Biology 1000
Chapter 2 Readings and Notes 

2.1a Seven Characteristics that All Forms of Life Share
· 1. Display Order: all life are arranged in a highly ordered manner w/ cell being the fundamental unit of life 
· 2. Harness and Unutilized energy: all life acquire energy from the environment and use it to maintain their highly ordered state 
· 3. Reproduce: All life can make more of their own kind
· 4. Respond to Stimuli: All life make adjustments to their structure, function, and behaviour in response to changes to external environment. 
· I.e. plant adjust pore on surface of a leaf to regulate gas exchange 
· 5. Exhibit Homeostasis: Organisms are able to regulate their internal environment such that conditions remain relatively constant
· 6. Growth and Development: All organisms increase in size 
· 7. Evolve: Populations of living organisms change over the course of generations to become better adapted to their environment 
· Most scientist do not consider a virus alive b/c it cannot reproduce independently and must depend on another living cell 

2.1b The Fundamental Unit of Life is the Cell 
· Cell Theory
· 1. All organisms are composed of one or more cells 
· Prokaryotes contain only one cell, however still able to carry all life activities (unicellular) 
· In Multicellular organisms, task are divided among the specialized cells 
· 2. Cell is the smallest unit that has the properties of life 
· If cells are broken up, they are unable to do anything 
· 3. Cells arise only from the growth and division of preexisting cells
· New cells can only be created from division of preexisting cells and not DNA or RNA

2.3a The Origin of the Information System
· Deoxyribonucleic acid (DNA): double-stranded, helical molecule containing a unique alphabet, providing instructions for creating important components of cell organism from simpler molecules 
· How to make protein 
· Enzymes are required to catalyze the replication of DNA, transcription of DNA to RNA, and finally translation of RNA 
· 1. DNA is copied onto molecules of a related substance, ribonucleic acid RNA 
· 2. RNA directs the production of protein 

2.3d The Development of Energy Harnessing Reaction Pathways 
· Early metabolism was based on re-dox reactions 
· In human cells, we oxidize food and use that energy (electrons to reduce other molecules 
· As part of the energy harnessing reactions, ATP is the coupling agent that links energy-releasing reactions to those requiring energy 



2.4a Earliest Evidence of Life 
· Stromatolites: types of layered rock formed when microorganism bind particles of sediment together, forming thin sheets
· Earliest evidence of life 
· Modern day stromaolites are formed by a group of photosynthetic prokaryotes called cyanobacteria 
· Other ways for evidence of life is to look at carbon composition of ancient rocks  

2.4b Could Life Have Come to Earth From Space?
· Panspermia: name given to hypothesis that very simple forms of life are present in outer space and may have seeded early earth 
· Earth was form 4.6 billion years ago and there are evidence of life 3.5 billion years ago and chemical evidence 3.9 billion years ago. This can be due to the fact that the earth had to cool down after formation 
· Research has shown that life is far more resilient and could possibly survive for years in space 
· Extremophiles can survive in harsh conditions and survive in interstellar space 
· Spores are highly resistant to changes in external environment and can be restored to active growth after exposure to extreme factors 

2.4c Prokaryotes Have Properties Common to All Cells 
· All forms of life are based on two types of cells: prokaryote (no membrane) and eukaryote 
· All cells posses a permeable plasma membrane, separating the external environment from the cytoplasm (consist of cytosol, which is mostly water, salts, and various organic molecules, along with various structural features w/in the cell, including organelles) 
· Plasma membrane contains protein complexes that transport material in/out of the cell as well as protein complexes that form ETC to synthesize ATP 
· Photosynthetic prokaryotes harvest light energy for synthesis of energy-rich molecules 
· DNA in prokaryote and eukaryote is organized into chromosomes 
· Instead of a nucleus, prokaryotes contain nucleoids

2.4d Prokaryotes Display Remarkable Diversity 
· Prokaryote cells are about 10 times smaller than eukaryote cells and contain less internal membrane organizations 
· Prokaryotes are biochemically more versatile than eukaryotes and outnumber all other type of organisms 

2.4e Oxygenic Photosynthesis and the Rise of Atmospheric Oxygen 
· Earliest prokaryotes relied on anaerobic metabolism as earth lacked oxygen 
· Atmospheric O2 was created from a rock called banded iron formed in the sediments of lakes and oceans as dissolved oxygen reacted w/ dissolved iron forming iron oxide (rust) 
· Cyanobacteria harnessed electrons from water. However, the “splitting water” resulted in the formation of O2, which was then released over millions of years into the atmosphere
· Rise in atmospheric O2 led to rapid evolution of prokaryotic cells, which were able to undergo aerobic respiration 
· Oxygenic Photosynthesis: photosynthesis that relies on oxidation of water 




2.5 Eukaryotic Cells 
· Characteristics that distinguish eukaryotes from prokaryotes
· Separation of DNA and cytoplasm by a nuclear envelope
· Presence in the cytoplasm, each with specialized functions
· Mitochondria, chloroplast, endoplasmic reticulum (ER), Golgi complex
· Specialized proteins that move cells and internal cell parts 

2.5a The Endomembrane System is derived from the Plasma membrane 
· Eukaryotes are characterized by endomembrane system (collection of interrelated internal membranous sacs that divide the cell into organelles)
· Includes nuclear envelope, ER, and Golgi complex 
· Formation of nuclear envelope and ER is from endocytosis from fragments of the plasma membrane 
· Endomembrane system is connected by vesicles (small membrane-bound sacs that transfer substances between parts of the system) 
· Nuclear Envelope: moves protein and DNA in/out of nucleus 
· ER and Golgi Complex: Synthesis and modification of proteins (including transporting them in/out of cell), synthesis of lipids, detoxification of harmful compounds (lysosomes)  
· Endoplasmic Reticulum: Interconnected network of membranous channels and vesicles 
· Each vesicle formed by lumen of the ER 
· Rough ER (ribosomes on exterior surface)
· Proteins synthesized are specified for plasma membrane or for release out of cell  
· After synthesized, are folded into final form in lumen 
· Proteins transferred to plasma membrane by vesicles that pinch off from ER and move to Golgi complex 
· Smooth ER (no ribosomes on exterior) 
· Synthesis of lipids, which become part of cell membrane 
· Proteins made by ribosomes in cytosol either move to nucleus through nuclear pores or become parts of organelles (mitochondria, chloroplast, cytoskeleton, and other cytoplasmic structures) 
· Golgi Complex: stack of flattened membranous sacs
· Located between rough ER and plasma membrane 
· Receives proteins made in ER in vesicles
· Modifies proteins, which are packed into vesicles from the complex facing the plasma membrane 
· Regulates movement of certain proteins 
· Some released out of cell (exocytosis), some embedded in plasma membranes, and others placed in lysosomes 

2.5b The Theory of Endosymbiosis Suggest that Mitochondria and Chloroplast Evolved from Ingested Prokaryotes 
· Another characteristic of eukaryotes are it’s energy-transducing organelles 
· Chloroplast and mitochondrion 
· Theory of endosymbiosis: prokaryotic ancestors of mitochondria and chloroplast were engulfed by larger prokaryotes forming a mutually advantageous relationship (symbiosis), eventually becoming inseparable parts of the same organism 
· Mitochondria carry out aerobic respiration 
· Thought to be that ancestors were free-living aerobic prokaryotes 
· Able to generate far more ATP than anaerobic prokaryotes and endosymbiosis of aerobic cells would also give large anaerobic cells a distinct energy advantage compared to other anaerobic cells 
· Chloroplast also derived from endosymbiotic events involving cyanobacteria 
· Are photosynthetic, thus able use sunlight as a source of energy
· In addition, can carry out oxygenic photosynthesis, thus host cell can easily supply water needed to drive photosynthesis 
· Virtually all eukaryotes contain mitochondria and only plants contain both mitochondria and chloroplast.
· Illustrates that endosymbiosis occurred in stages, where mitochondria occurred first
· When eukaryotic cells developed ability for aerobic respiration, some became photosynthetic after taking up cyanobacteria (plants and algae of today) 

2.5c Several Lines of Evidence Support the Theory of Endosymbiosis
· Mitochondria and chloroplast were said to be descendants of prokaryotes, thus have distinct prokaryote characteristics that eukaryotes don’t have 
· 1. Morphology: form and shape of mitochondria and chloroplast are similar to aerobic prokaryotes and cyanobacteria 
· 2. Reproduction:  Cell cannot make mitochondria/chloroplast (they are derived only from preexisting mitochondria/chloroplast) 
· Divide through binary fission (same as prokaryote cells) 
· 3. Genetic information: Both mitochondria/chloroplast contain DNA which codes for the proteins essential for organelle’s function 
· Much of the genes of the organelle has been relocated in the nucleus due the fact that the host cell has better control on the overall cell function 
· 4. Transcription and Translation: Both mitochondria/chloroplast contain a complete transcription and translational machinery, including a variety of enzymes and ribosomes necessary to synthesize protein encoded by their DNA . 
· Ribosomes of prokaryotes are distinctively different from eukaryotes 
· 5. Electron Transport: Similar to free-living prokaryotes, mitochondria/chloroplast can generate own energy in form of ATP through ETC 

2.5d The Cytoskeleton Supports and Moves Cell Structures 
· Cytoskeleton: interconnected system of protein fibers and tubes that extend throughout cytoplasm
· Maintains shape and internal organization of cell  
· Reinforce plasma membrane and functions in movement of both structures w/in the cell and as a whole 
· 3 major types of structural elements in animal cells 
· Microtubules: microscopic hollow tubes 
· Intermediate filaments: fibres that occur singly, in parallel bundles and in interlinked networks, either alone or with microtubules, microfilaments or both 
· Microfilaments: thin fibres consisting of two rows of protein subunits that wound around each other in a long spiral
· Plant cells only contain microtubules and microfilaments 
· Eukaryotes move by “motor” proteins that push or pull along microtubules or microfilaments 
· One end of a motor protein is fixed to a cell structure such as a vesicle, a microtubule, or a microfilament and the other end has reactive group that “walk” along another microtubule or microfilament   making an attachment
· ATP supplies energy for movement 





2.5e The Flagella of Eukaryotes and Prokaryotes are NOT Evolutionary Related
· Flagella: long hair liked structures that project from cell surface and functions in cell movement 
· Common in single celled prokaryotes and eukaryote cells (same function, different structures) 
· Flagelllum (prokaryotes): moves the cell by rotating like a propeller 
· Protrudes through the membrane 
· Flagella (eukaryote): movement is whiplike 
· Constructed of microtubules that extend from base to tip of flagella and Cilia surrounding single pair of microtubules (9+2 complex)
· Structure is identical to cilia except cilia occur in larger numbers on eukaryote cells and are shorter in length. Flagella moves cells, while cilia move materials over the cell surface  
· Plasma membrane surrounds both flagella and cilia in eukaryotes 
· Flagella of prokaryotes are not ancestors of flagella’s of eukaryotes despite similar structure and function 
· Both are distinct when viewed at molecular level as well as the proteins involved are different (are encoded by different genes) 
· Analogous Structures: structures that share same function but do not share same evolutionary history 
· Homologous Structures: Structures that are similar b/c they share evolutionary history 

2.5f Why are Eukaryotic Cells Larger than Prokaryotic Cells?
· Size of cell is determined by its surface area being able to supply its volume w/ the necessary metabolic requirements for life 	
· As cell gets larger, volume increases much more rapidly than its surface area 
· Plasma membrane can only hold a finite number of transport proteins and only a limited number of ETC
· Eukaryote cells are able to be larger b/c it contains internal structures that support the larger cell volume. Also, b/c they contain the endomembrane system allowing for efficient movement of proteins and lipids throughout the cell and provides various compartments for synthesis and storage
· I.e. animal cell may contain hundreads of mitochondria that produce ATP and support needs of cells 

2.5g The Evolution of Multicellular Eukaryotes
· Key trait of multicellular organism is its “division of labour” existing among cells of organism
· Cells are not identical in structure/function, thus work is split between specialized cells
· I.e. some cells specialize in harvesting energy whereas others specialize in motility of cell 
· Cells no longer needed to be independent and can cooperate w/ one another to benefit entire organism 
· Specialization of cell function led to development of specialized tissues and organs 

2.5h Life May Have Been the Inevitable Consequence of the Physical Conditions of Primitive Earth 
· Oldest prokaryote evolved 3.5 billion years ago
· Oldest known eukaryote found 2.2 billion years ago
· Thus, shows the complexity of adaptions required as prokaryotes evolved to eukaryotes 
· But possible that it could have been sooner, and evidence was yet to be found 
[bookmark: _GoBack]

ouper T s

e

T T s i i
T e e o e et o g
e L s
Ve ey
s
e

Bl A -
T
et o e 1ot et s prec g s
e et e e i

R
b i i (A el et o e e e S
B e e A
e T ———

£28 e Dttty e e s
T e ————




