium                   Water balance, opening of stomata,

                                
        Cofactor in protein synthesis

6. Calcium                      Formation of cell walls, maintenance of membrane structure

                                

and permeability, cofactor

7. Magnesium                    Component of chlorophyll, cofactor

8. Phosphorus                   Nucleic acids, ATP, phospholipids

9. Sulfur                       
Protein synthesis, coenzymes

B. Eight Micronutrients
1. Chlorine                     Water balance, chlorophyll

2. Iron                         Cofactor, component of cytochromes

3. Boron                        Cofactor in chlorophyll synthesis

4. Manganese                    Cofactor, amino acid synthesis

5. Zinc                         Cofactor, chlorophyll synthesis

6. Copper                       Cofactor, redox enzymes

7. Molybdenum                   Cofactor, nitrogen-fixation

8. Nickel                       Cofactor, nitrogen metabolism

* Soil is a complex mixture of inorganic and organic components.

* The inorganic components of soil may be classified as sand, silt, or clay in order of decreasing size. Humus would be the decomposing organic constituent of soil.

* Loam soils have a mixture of sand, silt, and clay. The smaller sized particle help to hold water and minerals in the soil, while the larger particles help to aerate the soil and allow water to pass. The organic humus provides fertilizer as it decomposes, helps to hold moisture, and helps to keep the soil particles separate.

* pH of soil plays a major role in the availability of existing nutrients.       


Plant Reproduction and Development

Angiosperm Life Cycle
* Plant life cycles illustrate an "alternation of generations" between a haploid gametophyte and a diploid sporophyte stage. In angiosperms the sporophyte is the dominant stage while the gametophyte stage has been reduced to the pollen grains and the embryo sac both of which are produced within the body of the sporophyte plant.

* The four floral whorls consist of sepals (calyx), petals (corolla), stamens (anther and filament), and carpels (pistils - stigma, style, and ovary).

* Pollination involves the release of pollen grains from the anthers and the transfer of these pollen grains by wind or animals to the stigma of the pistil. 

A "double fertilization" occurs in angiosperms that involves the fertilization of the egg to form the zygote and the fertilization of the polar nuclei to form the endosperm.

Vocabulary Related to Flowers
complete flower - having all four floral whorls

incomplete - lacking one or more floral whorls

perfect - flower has both stamens and pistils

imperfect - flower lacks either stamens or pistils

monoecious - staminate and pistillate flowers are located on the same plant

dioecious - staminate and pistillate flowers on separate plants

Pollen Development
* Within the pollen sacs (male sporangia) of the anthers, microsporocytes undergo meiosis to form four haploid microspores that later mature into pollen grains.

Ovule Development
* Within the ovules (female sporangia) of the ovary, megasporocytes undergo meiosis to produce four haploid megaspores. Only one megaspore survives, which then divides by mitosis to produce eight haploid nuclei (3 antipodal cells, 2 polar nuclei, 1 egg, and 2 synergids). This entire multicellular structure represents the female gametophyte of "embryo sac".

* A pollen grain's nucleus will also divide by mitosis to form a generative nucleus that will give rise to two sperms cells, and a tube nucleus that will form the pollen tube.

The “double fertilization” process in angiosperms:

* Once the pollen grain lands on the stigma carried either by wind or animals, the tube nucleus forms the pollen tube which grows down the style to the ovary attracted by a calcium ion concentration. The tip of the pollen tube grows through the micropyle and deposits the two sperm cells into the embryo sac. One sperm cell fuses with the egg to form the zygote  which will form the embryo and the other fuses with the two polar nuclei to form the endosperm tissue which will nourish the developing embryo until photosynthesis can provide for the plant's nutritional needs.

* After fertilization each ovule develops into a seed and the ovary develops into a fruit enclosing the seeds. 

Structure of Mature Seeds
* In dicot seeds the nutrients of the endosperm are absorbed by the cotyledons

(seed leaves). In monocots the endosperm remains separate from the cotyledon.  

* The embryo and its food supply are enclosed by the seed coat which forms from the integument that surrounded the ovule. In a dicot such as a bean, the embryo consists of a hypocotyl that will become the lower stem, an epicotyl that will become the upper stem and leaves, and the radicle that will become the root. In monocots the coleorhiza is a sheath which covers the radicle, and the coleoptile is a sheath which covers the embryonic shoot.

Development and Types of Fruits
* The mature ovary is the fruit which contains the seeds and assists their dispersal by wind or animals.

simple fruits - derived from a single ovary. Examples include fleshy fruits like the cherry or dry fruits like the pods of beans and peas.

aggregate fruits - develop from a single flower that has many carpels (pistils). Examples include strawberries, raspberries, and blackberries.

multiple fruits - develop from several flowers fused together. Examples include the pineapple.

* Fruits supply an important part of the human diet from the cereal grains rice, wheat, and corn; to the fleshy fruits such as apples, oranges, and tomatoes. 

* A number of environmental factors or cues may be responsible for breaking seed dormancy including being exposed to certain levels of water, light, cold, fire, or even being passed through the digestive tracts of animals.


Plant Hormones
hormones - compounds produced in one part of an organism that are transported to other locations where they produce specific responses.

auxins  - stimulates stem elongation; root growth, differentiation and branching, development of fruit; apical dominance; phototropism and gravitropism

* Auxins are produced in the embryo of seeds and the apical meristems. Active transport of auxins rapidly moves this hormone to sites where it promotes cell elongation.

Effects of Auxins
1. Auxins promote phototropism.

2. Auxins induce apical dominance.

3. Synthetic auxins can be used to produce seedless grapes and tomatoes which 
induces fruit development without a need for fertilization.

4. Synthetic auxins like 2,4-D disrupts the growth pattern of plants. Dicots are more 
sensitive than monocots.

cytokinins - affect root growth and differentiation, stimulates cell division and growth, germination and flowering, delay senescence.

* Cytokinins are produced in roots and transported to other organs.

Effects of Cytokinins
1. Cytokinins stimulate cell division and differentiation.

2. Cytokinins act antagonistically to auxins in freeing axillary buds to grow. Buds 
lower on a stem will begin to develop first.

3. Cytokinin sprays can help to keep cut flowers fresh. They delay aging by inhibiting 
protein breakdown, and stimulating RNA and protein synthesis.

gibberellins - promote seed and bud germination, stem elongation, leaf growth; stimulate flowering and development of fruit; affect root growth and differentiation

* Gibberellins are produce in the meristems of apical buds, roots, and young leaves.

Effects of Gibberellins
1. Gibberellins stimulate cell elongation and division in stems.

2. Gibberellins can produce rapid stem elongation called bolting.

3. Giberellins sprayed on grapes cause the grapes to grow larger and further apart.

4. After water is imbibed gibberellins from the embryo signal the seed to break 
dormancy and germinate.

abscisic acid - inhibits growth; closes stomata during water stress; counteracts breaking of dormancy.

* Abscisic acid is produced in leaves, stems, and green fruit.

Effects of Abscisic Acid

1. Abscisic acid forms bud scales that protect dormant bud during winter.

2. Abscisic acid inhibits cell division in the vascular cambium, thus suspending both 
primary and secondary growth which prepares plant for winter.

3. ABA can inhibit seed germination.

4. ABA can help a plant prevent wilting by accumulating in the leaves and triggering 
potassium loss from guard cells, closing the stomata.

Ethylene - promotes fruit ripening; opposes some auxin effects; promotes or inhibits growth and development of roots, flowers, and leaves depending on species.

* Ethylene is a unique plant hormone in that it is a gas.

Effects of Ethylene
1. Ethylene promotes fruit ripening by promoting the degradation of the cell walls and 
decreasing chlorophyll production.

2. Ethylene also promotes the breakdown of the cell walls of cells in the abscission 
layer at the base of the petiole which cause leaf abscission.

Plant Movements
tropism - growth responses that result in the curving of a plant toward or away from a stimulus

1. phototropism - light (auxins mediate)

2. gravitropism - gravity (statoliths which are specialized starch-containing plastids accumulate on the root's underside which causes auxins also to transported to the underside of the root where the auxin inhibits cell elongation so the root curves downward)

3. thigmotropism - directional movement in response to touch, for example the coiling of a tendril around a twig

rapid plant movements - Mimosa (sensitive plant) rapid leaf folding is a result of a rapid loss of turgor pressure due to the loss of potassium from certain specialized cells at the joints of the leaf
Photoperiodism
1. short-day plants - generally flower when darkness exceeds a critical period. Examples include asters, poinsettias, and other plants that flower in Fall and winter.

2. long-day plants - generally flower in late spring or early summer when night  length is less than critical period. Examples include iris, lettuce, and many cereal grains.

3. day-neutral plants - flower when they reach a certain stage of development regardless of day length. Examples include tomatoes, peas, rice, and dandelions.

· Short-day plants are actually "long-night plants". The length of darkness is the more critical determinant.

·  During the day phytochrome red is quickly converted to phytochrome far-red. During the night phytochrome far-red is slowly converted back to the other form.

Even a short burst of light during the night will cause much of the red form to be converted back to the far-red form so that the plant will "lose track" of time.


The Animal Kingdom

* Animals are multicellular, eukaryotic, diploid, heterotrophic organisms that ingest their food. Animals exhibit motility at least sometimes during their lives, and undergo unique embryonic and developmental stages.

* Approximately one million animals have been identified and classified.

Terminology
symmetry - the shape of the animal

radial symmetry - cylindrical in shape

bilateral symmetry - may be divided into a left and right side

anterior -  front

posterior - rear

dorsal - back

ventral - bottom

germ layers - embryonic tissue from which all other animal tissues arise; the endoderm, mesoderm, and ectoderm

gastrointestinal tract - digestive system, gut

coelom - a true body cavity found in many animals

exoskeleton - outer skeleton

endoskeleton - inner skeleton

segmentation - the subdivision of the body into a series of repeated parts

endothermic - animals that maintain a constant body temperature using heat generated by metabolism

ectothermic - animals that regulate their body temperature by absorbing heat energy

Coelom -  
1. acoelomate

2. pseudocoelomate

3. eucoelomate

Development -
 1. protostomate


              
 2. deuterostomate

Comparison of Major Animal Phyla

Phylum Name   Symmetry  # Germ Layers  Coelom  Proto/Dueterostome 
Porifera

Cnidaria

Nematoda

Platyhelminthes

Arthropoda

Mollusca

Annelida

Echinodermata

Chordata

Comparative Animal Anatomy
!. Digestive systems – complete and incomplete


A. nutritional strategies



1. herbivore



2. carnivore/ predator



3. omnivore



4. scavenger



5. parasite



6. filter feeder

2. Circulatory systems – open and closed

3. Respiratory systems – diffusion, gills, lungs, spiracles and trachea

4. Excretory systems – protonephridia, nephridia, kidneys

5. Skeletal system – endoskeleton and exoskeleton

6. Muscular system – longitudinal, circular, oblique muscle fibers

7. Nervous systems – nerve net, ganglia, central nervous system, ventral and dorsal nerve cords

8. Reproduction


A. sexual and asexual


B. separate sexes and hermaphrodites

Phylum Porifera
A. Examples - the sponges, 5000 species, mostly marine but freshwater forms represented

B. Unique Features - asymmetrical, no true germ layers present, no organs or organ systems, simplest animals

1. choanocyte - "collar cells", function in feeding and reproduction

2. amoebocyte - amoebalike cells that function in digestion, spicule-formation, and reproduction 

3. spicules - skeletal elements of a sponge; may be composed of calcium carbonate, silicates, or spongin

C. Digestion and Nutrition - filter-feeding organisms; collar cells and amoebocytes cooperate with digestive process

D. Locomotion - sessile except during larval stages

E. Defense - spicules

F. Reproduction - sexual or asexual by budding or fragmentation

Phylum Cnidaria
A. Examples - jellyfish, Hydra, Portuguese Man-of-War, sea anemones, corals

B. Unique Features - radial symmetry; possess tissues and some organs; many species possess two unique stages during their life cycles; the stalk-like polyp and the free-swimming medusa; Cnidaria also posses tentacles with cnidocytes or stinging cells

C. Digestion and Nutrition - use tentacles and cnidocytes to ingest  food into the gastrovascular cavity; no true digestive system

D. Locomotion - swimming during medusa stage

E. Defense - cnidocytes and tentacles, exoskeleton around corals

F. Reproduction - sexual and asexual
Phylum Platyhelminthes
A. Examples - the free-living flatworms (planarians), flukes (Schistosoma), and tapeworms (Taenia)

B. Unique Features - flattened, bilateral body plan; acoelomates; free-living and parasitic forms represented; parasitic tapeworms have a scolex or head and body segments called  proglottids
C. Digestion and Nutrition - gastrovascular cavity, free-living and parasitic forms represented

D. Locomotion - have circular and longitudinal muscles 

E. Defense - parasitic forms often have cuticles
F. Reproduction - sexual predominates; most are hermaphroditic, high capacity for regeneration, parasitic forms often have complex life cycles

Phylum Nematoda 

A. Examples - roundworms, approximately 90,000 species known, free-living and parasitic forms represented; soil nematodes, Ascaris (human roundworm), pinworms, hookworms, heartworms, Trichinella
B. Unique Features - rounded body, bilateral symmetry, pseudocoelomates

C. Digestion and Nutrition - free-living and parasitic lifestyles illustrated, complete digestive tract with mouth and anus

D. Locomotion - longitudinal muscles only, move with whip-like motions

E. Defense - parasitic forms often have a protective cuticle
F. Reproduction - sexual dominates, most forms have separate sexes; complex life cycles associated with parasitic forms with intermediate hosts

Phylum Mollusca
A. Examples - more than 100,000 species currently known; includes Gastropods (snails, slugs), Bivalves (clams, mussels, oysters, scallops), and Cephalopods (squid, Nautilus, octopus)

B. Unique Features - body plan consists of a muscular foot, mantle, and visceral mass; respiration by either lungs or gills; relatively complex nervous systems especially in squid and octopus; sensory organs present including eyes

C. Digestion and Nutrition - filter-feeding in clams and oysters, radula used as scraping devise in snails

D. Locomotion - snails glide on muscular foot while squid uses "water jet-propulsion", scallop uses snapping action of shell

E. Defense -  exoskeletons of calcium in certain mollusks

F. Reproduction - almost exclusively sexual; separate sexes and hermaphroditic forms represented

Phylum Annelida
A. Examples - the segmented worms, 15,000 species known; includes the earthworms, polychaete sandworms, and leeches

B. Unique Features - extensive internal and external segmentation, closed circulatory system in most, ventral nerve cord present with ganglia in each segment

C. Digestion and Nutrition - free-living and parasitic forms represented, earthworms remove organic material from the soil while leeches suck blood from their host

D. Locomotion - longitudinal and circular muscles represented

E. Defense 

F. Reproduction - sexual reproduction almost exclusively, hermaphroditic and separate sexes exist

Phylum Arthropoda
A. Examples - largest single phylum in terms of numbers of species (nearly 1 million), includes Insects(bees, ants, beetles, flies), Arachnids (spider, mites, ticks), Millipedes, Centipedes, and Crustaceans

B. Unique Features - possess jointed appendages and chitinous exoskeleton; high degree of segmentation; cephalization; specialized appendages, metamorphosis, molting
C. Digestion and Nutrition - highly diversified; includes predation (spiders), filter-feeding (barnacles), scavenging (crabs), parasitism (ticks); complete digestive systems with complex accessory organs 

D. Locomotion - highly diversified due to jointed appendages and chitinous exoskeleton; wings present in many

E. Defense - highly diversified; includes exoskeleton in all and 

claws, jaws, or fangs in many

F. Reproduction - almost exclusively sexual, separate sexes

Phylum Echinodermata
A. Examples - includes sea stars, brittle stars, sea urchins, sand dollars, and sea lilies

B. Unique Features - "spiny-skinned" animals, radial symmetry, spines are used for protection in most and locomotion in some; unique water-vascular system

C. Digestion and Nutrition - predation (sea star), filter-feeding *sea-lily) 

D. Locomotion - use water vascular system with canals and tube feet

E. Defense - spines, toxins in some

F. Reproduction - sexual and asexual by regeneration and fragmentation

Phylum Chordata
A. Examples - Agnathans (lamprey and hagfish), Chondrichthyes (sharks, rays, skates), Osteichthyes (bony fish), Amphibians, Reptiles, Aves (birds), and Mammals
B. Two “invertebrate” chordates
1. tunicate and lancelet (Amphioxus)
C. Unique Features - (1) dorsal, hollow nerve cord, (2) notochord, (3) gill slits, and (4) post-anal tail; advanced organ systems; tunicates ("sea squirts") or lancelets may represent ancestral form; complex nervous systems and behavior patterns

D. Digestion and Nutrition - varied and complex

E. Locomotion - well-developed mucscular and skeletal systems

F. Defense - varied

G. Reproduction - sexual with predominately separate sexes

Chordate Orders
* There are two invertebrate chordates Amphioxus (lancelet) and the tunicate (sea squirt)
A. Agnatha - "jawless fish"

hagfish

lamprey

B. Chondrichthyes - "cartilaginous fish", rays and skates

sharks

rays

skates

C. Osteichthyes- "bony fish",

 lateral line,

 swim bladder,

 operculum

Role of calcium in bone

D. Amphibians - frogs, toads, newts, salamanders

metamorphosis

E. Reptiles - lizards, snakes, turtles, alligators

 amniotic egg


1. amnion


2. chorion


3. yolk sac


4. allontois
Pit vipers – heat sensitive pit

F. Aves - birds

endothermic

adaptations for flight


1. feathers


2. bones

 
3. air sac

4. single organs


5. endothermy

G. Mammals - monotremes, marsupials, and placental mammals

1. characteristics
2. classification

a. monotremes

b. marsupials

c. placentals


Major Classes and Representative Species

Phylum Name      Classes   Representative Species  Characteristics
Porifera

Cnidaria        
 Hydrozoa

                     
 Scyphozoa

       
            Anthozoa 

Nematoda

Platyhelminthes  Turbellaria

            
     Trematoda

                 
      Cestoda       

Annelida         Oligochaeta

                 
Polychaeta

                 
Hirudinea

Mollusca         Polyplacophora

                 
 Gastropoda

                 
 Bivalvia (Pelecypoda)

                      Cephalopoda  

Arthropoda     Arachnida

                 
Crustacea

                 
Diplopoda

                 
Chilopoda

                 
Insecta

Phylum Name       Classes             Representative Species   
Echinodermata     
Asteroidea

                  

Ophiuroidea

                  

Echinoidea

                  

Crinoidea

                  

Holothuroidea

Chordata    Subphylum Cephalochordata (lancelets)

            Subphylum Urochordata (tunicates)

Subphylum Vertebrata (vertbrates)

                   Agnatha

                   Chondrichthyes

                   Osteichthyes

                   Amphibia

                   Reptilia

                   Aves

                   Mammalia

Phylum Name      Classes     Nutrition  Gas Exchange Circulation
Porifera

Cnidaria         
Hydrozoa

                 

Scyphozoa

                 

Anthozoa 

Nematoda

Platyhelminthes  
Turbellaria

            
     
Trematoda

                 

Cestoda       

Annelida     Oligochaeta

                 Polychaeta

                 Hirudinea

Mollusca     Polyplacophora

                 Gastropoda

                 Bivalvia (Pelecypoda)

                 Cephalopoda  

Arthropoda       Arachnida

                 
Crustacea

                 
Diplopoda

                 
Chilopoda

                 
Insecta
Phylum Name    Classes    Nervous  Muscular Excretory Reproduction
Porifera

Cnidaria         Hydrozoa

                 Scyphozoa

                 Anthozoa 

Nematoda

Platyhelminthes  
Turbellaria

                 

Trematoda

                 

Cestoda       

Annelida         
Oligochaeta

                 

Polychaeta

                 

Hirudinea

Mollusca         
Polyplacophora

                 

Gastropoda

                 

Bivalvia (Pelecypoda)

                 

Cephalopoda  

Arthropoda       
Arachnida

                 

Crustacea

                 

Diplopoda

                 

Chilopoda

                 

Insecta

Phylum Name      Classes     Nutrition  Gas Exchange Circulation
Echinodermata     Asteroidea

                  

Ophiuroidea

                  

Echinoidea

                  

Crinoidea

                  

Holothuroidea

Chordata    Subphylum Vertebrata (vertebrates)

                   Agnatha

                   Chondrichthyes

                   Osteichthyes

                   Amphibia

                   Reptilia

                   Aves

                   Mammalia

Phylum Name    Classes    Nervous  Muscular Excretory Reproduction
Echinodermata     Asteroidea

  
                Ophiuroidea

           
      Echinoidea

                  
      Crinoidea

                  
      Holothuroidea

Phylum Name    Classes    Nervous  Muscular Excretory Reproduction
Chordata    Subphylum Vertebrata (vertbrates)

                   Agnatha

                   Chondrichthyes

                   Osteichthyes

                   Amphibia

                   Reptilia

                   Aves

                   Mammalia

Phylum Name       Classes     Skeletal/Locomotion                 
Porifera

Cnidaria         Hydrozoa

                 
Scyphozoa

                 
Anthozoa 

Nematoda

Platyhelminthes       Turbellaria

                 

Trematoda

                 

Cestoda       

Annelida         Oligochaeta

                      Polychaeta

                      Hirudinea

Mollusca         Polyplacophora

                      Gastropoda

                      Bivalvia (Pelecypoda)

                 Cephalopoda  

Arthropoda       Arachnida

                 Crustacea

                 Diplopoda

                 Chilopoda

                 Insecta

Echinodermata     Asteroidea

                  Ophiuroidea

                  Echinoidea

                  Crinoidea

                  Holothuroidea

Chordata    Subphylum Vertebrata (vertebrates)

                   Agnatha

                   Chondrichthyes

                   Osteichthyes

                   Amphibia

                   Reptilia

                   Aves

                   Mammalia

Human Anatomy and Physiology Part I
ANIMAL TISSUES
I. Animal Tissue Types

A. Epithelial

B. Connective

C. Nerve

D. Muscle

II. Epithelial Tissue

A. Epithelial Tissue terminology

1. # Cell Layers

a. Simple

b. Stratified

2. Shape

a. squamous

b. cuboidal

c. columnar

B. Epithelial Tissue Function

1. Absorption

2. Secretion 

III. Connective Tissue

A. Types

1. Bone - osteocytes

2. Cartilage - chondrocytes

3. Fibrous connective tissue

4. Loose connective tissue

5. Blood

6. Adipose tissue

B. Connective Tissue Functions

IV. Nerve Tissue

A. Neuron - axon, dendrite, myelin sheath, nodes of Ranvier, neurotransmitters

B. Nervous tissue functions

V. Muscle Tissue

A. Types

1. skeletal - striated, voluntary

2. smooth - non-striated, involuntary

3. cardiac - striated, involuntary

B. Muscle tissue functions


DIGESTIVE SYSTEM
I. Review of Biochemistry Relative to Digestion

A. Carbohydrates

1. Monosaccharides

2. Disaccharides

3. Polysaccharides

B. Proteins - amino acids

C. Lipids

1. Triglycerides – glycerol and fatty acids
2. Cholesterol

D. Nucleic Acids

II. Gross anatomy of the Digestive System

A. mouth - salivary glands

1. saliva

2. salivary amylase
3. lysozymes

B. teeth

1. incisors

2. canines

3. molars

C. esophagus

D. stomach

1. gastric juice
a. HCl

b. pepsin
2. cardiac (esophageal) and pyloric sphincter

D. small intestine - pancreas

1. pancreatic enzymes

a. pancreatic amylase

b. lipase

c. trypsin

d. chymotrypsin

e. carboxypeptidase

f. aminopeptidase

g. DNA and RNA nucleases
bicarbonate

gall bladder - bile
2. small intestine enzymes

a. lactase

b. sucrase

c. maltase

3. small intestine - absorption

a. villi

b. hepatic portal circulation

E. large intestine

1. bacterial action - vitamin B and K

III. Nutrition

Nutrition

Essential Nutrients

I. Essential amino acids 

· 20 amino acids are found in protein
· Essential amino acids (9) cannot be synthesized by us

Methionine

Valine

Threonine

Phenylalanine

Leucine

Isoleucine

Tryptophan

Lysine

Histidine

· Animal proteins complete (all amino acids)

· Plant protein incomplete (corn deficient in tryptophan and lysine; beans deficient in methionine) 

II. Essential fatty acids

· Linolenic acid (omega 3 fatty acid)

· Linoleic (omega 6 fatty acid)
These two provide the basis for the longer and more complex DHA and EPA

· Sources of EFA’s include fish and shellfish, seeds, walnuts and flaxseeds, sunflower seeds, leafy vegetables

III. Vitamins

· Organic molecules

· 13 essential vitamins

· Classed as fat soluble or water soluble

Fat soluble vitamins (A, D, E, and K)

Vitamin A


Function – visual pigment retinol, antioxidant cell membranes


Sources – dairy products, green and orange vegetables


(milk, carrots, tomatoes, peppers, fish)


Deficiency – night –blindness

Vitamin D


Function – absorption of calcium and phosphorus


Sources – dairy, egg yolk (can also be produced in human skin) exposure 45 minutes per week on arms and head


Deficiency – rickets (children), bone softening (adults)

Vitamin E


Function - antioxidant, prevents damage to cell membranes; protects against free radicals


Sources – vegetable oils, nuts, seeds


Deficiency – degeneration of nervous system, deficiency symptoms rare

Vitamin K 


Function – blood clotting factors


Sources – green vegetables, green tea, made by bacteria in large intestine


Deficiency – problems with blood clotting

Water Soluble Vitamins

Vitamin B1 (thiamine)


Function – breaking down glucose and other organic molecules 


Sources – pork, legumes, whole grain (white rice deficient)


Deficiency – beriberi (nerve disorders, heart problems) role of polished (white) rice

Vitamin B 2 (riboflavin)


Function – coenzyme FAD (Kreb’s Cycle)


Sources – meat, dairy, enriched grains (cereal)


Deficiency – skin lesions, cracks at corner of mouth

Vitamin B3 (niacin)  

Function – coenzyme NAD and NADP


Sources – meats, nuts, grains


Deficiency – skin and GI lesions

Vitamin B5


Function – component of Coenzyme A


Sources – meat, dairy, whole grains


Deficiency – fatigue

Vitamin B6


Function – breakdown proteins (coenzyme in amino acid metabolism)


Sources – meat, whole grains


Deficiency – muscle twitches, anemia

Vitamin B9 (Folic Acid)


Function – coenzyme in formation of DNA and RNA, necessary for rapid cell growth


Sources – green vegetables, legumes, nuts, whole grains


Deficiency – neural tube defects, anemia

Vitamin B12


Function – maturation of red blood cells


Sources – meat, eggs, dairy


Deficiency – anemia, pernicious anemia

Biotin B7

Function – coenzyme in synthesis of fat, glycogen, and amino acids


Sources – many, meat, legumes and other vegetables


Deficiency – skin inflammation, neuromuscular disorders

Vitamin C (ascorbic acid)

Function – collagen synthesis in bones, cartilage, gums; antioxidant


Sources – citrus fruits, cabbage, green peppers, tomatoes


Deficiency – scurvy (James Lind 1753) degeneration of teeth, gums, blood vessels

IV. Minerals

Calcium

Function – bone and teeth, nerve and muscle function


Sources – dairy, legumes, green vegetables


Deficiency – loss of bone mass

Phosphorus


Function – nucleotide synthesis (ATP and nucleic acids), bone and tooth formation


Sources – dairy, meats, grains


Deficiency – weakness, mineral loss from bone

Sulfur

Function – found in some amino acids


Sources – meat (protein)


Deficiency – protein deficiency

Potassium


Function – nerve function


Sources – meats, dairy, fruits and vegetables


Deficiency – paralysis, heart failure

Chlorine


Function – nerve function, gastric juice


Sources - NaCl


Deficiency – muscle cramps

Sodium


Function – nerve function, water balance


Sources - NaCl


Deficiency – muscle cramps

Magnesium


Function – bone formation, cofactor ATP


Sources – whole grains, green leafy vegetables


Deficiency – nervous system problems

Iron


Function – found in hemoglobin, cofactor


Sources – meat, eggs, legumes, whole grains


Deficiency – anemia, impaired immunity

Fluorine

Function – tooth and bone structure


Sources – seafood, tea, tapwater


Deficiency – tooth decay

Zinc


Function – component of digestive enzymes; protein and nucleic acid synthesis


Sources – seafood, meat, grains


Deficiency – impaired immunity

Iodine


Function – thyroid hormone


Sources – seafood, iodized salt


Deficiency – goiter

Topics in Human Nutrition
Fast Foods

Normal requirements


Calories – 2,000-2,500 daily


Sodium – 2300 mg


Total fat – 60 grams fat


Trans fat – none

Trans fats – 1911 Proctor and Gamble Crisco, Hydrogenated cottonseed oil


Circulation and Gas Exchange
* Organisms must exchange various compounds with their environment such as oxygen, nutrients, and metabolic wastes. For small animals with a high surface area/ volume ratio, simple diffusion can satisfy most of the transport needs. For larger animals special systems evolved for the internal transport of body fluids.

Internal Transport In Invertebrates
a. gastrovascular cavities (Cnidaria)

b. open circulatory systems (Arthropoda/ Mollusca (Bivalvia)

c. closed circulatory systems (Annelida)

d. cardiovascular systems (Vertebrates)

Vertebrate Cardiovascular Systems
A. Components

1. heart - composed of one or more atria and one or more ventricles

2. blood vessels - arteries, veins, capillaries

B. Comparative anatomy

1. fish - 2-chambered heart, single circulatory loop

2. amphibian - 3-chambered heart (2 atria, 1 ventricle), double circulatory 

loop

a. systemic - body

b. pulmonary - lungs and skin

3. reptiles - partially divided ventricle

4. birds and mammals - 4-chambered heart (2 atria, 2 ventricles), double 

circulatory loop

C. Human heart - cone-shaped, size of fist, located just beneath the breastbone

1. pericardia - membrane, surrounds and protects heart, fluid lubricates

a. visceral pericardium

b. parietal pericardium

2. Atria (2) relatively thin-walled, ventricles (2) relatively thick, left ventricles the thickest

3. Heart Cycle

a. systole - heart muscles contract and chambers pump blood

b. diastole - ventricles fill

* Entire heart cycle is .8 second, with about 75 beats per minute resting heart rate

4. Heart valves

a. atrioventricular (AV) valves

1. tricuspid (between right atrium and ventricle)

2. bicuspid (Mitral) valve (between left atrium and ventricle)

b. semilunar valves

1. aortic semilunar valve (from left ventricle)

2. pulmonary semilunar valve (from right ventricle)

* Hydrostatic pressure force valves closed

c. heart sounds and heart "murmurs"

5. Tour of Circulatory System

a. Superior and inferior vena cava

b. right atrium

c. tricuspid valve

d. right ventricle

e. pulmonary semilunar valve

f. pulmonary artery

g. lungs

h. pulmonary veins

I. left atrium

j. bicuspid valve

k. left ventricle

l. aortic semilunar valve

m. body

n. right atrium

6. Heart rate and cardiac output

a. average - 65-75 beats per minute

b. cardiac output= heart rate X stroke volume

7. Excitation and control of the heart

a. sinoatrial (SA) node

b. atrioventricular (AV) node

c. SA node to AV node to Bundle of His to Purkinje fibers

8. Factors affecting heart rate

a. neural stimulation - sympathetic stimulates

b. endocrine - epinephrine

c. temperature

d. exercise  

9. Blood vessel construction and blood flow

a. 3 layers

1. connective tissue

2. smooth muscle

3. endothelium (capillaries consist of only endothelium)

10. Blood pressure - determined by

a. peripheral resistance

b. cardiac output

c. 120 mm Hg/ 70 mm Hg

11. Capillary exchange

a. hydrostatic pressure

b. osmotic pressure

*About 99% of the fluid that leaves the blood in the arterial end of the capillary reenters at the venous end. Lymphatic system handle remaining 1%.

c. edema

D. Pathology and the cardiovascular system

1. kwashiorkor

2. hemophilia

3. sickle cell anemia

4. atherosclerosis

5. hypertension

6. coronary artery disease - embolism

7. cholesterol - HDL and LDL

D. Blood - connective tissue, 45% formed elements, 55% liquid matrix (plasma)

1. Blood cells (erythrocytes, leucocytes, thrombocytes)

a. erythrocytes

1. 1 cubic mm contains 5-6 million RBC's, 25 trillion in 5L of blood; biconcave disk, life span of 3 months. erythropoietin

2. factors affecting RBC production - altitude, erythropoietin

b. leucocytes

1. Granular leucocytes

a. basophils

b. neutrophils

c. eosinophils

2. Agranular leucocytes

d. monocytes (macrophages)

e. lymphocyctes (T cells and B cells)

c. thrombocytes (platelets) - temporary clots

1. fibrin, thrombin

2. Plasma - variety of solutes dissolved in water (90%)

a. electrolytes (salts)

1. sodium, potassium, chloride

2. calcium

3. magnesium

4. bicarbonate

b. plasma proteins

1. albumin

2. fibrinogen

3. immunoglobulin

c. transport substances

1. nutrients

2. metabolic wastes

3. respiratory gases 

4. hormones


Gas Exchange
* Gas exchange supports cellular respiration by supplying oxygen and expelling carbon dioxide.

1. Types of respiratory surfaces/ organs

a. cell membrane

b. outer skin

c. gills

d. trachea (Insects)

e. lungs

2. Anatomy of vertebrate respiratory system

a. pharynx

b. epiglottis

c. trachea

d. bronchi

e. bronchioles

f. lungs

g. alveoli

3. Physiology of gas exchange in lungs

a. negative pressure breathing system

b. musculature

1. diaphragm

2. external intercostals

c. partial pressures of gases

d. physiology of hemoglobin

e. Bohr shift

 Immune System

* The immune system provides a variety of lines of defense against various pathogens including bacteria, viruses, fungi, and parasitic worms.

Non-specific Defenses
1. skin

2. mucous membranes

3. defensive white blood cells (phagocytes)

4. inflammatory response

5. antimicrobial proteins

skin - sebum, perspiration, lysozymes

mucous membranes - often associated with ciliated cells

defensive white blood cells - macrophages and neutrophils

inflammatory response - blood vessels in area become dilated and permeable, chemical intermediaries include histamine,; leukocytosis-inducing factor; pyrogens

antimicrobial proteins - interferon, complement (opsonization)

Specific Immune Response
1. antigen

2. antibody

3. immunity

Types of Immunity
1. active immunity

a. natural (exposed to disease)

b. artificial (vaccination)

2. passive immunity

a. natural (across placenta and antibodies in milk)

b. artificial (inject antibodies)


Humoral Immune Response - production of antibodies (B cells)

1. macrophage (antigen-presenting cell)

2. t helper cell

3. B cell

4. plasma cell

5. antibody - immunoglobulins


A. antibody basic structure consists of a protein made of four polypeptides; two long or “heavy chains” and two short or “light chains”. The base of the polypeptides are a constant region and the tips of the polypeptide are a variable region that give the antibody its specificity

Cell-mediated Immunity - t-cells; cytotoxic t-cells; tissue rejection

Features of Immune System
1. specificity

2. diversity

3. self/ non-self recognition

4. memory

Types of Leucocytes
1. monocytes (macrophages) - phagocytic

2. neutrophils - phagocytic

3. lymphocytes - B cells and T cells; antibody production

4. basophils - secrete histamines

5. eosinophils - produce lysozymes

Immunoglobulins - antibodies; consist of four polypeptide chains (2 light chains and two heavy chains each having a variable and constant region)

1. IgM - pentamer, effective in agglutinating antigens

2. IgG - most abundant of circulating antibodies

3. IgA - abundant in mucous membranes

4. IgD - antigen receptor found on B cells membranes

5. IgE - attach to receptors on mast cells and basophils; stimulate release of histamines

* Primary Immune Response

* Secondary Immune Response

Humoral Immune Response - antigen; macrophage; helper T cell; B cell; plasma cell; antibodies

Antibodies (Modes of Action)

1. neutralization

2. agglutination of particular antigens

3. precipitation of soluble antigens

4. activation of complement

Complement System
1. lyses pathogens

2. stimulates phagocytosis (opsonization)

3. release of histamines

Topics In Immunology
1. Self vs. Non-self Recognition

a. ABO blood groups

b. tissue rejection - major histocompatibility complex (cyclosporine)

c. autoimmune diseases

1. systematic lupus erythrematosis

2. rheumatoid arthritis

3. insulin-dependent diabetes

4. Graves disease

2. AIDS - HIV

a. Kaposi's sarcoma

b. pneumocystis carinii

ENDOCRINE SYSTEM
I. Endocrine System - a system composed of "ductless" glands that secrete hormones which regulate a variety of metabolic processes

A. hormone - chemical messengers that influence the metabolism of recipient cells 

B. Biochemistry of hormones

1. peptide hormones (epinephrine, oxytocin, etc.) - activate enzyme systems; require a "second messenger" such as cyclic AMP

2. steroid hormones (testosterone, estrogen, etc.) - enter cells; activate DNA; transcription and translation

C. Negative and positive feedback systems

II. Endocrine System

A. hypothalamus (stored in posterior pituitary)

1. ADH

2. oxytocin

B. pituitary (anterior pituiatry)

1.TSH (thyroid-stimulating hormone)

2. ACTH (adrenocorticotropic hormone)

3. FSH (follicle-stimulating hormone)

4. LH (luteinizing hormone)

5. PRL (prolactin)

6. Somatotropic (Growth hormone)

7. MSH (melanocyte-stimulating hormone)

C. thyroid

1. thyroxine

2. triiodothyronine

3. calcitonin

D. parathyroid gland

1. PTH (parathyroid hormone)

E. adrenal gland

1. adrenal cortex

a. glucocorticoids (cortisol)

b. mineralocorticoids (aldosterone)

c. sex hormones

2. adrenal medulla

a. epinephrine and norepinephrine

F. pancreas

1. insulin

2. glucagon

G. testes

1. testosterone

H. ovaries

1. estrogen

2. progesterone

I. thymus

1. thymosin

J. pineal gland

1. melatonin

K. digestive tract

1. gastrin - stimulates secretion of gastric juice

2. secretin - stimulates secretion of pancreatic juice

3. cholecystokinin - stimulates secretion of pancreatic juice and flow of bile from gall bladder


Vertebrate Nervous System

* Nervous system controls responses to the external environment and coordinates functins of internal organs

A. Central Nervous System (CNS)

1. brain

2. spinal cord)

B. Peripheral Nervous System (PNS) -12 pairs cranial nerves plus 31 pairs of spinal nerves

1. sensory (afferent division)

   a. somatic sensory neurons - sensory information from skin, muscles, 

joints

   b. visceral sensory neurons - sensory information from internal organs

2.motor (efferent division)

   a. somatic - voluntary, conducts impulses from CNS to skeletal muscles

   b. autonomic - involuntary, conducts impulses to cardiac muscles, smooth 

muscles and glands

 1. sympathetic division - "fight-or-flight" responses

  2. parasympathetic system - "rest-repose" responses

Central nervous system (CNS) - brain and spinal cord

A. brain - center for complex integration of homeostasis, perception, movement, intellect, emotion

B. spinal cord - transmits sensory informationto the CNS, relays motor information from CNS

Neuron
A. axon

B. dendrite

C. Schwann cell

D. myelin sheath

E. nodes of Ranvier

F. telodendria

Nerve Impulse
Resting membrane potential      -70 mvolts

A. depolarization

sodium-potassium pump

membrane potential

threshold stimulus

action potential

B. repolarization

sodium and potassium gates

Neurotransmitters
1. acetylcholine - neuromuscular function

2. biogenic amines (from amino acids)

a. tyrosine

1. epinephrine

2. norepinephrine

3. dopamine

4. serotonin

b. GABA (gamma-aminobutyric acid)

c. glycine

d. endorphins, enkephalins

A. Central Nervous System
1. Brain

2. Spinal Cord

B. Reflex arc
1. Sensory receptor

2. Sensory neuron

3. Interneuron (Association neuron)

4. Motor neuron

5. Effector

C. Brain Structure and Function
1. cerebrum

a. cerebral hemispheres

b. ventricles

c. meninges

d. cerebrospinal fluid

e. functional regions

f. brain lateralization

2. corpus callosum

3. cerebellum

4. medulla oblongata

5. thalamus

6. hypothalamus

7. limbic system

8. reticular activating system

D. Autonomic Nervous System - consists of sympathetic and parasympathetic outflow

	Characteristic
	Sympathetic System
	Parasympathetic System

	1. General action
	fight-or-flight
	rest-repose

	2. Location
	thoracolumbar outflow
	craniosacral outflow

	3. Structure
	short pre- long post-ganglionic fibers
	long pre- short post- ganglionic fibers

	4. Neurotransmitters
	pre - acetylcholine/

post - norepinephrine
	pre - acetylcholine/

post - acetylcholine


Medullary Control Centers
Brain Lateralization - left-brain/ right-brain lateralization

Sensory and Motor Mechanisms

* Sensory receptors allow the input of variety of external stimuli, while motor mechanisms allow the organism to respond.

sensations - Impulses sent to the brain from activated receptors and sensory neurons.

perceptions - The interpretation of sensations by the brain.

Vision - human eye

structure: 
1. sclera

2. choroid layer

3. retina

4. cornea

5. lens

6. ciliary body

7. suspensory ligament

8. iris

9. pupil

10. aqueous humor

11. vitreous humor

12. fovea

13. optic disc

14. optic nerve

path of light - cornea, aqueous humor, pupil, vitreous humor, fovea of retina

signal transduction - photoreceptors

rods - night vision, black-and-white vision

cones - color vision

physiology of black-and-white vision - rods contain rhodopsin (visual pigment) consisting of retinal (light-absorbing portion of molecule synthesized from vitamin A) and opsin (another protein that affects the light-absorbing ability of the retinal). When rhodopsin absorbs light retinal and opsin dissociate from the rhodopsin. This hyperpolarizes the rod, the photoreceptor secretes less neurotransmitter. Light switches off the "dark current" of the rods.

physiology of color vision - each of the three types of cone cells (red, green, and blue) has a unique visual pigment photopsin with a different form of opsin. Other colors are perceived based on the percentages of blue, green, and red cones that are stimulated.

Pathology of the Eye
1. color-blindness - a sex-linked trait

2. myopia - "near-sightedness"

3. hyperopia - "far-sightedness"

4. astigmatism - unequal curvature of cornea

5. cataracts

6. glaucoma

Hearing - human ear

structure: 
1. pinna

2. auditory canal

3. tympanic membrane

4. ossicles (malleus, incus, stapes)

5. oval window to inner ear

6. round window (pressure)

7. auditory (Eustachian) tube

8. semicircular canals

9. cochlea

10. organ of Corti

11. auditory nerve

Physiology of Hearing - hair cells associated with the tectorial membrane of the organ of Corti are stimulated by vibrations resulting in depolarization and the release of neurotransmitters.

1. volume - determined by the amplitude of the height of the sound wave

2. pitch - determined by the frequency of the sound wave

Physiology of Equilibrium - hair cells in semicircular canals, utricle, and saccule of inner ear are stimulated when endolymph moves in response to body movement


REPRODUCTION

Asexual Reproduction - a single organism produces offspring genetically identical to itself

a. fission

b. budding

c. fragmentation

d. gemmules 

e. parthenogenesis - ex. Daphnia (water fleas)

Sexual Reproduction - two individuals produce offspring having a combination of genes inherited from both parents

* In general two haploid gametes (sperm and ovum) fuse to produce a diploid zygote.

* Sexual reproduction increases genetic variabliity; asexual often produces high numbers of offspring

a. social insects -haplo-diploid strategy; altruism

b. hermaphroditism

c. sequential hermaphroditism - ex. wrasses (female first)

Mechanisms of Sexual Reproduction
a. external fertilization - eggs shed and fertilized externally

1. oviparity and ovoviviparity

b. internal fertilization - sperm and egg unite within reproductive tract

* External fertilization provides less parental protection but possibility for greater variation

Comparison of External and Internal Fertilization
	
	External
	Internal

	Habitat
	
	

	Courtship
	
	

	# Gametes/ Zygotes
	
	

	Infant Mortality
	
	


Protection of Embryos
a. gelatinous egg coat

b. amniotic egg

c. mammals

1. monotremes

2. marsupials

3. placental mammals

Vertebrate Male Anatomy
a. male gonads - testes

1. inguinal canal

b. seminiferous tubules

1. spermatogonia

2. Sertoli cells

3. interstitial cells (testosterone)

c. epididymus

d. vas deferens

e. urethra

f. external genitalia - penis and scrotum

g. male accessory glands

1. seminal vesicles (amino acids, mucus, fructose, prostaglandins)

2. prostate gland (alkaline pH)

3. bulbourethral gland (Cowper's)

h. sperm cell

1. head, acrosome

2. middle - mitochondria

3. tail - flagellum

Vertebrate Female Anatomy
a. gonads - ovaries

1. follicles

2. corpus luteum - progesterone

b. Fallopian tubes

c. uterus

d. endometrium

e. cervix

f. mammary glands

1. hormonal control of milk production

estrogen --- prolactin --- oxytocin

Reproductive Cycle of Female

a. menstrual cycle

1. proliferative phase (day 7-14)

2. secretory phase (day 14-28)

3. menstruation (day 1-7)

b. ovarian cycle

1. follicular phase (0-10 days)

2. ovulatory phase (10-15 days)

3. luteal phase (16-28 days)

Hormonal Control of Female Cycles

a. estrogen

b. progesterone

c. FSH

d. LH

e. human chorionic gonadotropin

Animal Development

Embryonic Development (3 component processes)
A. Cell Division

B. Cell Differentiation

C. Morphogenesis

Fertilization - fusion of egg and sperm

A. Acrosomal Reaction - "fast block to polyspermy"; hydrolytic enzymes stored in the acrosome of the sperm are required to break down the jelly-like coat of the egg; bindin proteins of the acrosome tip bind to the vitelline layer just external to the egg cell membrane; sperm and egg plasma membrane fuse and sperm nucleus enters egg

* Fusion of gamete membranes causes change in membrane potential (Na ions rush into egg) which prevents multiple fertilizations

B. Cortical Reaction - "slow block to polyspermy"; gamete fusions causes Ca ions to be released into the cytoplasm; increase of calcium causes vesicles located near the cortex (cortical granules) to release contents into the perivitelline space; this produces several effects:

1. enzymes - loosen adhesive material between egg cell membrane and vitelline membrane

2. macromolecules - in perivitelline space; increase in osmotic pressure causes swelling which further pushes the cell membrane and vitelline layer apart

3. other enzymes - harden the vitelline membrane into fertilization membrane prevent another fertilization

Egg Activation - within 20 minutes the egg and sperm nucleus fuse to form the diploid nucleus of the zygote

Early Embryonic Development
A. Cleavage
B. Gastrulation
C. Organogenesis
Gestation - human pregnancy averages 266 days (38 weeks)

A. 1st trimester

1. fertilizaion

2. cleavage

a. blastula

b. gastrula

3. implantation

a. placenta

b. organogenesis

c. fetus

4. Role of Human Chorionic Gonadotropin (HCG) - maintains progesterone production by corpus luteum

a. Role of progesterone in maintaining pregnancy

B. 2nd Trimester

1. Increase in fetal growth

2. PLacental production of progesterone

C. 3rd Trimester

1. Increased growth of fetus

2. Labor and parturition (birth)

a. Endocrine control - oxytocin and prostaglandins

Chordate Development
A. Derivation of Primary Germ Layers

1. Ectoderm

2. Mesoderm

3. Endoderm

B. Specific Origins of Chordate Features

1. Notochord - derived from dorsal mesoderm

2. Neural Tube - formed from ectoderm

Other Developmental Considerations
A. Totipotency of cells

B. Deuterostomate and Protostomate Lineages

C. Induction

