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	2. Cell Biology



Broad concept: Cells have specific structures and functions that make them distinctive. Processes in a cell can be classified broadly as growth, maintenance, and reproduction.


	2.1 Relate cell parts/organelles (plasma membrane, nuclear envelope, nucleus, nucleolus, cytoplasm, mitochondrion, endoplasmic reticulum, Golgi apparatus, lysosome, ribosome, vacuole, cell wall, chloroplast, cytoskeleton, centriole, cilium, flagellum, pseudopod) to their functions. Explain the role of cell membranes as a highly selective barrier (diffusion, osmosis, facilitated diffusion, and active transport).


· Parts of the Cell/Organelles & their Functions
· Plasma membrane (cell membrane): thin, flexible barrier around a cell; regulates what enters and leaves the cell
· Nuclear envelope: double membrane structure that is the outer boundary of the nucleus; separates inner environment (DNA) from cytoplasm (chemical reactions)
· Nucleus (nuclei): large structure inside some cells that contains the cell’s genetic material (DNA) and controls the cell’s activities
· Nucleolus: holds protein and RNA in the nucleus of a cell. Where the assembly of ribosomes begins
· Cytoplasm: fluid material inside the cell membrane (not including the nucleus or other organelles)
· Mitochondrion (mitochondria): releases energy from stored food molecules
· Endoplasmic reticulum (ER): internal membrane system in cells in which components of the cell membrane are assembled and some proteins are modified
· Golgi Apparatus: stack of membranes in the cell in which enzymes attach carbohydrates and lipids to proteins
· Lysosome: filled with enzymes needed to break down certain materials in the cell like nutrients

· Ribosome: small particle in the cell on which proteins are assembled; made of RNA and protein

· Vacuole: stores materials such as water, salts, proteins, and carbohydrates

· Cell Wall: strong layer around the cell membrane in plants, algae, and some bacteria
· Chloroplast: found in plants cells and some other organisms; uses energy from sunlight to make energy-rich food molecules by photosynthesis

· Cytoskeleton: network of protein filaments within some cells that helps the cell maintain its shape and is involved in many forms of cell movement
· Centrioles: aid in cell division & separating chromosomes, bundles of microtubules, ONLY in animal cells
· Cilia and Flagella: hair-like projections outside the cell made of microtubules, enable cells to “swim” through liquids, like “oars on a boat”
· Pseudopod: cytoplasm enclosed in a membrane used by some protists for feeding or movement (false foot). 
· Cell Membrane as a Highly Selective Barrier

· Cell membrane structure
· Selective Permeability (semi-permeability)

· Ability of a membrane to prevent or allow specific substances to flow across it.  

· Phospholipid Bilayer

· Phospholipid heads are hydrophilic, polar

· Fatty acid tails are hydrophobic, non-polar

· Non-polar tails of phospholipids are arranged on the inside of the bilayer, with the polar heads facing outwards in contact with the aqueous solutions inside and outside the cell

· Allows certain molecules to diffuse through the membrane directly, while others cannot because they are charged (ions) or are too big 
· Ways Molecules Enter/Leave Cell Membrane
· Passive Transport: Molecules move from areas of high concentration to areas of low concentration.  No energy is required. 
· Diffusion: When there is a higher concentration of solute outside the cell than inside the cell, molecules will pass through the cell membrane. The molecules must be small and uncharged. Diffusion causes many substances to move across a cell membrane but does not require the cell to use energy.
· Osmosis: The diffusion of water through a selectively permeable membrane. Water (solvent) moves from an area of high water concentration (low solute concentration) to an area of low water concentration (high solute concentration). No energy used.  
· Tonicity: solute concentrations of two fluids on opposite sides of a membrane (always a comparison of two solutions)
· Hypotonic: solution with fewer solutes in it
· Hypertonic: solution with more solutes 
· Isotonic: two fluids the have the same solute concentration
· Facilitated Diffusion: Same conditions as regular diffusion, only the molecules pass through a protein channel instead of diffusing right through the phospholipids because they are charged (ions) or are too large. No energy used. 
· Active Transport: Takes larger molecules and charged particles into the membrane through protein pumps. Energy is required. Molecules go from LOWER areas of concentration to areas of HIGHER concentration. 
	2.2 Compare and contrast, at the cellular level, prokaryotes and eukaryotes (general 

      structures and degrees of complexity). 


· Prokaryotes vs. Eukaryotes
· Biologists divide cells into two categories: eukaryotes and prokaryotes. The cells of eukaryotes have a nucleus, but the cells of prokaryotes do not.
	Prokaryotes
	Eukaryotes

	· Unicellular

· Cell membranes
· Cytoplasm

· No true nucleus (no nuclear envelope) DNA is free-floating in cytoplasm

· Ribosomes

· Examples: Bacteria (ie: Escherichia coli & Staphylococcus aureus)
	· Unicellular or multicellular

· Cell Membranes

· Cytoplasm

· Nucleus-nuclear envelope surrounds DNA
· Ribosomes, but many other organelles (membrane bound) too
· Examples: plants, animals, and fungi, protists


	2.3 Use cellular evidence (such as cell structure, cell number, and cell reproduction) and modes of nutrition to describe the six kingdoms (Archaebacteria, Eubacteria, Protista, Fungi, Plantae, Animalia)


· The 6 Kingdoms
1. Archaebacteria: kingdom of unicellular prokaryotes whose cell walls do 

not contain peptidoglycan.  Can be autotrophic or heterotrophic.  Reproduce asexually. 

 IE: methanogens, thermophiles
2.  Eubacteria: kingdom of unicellular prokaryotes whose cell walls are made 

of peptidoglycan.  Can be autotrophic or heterotrophic.  Reproduce asexually. 

IE: E. coli
3.  Protista: kingdom composed of eukaryotes that are not classified as plants, 
animals, or fungi.  Some are plant-like (have cell walls and/or chloroplasts) some are animal like (no cell walls or chloroplasts), some are fungi-like.  Can be autotrophic or heterotrophic. Mostly unicellular, some multicellular.  Can reproduce sexually or asexually. 

IE: Amoeba, Paramecium, algae, kelp
4.  Fungi: kingdom composed of eukaryotic heterotrophs; many obtain energy 
and nutrients from dead organic matter (decomposers).  Mostly multicellular, some unicellular. Have cell walls. Can reproduce sexually or asexually. 

IE: mushrooms, yeasts
5.  Plantae: kingdom of eukaryotic, multicellular, photosynthetic autotrophs 
that have chloroplasts and cell walls containing cellulose.  Reproduce sexually. 

IE: mosses, ferns, flowering plants 

6.  Animalia: kingdom of eukaryotic, multicellular heterotrophs whose cells 
do not have chloroplasts or cell walls. Reproduce sexually (mostly). 

IE: mammals, fish, insects, etc. 

	2.4 Identify the reactants, products, and basic purposes of photosynthesis and cellular respiration. Explain the interrelated nature of photosynthesis and cellular respiration in the cells of photosynthetic organisms.


	
	Reactants
	Products

	Photosynthesis
	6 CO2    +    6 H20                                (
Carbon Dioxide + Water + Light Energy + Chlorophyll
	C6H12O6    +    6 O2 

Glucose (sugar) + oxygen gas

	Cellular Respiration
	C6H12O6   +   6 O2                                ( 
Glucose (sugar) + Oxygen
	6 CO2   +   6 H20  + ATP
Carbon Dioxide + Water + Energy


Purposes & Processes:
Photosynthesis 

· Plants use the energy of sunlight to convert water and carbon dioxide into oxygen and high-energy carbohydrates—sugars and starches

· Takes place in chloroplasts (requires chlorophyll)
· 2 Step Process:

1.  The light-dependent reactions produce oxygen gas and convert ADP and NADP+ into the energy carriers ATP and NADPH

2. The Calvin cycle uses ATP and NADPH from the light-dependent reactions to produce high-energy sugars.
Cellular Respiration 

· Releases energy by breaking down food molecules in the presence of oxygen

· Takes place in mitochondria
· 3 Step Process:

1. Glycolysis: one molecule of glucose is broken in half, producing two molecules of pyruvic acid, a 3-carbon compound.

2. Krebs cycle: pyruvic acid is broken down into carbon dioxide in a series of energy-extracting reactions.

3. Electron transport chain: uses the high-energy electrons from the Krebs cycle to convert ADP into ATP.

OR alcoholic fermentation/lactic acid fermentation – when oxygen is not present, this occurs after glycolysis and does not produce a lot of ATP.  
Interrelated Nature of Photosynthesis and Cellular Respiration

· Chemical Level
· Products of one reaction are the reactants of the other and vice versa.  
· Ecological Level 
· Energy Flow 
· Ecosystems rely on the producers to photosynthesize and provide energy (sugars) for the consumers.  Photosynthetic organisms make up the first trophic level in ecosystems. 
· Nutrient Cycling 
· Carbon cycle 
· Producers take carbon dioxide out of atmosphere for photosynthesis, while consumers replace carbon dioxide into atmosphere in cellular respiration.  
· Water cycle 
· Producers take water out of ecosystem, provide ecosystem with oxygen in photosynthesis, while consumers use oxygen gas for cellular respiration, and produce water.
	2.5  Explain the important role that ATP serves in metabolism.  


· Living things depend on energy to do work.
· Energy for living things comes in the form of food.
· Autotrophs = make their own food using light energy from the sun. ex/ plants 
· Heterotrophs = have to obtain energy by consuming food. Ex/ dog, human
· ALL organisms must release the energy in sugar and compounds found in their food.

· Energy can come from light, heat, electricity, or be stored in chemical compounds. 

· Chemical Compounds such as ATP and ADP power the activities of cells

· ATP (adenine triphosphate)
- principal chemical compound that living things use to store energy.
- is used by all different types of cells

- an ATP molecule has 3 components

- adenine (contains nitrogen)

- ribose (a 5-carbon sugar)

- 3 phosphate groups



-energy in the molecule is stored between the 2nd and 3rd phosphate group

· ADP (adenine diphosphate)
- has a similar structure to ATP, but only 2 phosphate groups
· Releasing Energy:

When a cell…

· has available energy to store, it adds a phosphate group to ADP to form ATP.

· needs to release energy, it subtracts a phosphate group from ATP to form ADP.

ATP is used…
· In active transport across the cell membrane ex/ sodium-potassium pump.

· In motor proteins that move organelles

· To power any life process/chemical reaction that requires energy

***ATP doesn’t store a lot of energy, so it is efficient for a cell to only store limited amounts that it needs a fast supply of.  Instead, a cell stores glucose, which holds more energy for long periods of time and can be used to make ATP (cellular respiration) when energy is needed***
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	2.6 Describe the cell cycle and the process of mitosis. Explain the role of mitosis in the formation of new cells, and its importance in maintaining chromosome number during asexual reproduction.


· The Cell Cycle

· The series of events that the cell goes through, including cell growth, preparation for division, and division into two daughter cells that restart the process.
· There are four phases in the cell cycle

· Interphase is made up of G1, S, and G2.

· G1 (gap 1) phase – cell growth

· S phase – copying chromosomes/ DNA replication

· G2 (gap 2) phase – preparation for mitosis

· M phase – where mitosis & cytokinesis take place

· Mitosis 

· Is divided into four phases: prophase, metaphase, anaphase and telophase.
Prophase – is the longest phase, takes 50 to 60 percent of the total time

· chromosomes become visible & are most condensed during this stage

· centrioles (small structure in cytoplasm near nuclear envelope) separate one to each pole/ opposite ends of the cell
· the spindle (fanlike microtubule structure) begins to organize and attach to chromosomes at the centromere near the centriole
· the nucleolus disappears and the nuclear envelope breaks down
Metaphase 
· the chromosomes line up across the center of the cell

· microtubules connect centromeres of the chromosomes to the spindle at the two poles

Anaphase
· the centromere joining the two sister chromatids separates as they pull apart

· the sisters separate into individual chromosomes and move all the way to the poles

Telophase
· the cell elongates and takes on the shape of two connected cells

· a nuclear envelope develops in which the chromosomes disperse

· the spindle begins to break down

· the nucleolus is visible

Cytokinesis

· the division of the cytoplasm during cell

· In Animals… the cell membrane pinches together in the middle
· In Plants… a cell plate forms around the divided nuclei, develops into a cell wall
	2.7 Describe how the process of meiosis results in the formation of haploid cells. Explain the importance of this process in sexual reproduction, and how gametes form diploid zygotes in the process of fertilization. 


· Meiosis –

· Process by which the number of chromosomes per cell is cut in half through the separation of homologous chromosomes in a diploid cell.

· Creates four daughter cells
· Each daughter contains half the number of chromosomes of the parent
Ex/ parent has 4 chromosomes, daughter cells  have 2 chromosomes

(Parent with 4 replicated chromosomes)
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each replicated chromosome has 2 sister chromatids

· parent cell has 2 sets of chromosomes (diploid), one from the mother, one from the father.

· Homologous chromosomes = chromosomes that have a corresponding chromosome from the opposite-sex parent.
· They carry genes for the same traits and 
  are the same size and shape

**A cell undergoing Meiosis goes though 2 divisions: 
· Meiosis 1 
· Meiosis 2

In preparation for meiosis one, chromosomes replicate
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Meiosis 1 
-the homologous chromosomes are separated. Two new cells are formed; each contains one set of chromosomes, half the chromosomes of the parent

Prophase 1- centriole pairs move to opposite sides of cell, the nuclear envelope dissolves and spindle fibers form, chromosomes condense and tangle together in a structure called a tetrad.
· Crossing over- while the pairs of chromosomes are close together, they may break and exchange segments

Metaphase 1 – homologous chromosomes line up in center of spindle

Anaphase 1 – homologous chromosomes are pulled to opposite ends of the cell by spindle fibers

Telophase 1- nuclear envelope forms around chromosome sets

Cytokinesis- cell membrane pinches the cytoplasm in half to form two new daughter cells.
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Meiosis 2 
-The two cells undergo a second mitotic division, this time there is no replication of chromosomes

- Is very similar to mitosis
Prophase 2 – centriole pairs move to opposite ends of the cell, the nuclear envelop dissolves and the spindle forms, pulling the chromosomes towards the center.
Metaphase 2 – The two daughter chromosomes line up at the center of the cell.

Anaphase 2 – The paired chromatids of both chromosomes are pulled apart

Telophase 2 – nuclear envelopes form around the chromosomes
Cytokinesis = cell membrane pinches cell and cytoplasm in half to form four daughter cells
***The resulting four daughter cells are also haploid cells – each has a single set of unduplicated chromosomes***

Essentially, Meiosis forms four genetically different haploid gamete cells.

Gamete Formation (specialized germ/ sex cells)

Males – results in four equal sized gametes called sperm
Females – one large egg cell gamete and three polar bodies which aren’t used in reproduction are formed.
Fertilization 

-Once the sperm nucleus enters the egg, the egg’s cell membrane changes, preventing other sperm from entering. The process by which a sperm joins an egg is called fertilization.
-Zygote = a fertilized egg that will undergo cell division repeatedly, forming a ball of cells that will attach itself to the wall of the uterus and develop into a fetus.

- Through the fusion of the two haploid gamete nuclei, the zygote receives chromosomes from both the male and female gametes, thus making a diploid zygote.
	2.8 Compare and contrast a virus and a cell in terms of genetic material and reproduction.


· Virus - particle made up of nucleic acid, protein, and in some cases lipids that can replicate only by infecting living cells.

· a virus is normally composed of a DNA or RNA core with a protein coat

· capsid = outer protein coat

· the capsid proteins allow the virus to enter cells by binding to the surface

· highly specific – can only bind to certain proteins on the surfaces of certain cells and must be able to use the host’s genetic system.
· Ex/ Bacteriophage can only invade bacteria.
· Viruses VS. Cells

· Viruses do not have all the characteristics of living things, thus are not considered “alive” like cells
· Viruses are not able to reproduce independently like cells
· Like cells, viruses house DNA or RNA, but must rely on the cells to live.

· Like cells, viruses can regulate gene expression

· Like cells, viruses can evolve

***Scientists believe that viruses probably evolved after cells, possibly from their genetic material.
