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Chapter 1 – Introduction to the Study of Cell and Molecular Biology

Robert Hooke  discovery of cells
Anton van Leeuwenhoek: first to describe various forms of bacteria.
Matthias Schleiden (and Schwann): described two tenets of cell theory.
1. All organisms are composed of one or more cells.
2. The cell is the structural unit of life.
Rudolf Virchow: 3rd tenet of cell theory.
3. Cells can arise only by division from a pre-existing cell.
George and Martha Gey: first culture of human cells.

· DNA replication has an error rate of less than one mistake every ten million.
· Most animal cells get energy from glucose; glucose is release by the liver into the blood. It circulates through the body delivering chemical energy. It is broken down and stored as ATP.
· Enzymes greatly increase the rate of chemical reaction.
· Cell metabolism: refers to the sum total of the chemical reactions in a cell.
Cells engage in mechanical activities
Cells are able to respond to stimuli
Cells are capable of self-regulation
Cells evolve
· LUCA (last universal common ancestor)

Prokaryotic Cells
· Include bacteria
Eukaryotic Cells 
· Include protists, fungi, plans, and animals.
Both types of cells can have a cell wall surrounding them with similar functions, but the chemical composition is very different.

Comparison of Prok and Euk cells
	Features held in common
	Features of Euks not found in Proks

	· Plasma membrane of similar construction.
· Genetic info encoded in DNA using identical genetic code.
· Similar mechanisms for transcription and translation of genetic information, including similar ribosomes.
· Shared metabolic pathways (ex. glycolysis and TCA cycle).
· Similar way for conservation of chemical energy as ATP (in plasma membrane of proks and the mito membrane of euks).
· Similar mechanism for photosynthesis (btw cyanobacteria and green plants).
· Proteasomes of similar construction (btw archaebacteria and euks).
	· Division of cells into nucleus and cytoplasm, separated by a nuclear envelope with complex pore structures.
· Complex chromosomes composed of DNA and associated proteins that can compact into mitotic structures.
· Complex membrane-bound organelles in the cytoplasm.
· Specialized cytoplasmic organelles for aerobic respiration (mito and photosynthesis (chloros)
· Complex cytoskeleton (with MFs, Ifs, and MTs) and associated motor proteins.
· Complex flagella and cilia.
· Phagocytosis
· Cell division with MT-containing mitotic spinde.
· Diploidy cells.
· Sexual reproduction requiring meiosis and fertilization.



· Nucleoid: bundle of loose genetic material in prok cells.
· Nucleus: nuclear envelope covers the genetic matieral.
· Chromatin: nucleoprotein material; one ‘level’ of DNA chromosome structure.
· Cytosol: the region of fluid content of the cytoplasm outside of the membranous organelles of a eukaryotic cell.

Types of Prok cells
· Archaea (archaebacteria)
· More closely related to Euks than to bacteria.
· Bacteria (eubacteria)

· many cyanobacteria are capable of photosynthesis as well as nitrogen fixation (conversion of nitrogen gas into reduced forms of nitrogen containing organic compounds).

Types of Euk cells: Cell specialization
· unicellular and multicellular organisms.
· Specialized cells are formed by differentiation
· The pathway of differentiation depends on the signals it receives from the surrounding environment.
Model Organisms: 6 main ones; one prok and 5 euks.
· E. coli – bacterium
· Saccharomyces cerevisiae – a budding yeast
· [bookmark: _GoBack]Arabidopsis thaliana – a mustard plant
· Caernorhabditis elegans – a nematode
· Drosophila melanogaster – a fruit fly
· Mus musculus – a mouse
The sizes of cells and their components
· um = 10-6
· nm = 10-9
· angstrom = 1/10th of a nanometer (nm). One angstrom is about the diameter of a hydrogen atom
· DNA approx. = 2.0nm in width.
· Ribosomes/MTs/MFs approx. = 5 and 25nm diameter.
· Nuclei approx. = 5-10um diameter
· Mito approx. = 2um
· Prok cells approx. length = 1-5um
· Euk cells approx. length = 10-30 um
	More on page 19
Reasons for small cells:
· Euk cell can only produce so much RNAs in a given amount of time; the larger a cell’s cytoplasmic volume, the longer it will take to synthesize the number of messages by that cell.
· As cells inc in size, the surface area/volume ratio decreases; ability of a cell to exchange substances with its enviro is proportional to its surface area. If too big then the surface would not take up needed substances to support its metabolic activities.
· Microvilli greatly increase surface area.
· Cells depend on diffusion of molecules; a larger cell and the greater the distance from the surface to the interior becomes greater so it takes more time for substances to diffuse in and out.

Cell Replacement Therapy
· Bone marrow transplantation  treat lymphomas and leukemias.
· Hematopoietic stem cells (HSCs)  blood forming cells in the bone marrow. (Ernest McCulloch and James Till).
· 4 potential therapies
· Adult Stem Cells
· Stem cells = undifferentiated cells.
· Regenerate healthy tissue if the tissue has stem cells.
· Embryonic Stem Cells
· Cells in early embryo; give rise to all various structures; are pluripotent (capable of differentiating into every type of cell.
· Could accidentally form a benign tumor (teratoma) with a bizarre mass of tissue like hair and teeth.
· Induced Pluripotent Stem Cells
· Revert something from a mature cell to pluripotent with OSKM genes.
· Doesn’t require the use of an embryonic stem cell.
· Synthetic biology

VIRUSES 1.4
· Dmitri Ivanovsky: Russian biologist; forced sap from diseased plant through filter with pores so small that it slowed passage of smallest bacteria; virus still went through; therefore viruses are smaller.
· Virion  outside a living cell, the virus exists as a partile/virion. Contains a small amount of genetic material that can be double stranded (DS), RNA or DNA.
· Capsid  a protein capsule that protects the genetic material.
· Lysis  when the infected cell ruptures and releases a new generation of viral particles.
· Provirus =  an integrated virus has attached to a cell but has not been activated yet by a stimulus. Still behaving normally.
· Viroids: infectious agent with a small circular RNA that has NO protein coat; takes the place of host-cell proteins.

The Origin of Euk Cells
· Endosymbiont theory: early prok ancestor that was anaerobic hetertrophic (got energy without O2 and able to synthesize organic compounds from inorganic materials).
· Ex. Large anaerobic hetertrophic organism digested a small aerobic prok. The prok (hypothetically) resisted digestion in the cytoplasm and took up residence as a permanent endosymbiont. As the host cells reproduced, so did the aerobic organism.
· Eventually gives rise to a mito and then the extra energy made it possible to compartmentalize more with other organisms.
