CHP 3 Part 1 Notes

Cells 

PART 1:  Cells

I.  OVERVIEW OF THE CELLULAR BASIS OF LIFE

A. Cells  are primarily made of 4 elements:  C, H, O, N

1. Cells are largely protein

B. Electrolytes:  metals in ionic form that carry an electric charge

1. Important in cellular functions

C. Fluid:  Cells are 60% water

1. Interstitial Fluid:  a dilute saltwater solution that surrounds body cells

2. allows for exchange of material between cells

D. Cells vary tremendously in length structure and function

II.  ANATOMY OF A GENERALIZED CELL

A. The Nucleus:  gene containing (DNA) control center of cell

1. Nuclear Envelope:  a double membrane that surrounds the nucleus

a. fluid fount between the 2 membrane layers

b. Nuclear Pores:  openings through the membrane

c. Nucleoplasm:  jellylike fluid inside the nucleus

2. Nucleoli:  one or more small dark round bodies found in the nucleus

a. site of ribosome production

3. Chromatin:  DNA combined with a protein in a loose network of bumpy threads

a. found in this form when the cell is not dividing

b.  Chromosomes:  chromatin condensed and coiled into rod-like bodies when the cell is dividing.

B. Plasma Membrane:  a fragile, transparent barrier that contains the cells contents

1. Consists of a double layer of lipids arranged tail to tail with protein molecules found in the layer

2. Most the lipid layer is Phospholipids, but there is also a large amount of Cholesterol.

3. Explain the shape of the Phospholipid molecule and explain the hydrophilic (water loving) polar head and Hydrophobic (water hating) nonpolar tail.

a.  makes the membrane impermeable to most water soluble molecules

4. Proteins are responsible for  the specialized functions of the membrane

a.  they create pores and channels to allow molecules to enter and leave the cell.

5. Specializations of the Plasma Membrane

a.  Microvilli:  tiny finger-like projections that increase surface area for absorption

1. found in cells lining the small intestine

b. Membrane Junctions:  junctions between cells

c. 3 Common types of Membrane Junctions

1. Tight Junction:  impermeable junction binding cells in leakproof sheets

2. Desmosomes:  anchoring junctions that prevent cells subjected to mechanical stress from being pulled apart

a. Skin cells

3.  Gap Junctions:  function to allow communication between cells

a. Heart cells

b. Connexons:  hollow cylinders composed of proteins between cells

C. The Cytoplasm

1. Cellular material outside the nucleus and inside the plasma membrane

2. Consists of 3 major elements:

i. Cytosol:  semitransparent fluid that suspends the other elements (mainly water)

ii. Organelles:  metabolic machinery of the cell

iii. Inclusions:  chemical substances that are non functioning

1. vary from cell to cell

3. Cytoplasmic Organelles:  little organs that each carry out a specific function for the cell

4.  Mitochondria:  sausage-shaped organelle that in living cells moves and changes shape 

i. double membrane for outer wall

ii. inner membrane has folds called “Cristae” 

iii. Enzymes use oxygen to break down food and release energy

iv. Some of the energy is stored in ATP molecules

v. ATP supplies all the energy for cell functions

vi. The mitochondria supplies this ATP and is called the powerhouse of the cell

vii. Muscle cells have High numbers of them WHY?

5. Ribosomes:  tiny round dark bodies made of proteins and RNA

i. site of protein synthesis in cell

ii. some found attached to Endoplasmic reticulum called Rough ER

6. Endoplasmic Reticulum:  a system of fluid filled tubes or canals that coil and twist through the cytoplasm

i. kind of mini circulatory system for the cell

ii. Rough ER:  has ribosomes on it

1. produce and transport proteins for the cell

2. the amount of Rough ER a cell has indicated how many proteins it makes

3. Pancreas cells have lots because they make digestive enzymes

iii. Smooth ER:  no ribosomes, so no protein synthesis

1. functions in lipid metabolism and detoxification of drugs and pesticides

2. liver cells are full of smooth ER

7. Golgi Apparatus:  a stack of flattened membranous sacs

i. major function is to modify and package proteins

ii. as proteins accumulate in the Golgi apparatus the sacs swell and pinch off forming “Secretory Vesicles”

iii. Secretory Vesicles will move to the plasma membrane to release their product proteins

iv. Also may produce Lysosomes

8. Lysosomes:  membranous bags containing powerful digestive enzymes

i. Function as cells demolition site breaking down worn out cell parts and foreign substances

ii.  Very abundant in WBC   Why?

9. Peroxisomes:  membranous sacs containing powerful oxidase enzymes.

i. oxidase enzymes use oxygen to detoxify a number of harmful or poisonous substances including alcohol.

ii. Most important function is to disarm dangerous “Free Radicals”

iii. Free Radicals are highly reactive chemicals with unpaired electrons that can scramble  the structure of proteins and nucleic acids.

iv. Free radicals in large amounts cause cell damage

v. Abundant in liver and kidney cells

10. Cytoskeleton:  an elaborate network of protein structures extending throughout the cytoplasm

i. acts as cells bones and muscles

ii. composed of 3 kids of proteins

1. Intermediate Filaments:  strong stable ropelike

2. Microfilaments:  involved in cell motility and shape

3. Microtubules:  determine the overall shape of the cell and distribution of organelles

11. Centrioles:  paired rod shaped bodies that lie close to the nucleus

i. direct formation of mitotic spindle during Mitosis

12. Cilia:  whiplike cell extensions that move  substances along the cells surface

i. Found lining the respiratory system

13. Flagella:  longer than cilia

i. sperm cell for movement

D. Cell Diversity

1. There are over 200 different kinds of cells in the body

2. Cells that connect body parts:

i. Fibroblast:  elongated cell that produces cable-like fibers of protein.  (Rough ER and Golgi Apparatus)

ii. Erythrocyte (RBC):  concave disk shape for extra surface area, no organelles

3. Cell that covers and lines body organs:

i. Epithelial Cell:  Hexagonal shape (Bee Hive) :  allows them to pack together in sheets

4. Cells that move organs and body parts:

i. Skeletal and Smooth Muscle Cells:  Elongated and filled with contractile filaments

5. Cell that stores Nutrients:

i. Fat Cell:  huge spherical cell with a large lipid droplet in it

6. Cell that fights Disease:  

i. Macrophage:  extends long pseudopods to reach infections (Lysosomes)

7. Cell that gathers information and controls body functions

i. Nerve Cell (Neuron):  has long processes for sending and receiving messages

8. Cells of Reproduction: 

i. Oocyte (female):  largest cell in body

ii. Sperm (male):  long streamlined, flagella

III.  Cell Physiology

A. Membrane Transport

1.  Solution:  a homogeneous mixture of two or more components.


a.  Examples:  Air, Sea water, rubbing alcohol


b.  Solvent:  substance present in largest amount, dissolver



i.  water in the body

d. Solutes:  substances that get dissolved in the solvent

2. Intracellular Fluid:  Fluid inside the cell

a.  solution of gases, nutrients, and salts in water

3. Interstitial Fluid:  fluid outside the cell

a.  contains thousands of ingredients

4. Selective Permeability:  allows some substances to pass through, but not others

a.  plasma membrane is

5. Substances enter and leave the cell in one of two ways

a.  Passive Transport:  no energy from cell

b. Active Transport:  energy from cell used

6. Passive Transport Processes:

a.  Diffusion:  molecules moving randomly from an area of high concentration to an area of lower concentration


i.  Said to move down the concentration gradient

ii. Molecules will move passively through the plasma      membrane if

a. they are small enough to pass through its pores

b. they can dissolve in the fatty portion of the membrane

iii. fats, some vitamins, oxygen, CO2 and some small ions can pass this way

b.  Osmosis:  diffusion of water through a selectively permeable membrane





i.  water passes through special pores called “Aquaporins”





ii.  water constantly moves in and out of the cell this way

c.  Facilitated Diffusion:  provides passage for molecules that are both lipid insoluble and too large to pass through membrane pores





i.  Glucose enters the cell this way





ii.  Protein molecules form channels in membrane

e. Filtration:  the process by which water and solutes are forced through a membrane by fluid or hydrostatic pressure

i.  usually exerted by blood

ii.  occurs in the kidneys

7. Active Transport Process

a.  Solute Pumping:  similar to facilitated diffusion but the proteins use energy


i.  Solute Pump:  the protein canal

ii.  Amino acids, Some sugars and most Ions enter the cell this way


iii.  Molecules are moving against the conc gradient

iv.  Sodium-potassium Pump:  simultaneously carries sodium ions out and potassium ions into the cell



1.  essential for nerve impulses

b. Bulk Transport:  2 types Exo and Endocytosis

c. Exocytosis:  moves large quantities of materials out of the cell

a. Cell secrete hormones, mucus etc.

b. Golgi apparatus helps

d. Endocytosis:  engulfing extracellular substances  by enclosing them in a small membranous vesicle

a. Phagocytosis:  endocytosis when pseudopodia engulf bacteria, old cells etc.

1.  WBC do this

b. Pinocytosis:  endocytosis of a fulid

c. Receptor-mediated Endocytosis:  main cellular mechanism for taking up specific  molecules

i. Protein receptors bind with certain substances outside the cell and pull them in 

ii. flu viruses enter cells this way

B. Cell Division

1.  The cell life cycle has 2 major periods:

a.  Interphase:  cells grows and carries on its usual metabolic  activities

b. Cell Division:  cell reproduces

2.  Preparation for Division


a.  DNA is replicated or copied

b. shown on page 80

4. Events of Cell Division

a. Consists of 2 main events

i.  Mitosis:  division of the nucleus

ii.  Cytokinesis:  division of the cytoplasm

5. Mitosis:  results in the formation of two daughter nuclei with exactly the same genes

6. Stages of Mitosis

a. Prophase:

i.  chromatin becomes chromosomes

ii.  replication has already occurred and each chromosome is 2 strands called chromatids which are held together by a centromere

iii.  the centriolies separate and begin to form the “mitotic spindle”

iv.  nuclear membrane breaks down and chromosomes attach to the spindle fibers

b. Metaphase:

i.  chromosomes line up at the equator of the cell

c. Anaphase:

i.  chromatids are pulled apart at the centromere and are pulled toward the poles by the spindle fibers




         ii.  complete when chromosomes reach the poles

d. Telophase:  

i.  Essentially prophase in reverse

ii.  chromosomes uncoil and become chromatin again

iii.  spindle breaks down and nuclear membrane reforms

7. Mitosis takes from 5 min to several hours with an average of 2 hrs

8. Cytokinesis:  division of the cytoplasm

a. Begins during late anaphase an is complete by the end of telophase

b. cleavage furrow:  forms at equator

c. end result is usually two equally sized new cells that are identical to each other

C. Protein Synthesis

1.  DNA is the blue print for making proteins

2.  Gene:  a segment of DNA with the info for making one protein

3.  Proteins are the key substances for all aspects of cell life



a.  Fibrous or Structural Proteins:  building materials for cells

b. Globular or Functional Proteins:  do something (Enzymes)

4.  Three nitrogen bases on a strand of DNA code for one specific AA


a.  Example:  DNA base triplet of CCT codes for the AA Glycine

b. Remember there are 4 different nitrogen bases A, T, G, C

c. In an RNA molecule T is replaced by U

d. A single gene has between 300 and 3000 nitrogen bases 

5.  The role of RNA


a.  DNA never leaves the nucleus and Proteins are made in the cytoplasm

b. RNA is a copy of DNA that can leave the nucleus to make proteins

c. RNA differs from DNA in the following ways:

i.  It is a single strand of Nucleotides not a double strand like DNA

ii.  It has Ribose instead of Deoxyribose sugar

iii.  U replaces T

d. There are 3 kinds of RNA


i. Transfer RNA (tRNA):  small clover shaped molecules that carry AA 

ii. Ribosomal RNA (rRNA):  part of a ribosome

iii. Messenger RNA (mRNA):  long single strand of nucleotides that carry the message for making a specific protein

6.  Protein synthesis occurs in two major phases Transcription and Translation

7.  Transcription


a.  Involves the transfer of information from DNA to a strand of mRNA



b.  Triplet:  3 base sequence on DNA that codes for a specific AA



c.  Codon:  the corresponding 3 base sequence on mRNA

e. When transcription is complete, DNA information has been transferred to a mRNA molecule.

8.  Translation


a.  the info on the mRNA is translated into a sequence of AA on a protein

b. All 3 types of RNA are involved

c. A ribosome (rRNA) attaches to a strand of mRNA

d. Next, tRNA brings the proper AA to the ribosome so it can be attached

e. Each tRNA is designed to match with a particular codon on the mRNA

f. This ensures the proper AA is attached

g. Anticodon:  found on tRNA and matches a specific codon on mRNA

h. The ribosome will slide down the mRNA reading it and attaching the proper AA as it goes

i. When it gets to the end of the mRNA a protein has been made

