CHAPTER 4

THE CELL Contents compiled by Mrs. Mikkelson for 

Bio 2

Bio 2
Plant and Animal Cells Lab


Name__________________per____

The first part is review.  BE CAREFUL with the scopes.  They are expensive.  NEVER use the course objective in HIGH POWER.  You will break the microscope!  Spend time on this lab.  Be neat.  Be complete.  Use color in drawings.  Label all drawings. Put this entire lab IYNB.
REVIEW
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1.
Below are diagrams of possible views of millimeter markings under low power.  Estimate the field of view and determine the size of the view in micrometers.

[image: image25.png]m@d o @





2.
Using the estimated field of views in low power, calculate the diameter field of view using high power.


Example:
diameter field of view - low power estimation  1.3mm = ___________m




ratio of high power : low power  45X : 10X  = __________




diameter field of view in high power  = ________________m


a)  Use the estimation from diagram A to calculate the diameter field of view.  High power is 48X and low power is 10X.______________

b)  Use the estimation from diagram B to calculate the diameter field of view.  High power is 48X and low power is 12X.___________

c)  Use the estimation from diagram C to calculate the diameter field of view.  High power is 40X and low power is 10X.____________
From class and reading

1. What are the three parts of the cell principle aka cell theory?

2. What is the difference between a theory and a hypothesis?

3. Briefly explain the contributions these scientists made in the study of cells.  If you don’t know off the top of your head, look it up.

A. Anton van Leewenhoek

B. Robert Hooke

C. Schwann and Schledian

D. Louis Pasteur

4. What are the differences between prokaryote and eukaryote cells?

Part III  Plant cells

Make a wet mount slide.  Iodine stain / m. blue will not come out of your clothes.  Be careful.

1.
What evidence do you see that an onion cell is a plant cell?

2. What structures can be seen in an unstained onion cell?

3. What structures become visible in the onion cell after staining?  What color do they appear?

4. Draw a view of three or four onion cells and label any visible structures. Estimate the size of one onion cell in microns and indicate the total magnification.
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5. What plant characteristics are visible in lettuce cells. Estimate the size of one lettuce cell in microns and indicate the total magnification..

6. What structures are observed in the lettuce but not in the onion?

7. Draw and label several lettuce cells.  (Use whichever is most visible stained or unstained) Estimate the size of one onion cell in microns and indicate the total magnification.
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8. Draw and label several elodea cells. Estimate the size of one onion cell in microns and indicate the total magnification.
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8A.
Using the elodea leaf, calculate the perimeter and area of a leaf cell.  Include in your diagram chloroplasts and cell wall.  Estimate the volume of one chloroplast organelle.  Sketch a cell, include color where appropriate and all the dimensions of the cell in µm.
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Part IV
Animal cells  use your own cheek cells and stain your slide
Throw your toothpicks away.  Do not leave them on the lab tables.  “it’s grody”

9. What evidence do you see that a human cheek cell is an animal cell?

10. Draw several cheek cells and label any visible structures. Estimate the size of one cheek cell in microns and indicate the total magnification.
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11. Draw and label a view of human striated muscle cells.  Estimate the size of one muscle cell in microns and indicate the total magnification.
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12. How are human muscle cells different from other cells you have seen?

13. Observe frog blood cells.  Draw and label. Estimate the size of one frog blood cell in microns and indicate the total magnification.
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Part V.  Analysis and Conclusions

14. How are animal cells different from plant cells?

15. Plants are stiff and immobile.  How does their cellular structure contribute to this characteristic?

16. What structures are found in plant cells but not in animal cells?

17. Describe how stain is applied to a wet mount slide.

18. Why are animal cells so much more variable in their appearance than plant cells?

19. Give a function for the following organelles.

A. nucleus

B. ribosome

C. mitochondrion

D. chloroplast

E. endoplasmic reticulum

F. cytoplasm

G. vacuole

H. nucleolus

I. chromatin

Part VI.
Convert the following:

1000m=_________________mm                           5.00mm
=_________________m

  560m=_________________mm
6.02mm
=_________________m


  145m=_________________mm
  1.2mm=_________________m


6300m=_________________mm
  0.8mm
=_________________m


   50m
=_________________mm
1.00mm
=_________________m

17m   =_________________mm


Modified from original by Gerald Rau for 

Bio 2 , by  H. Mikkelson 



Yeast Cell Lab





Student FULL Name________________________per___

Work in a team of TWO OR THREE.  NO MORE THAN THREE!  Write up a COMPLETE LAB REPORT IYNB.
Purpose and Goals:

To be able to use a microscope properly to obtain data.

Explain how to use a sampling procedure to estimate total numbers.

Do calculations necessary to obtain the results for the number of cells in one yeast grain and the total number of yeast cells in one batch of bread.

Describe possible sources of error and suggest how to reduce them.

Prediction:  I think that there are _________cells in one yeast grain.  I think that there are ________cells in one package of yeast (the amount needed to make one batch of bread).

Procedure:  Use a random sampling method.

1. Place a grain of yeast on a slide. Observe under a microscope.   Find grain volume.  Usually we would measure in microns but for this lab measuring in mm works best.  Show your work.  Do not come to me and tell me you don’t know how to do this without thinking first.
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2. Make a wet mount slide of one yeast grain.  For one minute, carefully stir and tap the grain lightly with a corner of a coverslip.  Be careful not to cut yourself with the coverslips.  They are made out of glass.  After one minute you may choose to use an eraser to smash down the yeast cells but do not squeeze the water out.  If clumping occurs, it is best to start over with a new grain of yeast.

3. Select three randomly selected areas under high power.  Move the slide without looking through the ocular so that you are truly choosing a random sample.

4. Count all of the cells, yes I said to count all of the cells, in each of the three areas.  You may choose to divide your field of view into equal sections, count one section and multiply by the total number of sections.  Note:  you may need to adjust focus up and down if necessary for a clump to see and count all the cells in that view.
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Question:  Are all of the cells the same size and shape?________Is is easy or difficult to count individual cells?__________

Calculations:  Now you have all of the information to calculate the number of yeast cells in one package of yeast to make one batch of bread.  I do need to tell you that one package of yeast contains about 15 cm 3 (1 Tbsp) of yeast. 

Fig 3  Formulas needed to calculate how many yeast cells are added to make one loaf of bread rise.

	Area of the high-power field (area of a circle)
	A high power = πr 2

	Area under the coverslip (area of a rectangle)
	A coverslip = l w

	Number of high power fields per coverslip
	F = A coverslip ÷ A high power 

	Average number of cells in a field
	N = (n1 + n2+ n3)  ÷3

	Total number of cells in a grain
	N Total = N F

	Volume of yeast grain
	V yeast grain = πr 2  l

	Yeast cells per 1 mm3
	N Total÷ V

	Yeast cells per 1 cm3
	1000 N Total÷ V

	Yeast cells per 15 cm3  (batch of bread)
	15,000 N Total÷ V


Analysis and Conclusions

Using group data, write up your results in a modified scientific paper IYNB that includes an

introduction that includes what skills you have practiced in the activity, your initial hypothesis and the purpose of the lab, 

a method section in which you must explain how the sampling method works, and a list of materials you used in the lab,

a data and calculations section that shows all of your calculations and results,

and a summary and conclusion section in  which you must show that you understand how small a cell is, or how big the number of cells is.  You should also reflect on any sources of error there might be in your answer, and how you could reduce that error.

Other areas of assessment include:  spelling and grammar, presentation & organization, scientific voice, participation, and clean-up.

Bio2 –Vocab and Definitions Cell Structure
cell wall
Outer layer of a plant cell.  Made of cellulose

cellular respiration
Metabolizing of sugar by the mitochondria.  


Glucose + O2 --> Energy (ATP) + CO2 + H20

chloroplast
Making of sugar using light energy by the chloroplasts


Energy (light) + CO2 + H20 --> Glucose + O2

chromosome
DNA compacted around histone molecules forming a compact structure for cell division

cytoplasm
All parts of the cell inside the membrane but outside the nucleus

enzyme
A biological catalyst, usually a protein with a specific 3D shape

eukaryotic
Cell with membrane bound cell parts within the cytoplasm

golgi body (apparatus)
Part of the cell responsible for packaging and secreting cell products of the rough and smooth ER for export out of the cell

histone
Protein used to compact DNA for formation of a chromosome

lysosome
Cell part usually a vesicle with strong digestive enzymes. “suicide bags”

membrane
Phospholipid bilayer with imbedded proteins surrounding the outside of the cell.  Controls what enters and exits the cell.

mitochondria
Organelle that provides energy for the cell.  Site of cell respiration.  Makes ATP

nuclear envelope (membrane)
Double layer membrane with pores that surrounds the nucleus.  Controls what enters and leaves the nucleus

nucleolus
Round dark staining object(s) inside the nucleus.  Makes ribosomal RNA (rRNA)
nucleus
Central part of the cell, containing all of the DNA.  Controls protein synthesis
polysome
Cluster of Ribosomes in the cytoplasm.  Make the same protein that will be used inside the cell
prokaryotic
Cell lacking membrane bound cell parts within the cytoplasm.  No nucleus.  Ribosomes are the largest organelle in the cell

ribosome
Small organelle (largest bit found in a prokaryotic cell) that is responsible for making proteins.  Found in the cytoplasm and on the rough ER

rough E. R. 
Series of folded membranes.  Studded with ribosomes on the outside.  Makes proteins to be exported outside of the cell.

secretion
Sending a cell product outside of the cell through the cell membrane

smooth E. R. 
Series of folded membranes responsible for making lipids and steroids.  Also detoxifies drugs in cells.  No ribosomes on surface

synthesis
Making of a polymer from monomers.  H20 is removed.

vacuole
Larger vesicle usually used for storing material (chemicals, food, wastes etc.) within the cell.  Large central vacuole in plant cells also helps maintain rigidity of the cell

vesicle
Small, membrane bound sac used for storing and transporting materials inside the cytoplasm of the cells
The inner workings of a cell by the folks at Harvard.
WATCH the video.  List as many of the cell organelles that you can recognize.

Give your initial reaction to the video.  Share with your buddy.

Chapter 6 CELL ORGANELLES - Structure and Function  NOTES

Nucleus
-large, centrally located
-surrounded by a double layer membrane with pores
-contains DNA
-control centre of the cell
-transcription and replication occur in here

Nucleolus (Nucleoli)
-dark staining areas in the nucleus (usually spherical)
-contains specialized parts of chromosomes
-involved in rRNA production 
Ribosomes
-small dese staining granules
-involved in protein synthesis (ensure correct amino acids and make peptid bond)
-found on surface of E.R. (for producing proteins to be exported out of cell)
-also found free floating in cytoplasm in small groups called polysomes
-polysomes produce proteins to be used inside the cell.
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polysome on mRNA

Rough E.R. (Endoplasmic Reticulum)
-series of tubular canals connected in places with nuclear membrane
-covered with ribosomes
-produces proteins to be exported out of cell.
-proteins move inside the E.R. to the Golgi apparatus

Smooth E.R.
-similar in structure to rough E.R. except no ribosomes on surface
-associated with lipid and steroid production
-detoxification in liver cells

Vesicle
-a small vacuole
-often used to move certain compounds that need to be separated from the cytoplasm
-often formed from the Golgi apparatus or from infoldings of the cell membrane

Chromosomes
-only found in the nucleus, except when the nuclear membrane dissapears during cell division.
-contains DNA and proteins (histones) densly coiled together
-only visible near the time of cell division
-contains all the genetic material for the cell / organism



Mitochondria
-site of cellular respiration (glucose + O2 -> CO2 + H2O + ATP energy
-located in cell cytoplasm
-the more active a cell is, the more mitoch. it will have (eg muscle, retinal cells)
-converts food energy to a form of energy which can be used by the cell (this energy is in the form of ATP
-a double membraned structure where the inner membrane is highly infolded into cristae to increase inner surface area.
-have their own DNA

Golgi Body (Golgi Apparatus)
-looks like a series of flattened pancakes.
-materials which are produed elsewhere in the cell (esp. E.R.) are temporarily stored here. These materials are packaged into membrane enclosed vesicles which pinch off from the edges. These vesicles are distributed within the cell or are shipped to the cell membrane for excretion.

Lysosomes
-membrane covered vesicles of digestive enzymes which move throughout the cell.
-produced by the golgi body
-essentially bags of destructive enzymes "suicide bags"
-functions: a) attach to food vacuoles and digest contents
b) enables a developing organism to destroy old or malfunctioning cell parts.


Plastids
-found only in plant cells.
-have layers of membranes arranged in "coin-like" stacks called grana inside them.
-the individual sacks which make up a granum are called thylakoids.
- The inner portion of the chloroplast is called the stroma.
-3 types of plastids:

1. chloroplasts - most common
- contain chlorophyl (in grana)
- site of photosynthesis

2. chromoplasts - contain pigments other than chlorophyl
- carotene, xanthrophyl (orange and yellow pigments of fruits, leaves, and carrots

3. leucoplast - starch storage plastid (eg. in potato)

Vacuoles
-non living, and much larger in plant cells
-membrane covered sack usually filled with water and chemicals
-small vacuoles are called vesicles
Plant cells -forces cytoplasm into a thin layer against the cell membrane to allow for better gas exchange and to "pressurize" the cell.
-storage of waste products of metabolism.
Animal cells -digestion of food (eg: food vacuoles in Amoeba)
-elimination of excess water.
Cell Wall
-only in plant cells
-made of cellulose (sugars linked with a strong bond)
-a 3 layered structure surrounding the cell memb.
-very rigid (but porous) and difficult for animals to digest.
-three layers; primary cell wall, middle lamella, and secondary cell wall

Microfilaments
-thin solid fibres of protein
-provide skeletal framework for the cell (cytoskeleton)


Microtubules
-larger than microfilaments
-cylinder shaped, made of coiled protein called tubulin
-found in cilia, flagella and centrioles.

Cilia and Flagella
-hairlike projections of the cell (cillia - short and many, flagella - long and few)
-cell locomotion
-inside a "9 + 2" arrangement of microtubules (in X-section)
-both have a basal body at their base in the cytoplasm to act as an anchor. This has a "9 + 0" microtubule pattern
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"9 + 2"
Centrioles
-found in animal cells only
-create spindle apparatus during cell division
-also produce the basal bodies for flagella and cilia
-usually 2 centrioles lie on either side of the nucleus (during times of nuclear division)
-have a "9 + 0" microtubule arrangement


Differences Between Plant and Animal Cells:
1. plant cells have a cell wall , animal cells don't

2. plant cells have plastids , animal cells don't

3. plant cells usually have a large central vacuole , animal cells don't

4. animal cells have centrioles , plant cells don't 
Cell organelles table.  Try to do by memory first… then fill in what you can’t remember.  This chart will be a nice study tool for you to use for the Chapter test.

	organelle
	structure
	function
	Found in plant, animal
	Membrane:  none, single double
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Bio2 Cell Membrane chapter 7
active transport
Transfer of a substance into or out of a cell from a region of lower concentration to a region of higher concentration by a carrier protein and requires energy.  Cell pumping

carrier proteins
A protein molecule that combines with a substance and transports it through the cell membrane

concentration gradient
When there is a high concentration on one side of a membrane and a low concentration on the other side

crenation
A red blood cell that has been shrunk by placing it in a hypertonic solution

diffusion
Movement of a substance from a region of higher concentration to a region of lower concentration

endocytosis
The process when a vesicle is formed at the cell membrane to bring substances into the cell

exocytosis
Vesicle in cell fuses with the membrane to discharge contents out of the cell

facilitated transport
Molecules move through the cell membrane through a carrier protein from high to low concentration.  No energy is required

fluid mosaic model
Cell membrane is a phospholipid bilayer and has a fluid consistency, the proteins are scattered throughout the membrane in a mosaic pattern

glycolipids
Carbohydrate chain on external portion of membrane attached to a lipid molecule and acts as a cell “fingerprint”

glycoprotiens
Carbohydrate chain on external portion of membrane attached to a protein molecule and acts as a cell “fingerprint”

hydrostatic pressure
Water pressure as the result of the push of water molecules.  Water pressure in a tap or a column of water is an example of this

hypertonic
Has a higher concentration of solute and a lower concentration of water than a cell.  Is more concentrated and causes water to leave the cell (cell shrinks)

hypotonic
Has a lower concentration of solute and a higher concentration of water than the cell.  Is less concentrated and causes water to enter the cell (cell swells or bursts)

isotonic
A solution that contains the same concentration of solute and water as the cell so water neither enters or leaves the cell

lysis
Disrupted or bursted cell

osmosis
The movement of water from an area of higher concentration of water to an area of lower concentration of water across a semi permeable membrane

phagocytosis
The taking in of bacteria or debris (larger particles) by engulfing, cell eating.  Uses energy

phospholipids
Molecule that makes up membrane, it contains a polar (charged head) and 2 nonpolar tails

pinocytosis
The taking in of fluid along with dissolved solutes (small stuff) by engulfing, cell drinking or “sipping.”  Uses energy

plasmolysis
Contraction of a plant cell contents due to the loss of water.  The cell membrane pulls away from the cell wall and the cell becomes limp

selectively permeable
A membrane will only allow certain molecules through it, may depend on size or charge etc.

turgor pressure
Internal pressure that adds to the strength of a plant cell and builds up when water moves by osmosis into a cell.  The membrane pushes against the cell wall

CELL MEMBRANE:
 

Fluid Mosaic Model:
- double layer of phospholipids
- protien molecules imbedded in and throughout the double layer
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Proteins - help to move stuff through the membrane
- receptor sites that influences cell metabolism.
- Some compounds (proteins, carbohydrate, lipids) are attached to outer surface of the membrane, sometimes glycolipids, glycoprotiens etc.
- These act as cell "fingerprints" or "identity factors"

 MOVEMENT ACROSS A CELL MEMBRANE
Selectively Permeable
- some things can pass through it, other cannot
- depends upon size etc.
- selects in 6 ways :

1) Diffusion : - particles moving from an area of greater concentration towareds an area of lesser concentration until it is equally distributed.
Increase rate by:
- increasing temperature
- increase surface area
- changes in shape of molecules
- changes in concentrations
-decrease size of molecules
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Examples:
- alcohols (can disolve in phospholipids)
- gases (O2, CO2)
- water **This is called osmosis
2) Osmosis:
defined as:
- The net movement of water molecules from the area of greater concentration of water to the area of lesser concentration of water until it is evenly distributed
- must be across a selectively permeable membrane
- Water passes through the membrane, solutes (sugars, proteins, larger molecules) cannot.Water molecules move between the phospholid molecules
- Osmotic pressure can work against hydrostatic pressure (physical pressure)

Examples of Osmosis - H2O absorbed by large intestine and in kidneys

Facilitated Transport:
- movement of certain molecules that are not normally able to pass through the lipid membrane. Examples: Sugars, amino acids, etc.
- move towards the concentration gradient
- from greater to lesser concentration
- same as diffusion
- moved by carrier protiens in the cell membrane
- no energy is needed.

Active Transport:
- movement of certain molecules that are against the concentration gradient
- from lesser to greater concentration
- like "cell pumping"
- requires energy and carrier proteins in the cell membrane
ex: Na+ and K+ in cells

Endocytosis: ("Endo" means "in")
- the taking in of molecules or particles by invagination of the cell membrane forming a vesicle. *Uses energy*

Phagocytosis:
- large particles, visible with light microscope
- eg. white blood cells, amoeba

Pinocytosis: - molecules
- seen with electron microscope
- intestine cells
- "Intestine sipping"



Exocytosis: ("Exo" means "out")
- reverse of endocytosis
- vacuole / vesicle fuses with the cell membrane and "dumps" contents to the outside.
ex: Waste from Amoeba
Cell products from Golgi Apparatus

 ISOTONIC, HYPERTONIC, HYPOTONIC SOLUTIONS:

a) Isotonic Solution:

- the solution concentration is equal on both sides of the membrane .
- therefore, there is no net concentration difference across the cell membrane
- no net diffusion or osmosis occurs.

b) Hypertonic:
- The solution outside the cell is more concentrated than inside
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- therefore, the water will move out of the cell (osmosis) because the water is more concentrated inside the cell than outside.

In a plant cell this process pulls the cell membrane away from the cell wall, the cell looses its rigidity - Plasmolysis

c) Hypo tonic:
-Concentration inside the cell is more concentrated than outside.
- Water will move into the cell

.
ANIMAL
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PLANT: 
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This is known as Turgor Pressure and gives plant cells their rigidity.
 

SURFACE AREA WITH RESPECT TO CELL SIZEUse Suface Area to Volume ratio

- This is why cells are small
- If the volume of the cell increases, the amount of surface area does not increase in the same proportion.
- larger cells have much more volume for not as much increase in the amount of surface area.
- Cells overcome this by changing their shape
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Cell Y has the most surface area, all 4 cells have the same volume

- The size of surface area is important for the amount of material entering and leaving the cell
- The cell cannot get very large, because not enough material can diffuse through the membrane, to keep it alive.
The Sodium Potassium Pump  SEE page 91  Fig 5.10

· The sodium potassium pump is an active transport mechanism that is associated with nerve  and muscle cells.  This pump (carrier protein) moves sodium, Na +  to the outside and K+ to the inside of the cell.

· The change in carrier shape after the attachment of a phosphate group from ATP allows it to combine alternately with sodium ions and potassium ions.

· This results in both a concentration gradient and an electrical gradient across the plasma membrane.

· Remember that NaCl is important to the cell for many reasons.  Na is pumped across and then Cl - simply diffuses across the channels.

The Cytoskeleton is a network of fibers in the cytoplasm which supports the cell and dictates pathways.  It is composed of microtubles, microfilaments, and intermediate fibers.


Microtubles—hollow rods of tubulin protein found in the cytoplasm




Provide shape and support




Help with the separation of chromosomes




Cilia and flagella have a 9+2 pattern




Centrioles are 9 sets of 3


Microfilaments—thinner solid rods




     Have actin filaments




     Important for muscle contraction 


Intermediate fibers—important for the reinforcement of the shape of a cell and

          fixing the position of certain organelles

Important People

*1665 Robert Hooke used a simple microscope and made drawings of cork tissue

*1674 Anton van Leeuwenhoek  made a more powerful microscope and observed pond water

*1838  Matthias Schleiden  proposed that all plants made of cells

*1839  Theodor Schwann  proposed all living things made of cells

*1855  Rudolf Virchow  all new cells come from existing cells, refutes spontaneous generation theory

*1850 did experiment and 1884 Louis Pasteur proposed something smaller than a bacteria cell causes rabies

Bio 2

Cocaine and the membrane

Users of crack cocaine are more likely to become addicted than users of snorted cocaine.  How can the same compound produce these differences in behavior?  The answer lies in its pharmacokinetics, which describes the rate of distribution of drugs throughout the body.  This reading attempts to demonstrate several phenomena: 

1) how the acid-base characteristics of cocaine enable it to be dissolved in aqueous solution or volatilized in smoke, 

2) how the acid-base characteristics of cocaine enable it to pass through a biological membrane, 

3) how the composition of a biological membrane affects the ability of a charged vs. uncharged molecule to pass through, 

4) how the connections between the circulatory system and the lungs govern the speed at which drugs are delivered to the brain, and 

5) how the organism responds to psychoactive drugs that enter and leave the brain quickly vs. those that enter slowly and persist longer.

Learning Objectives-- students should understand the following:

1. The properties of a drug that define it as a weak acid or a weak base

2. What causes a weak acid to become charged or a weak base to become uncharged

3. The properties of a cell membrane and the drug that enable the drug to pass through the membrane

4. The basic anatomy of the circulatory system

5. How drugs distribute throughout the body.

6. The relationship between the rate at which a psychoactive drug enters the brain and its abuse potential

Chemical Bonds and Forces: A Review

Intramolecular bonds are the bonds that hold atoms to atoms and make compounds. There are 3 types of intramolecular bonds: covalent, ionic, and metallic.

Covalent Bond: a bond in which a pair or pairs of electrons is shared by two atoms.

- Molecular compounds refer to covalently-bonded species, generally of low molecular mass.

- Macromolecular compounds are high molecular mass compounds that are covalently-bonded and linear, branched, or cross linked.

- Network: compounds in which each atom is covalently-bonded to all its nearest neighbors so that the entire crystal is one molecule.

Ionic Bond: a bond that holds atoms together in a compound; the electrostatic attraction between charged ions. Ionic compounds are formed between atoms that differ significantly in electronegativity. The electron(s) involved in bonding is (are) transferred from the less electronegative to the more electronegative atom(s) forming ions.

Metallic Bond: a bond resulting from the attraction between positive ions and surrounding mobile electrons.

Intermolecular forces are the forces that attract molecules or particles to like or unlike molecules or particles. Typically, these forces between molecules form much weaker bonds than those bonds that form compounds. Intermolecular forces are described below. They are grouped into 3 subcategories based on the type of intramolecular bonds that form a compound: 

-Ionic compounds exhibit electrostatic intermolecular forces that form strong bonds with other ionic species. 

-Covalent compounds exhibit van der Waals intermolecular forces that form bonds of various strengths with other covalent compounds. The three types of van der Waals forces include: 1) dispersion (weak), 2) dipole-dipole (medium), and 3) hydrogen (strong).

-Ion-dipole bonds (ionic species to covalent molecules) are formed between ions and polar molecules. These compounds typically form medium to strong bonds.

There are five kinds of intermolecular forces described below; the bond strengths described range from strongest to weakest (the latter 3 are examples of van der Waals forces). Please remember that this comparison is relative to other intermolecular attractions and not to covalent or ionic bond strength; there are numerous exceptions that are not provided here.

- Electrostatic: attractive forces between ions of opposite charge; e.g., NaCl bonded to another NaCl to form a crystal of salt.

- Ion-Dipole: forces of attraction between a cation/anion and the solvent molecules when dissolved in water or other polar molecules; e.g., NaCl dissolving in H2O to form Na+ and Cl- surrounded by water molecules.

- Hydrogen Bond: a special type of dipole-dipole interaction between the hydrogen atom in a polar bond like O-H or N-H and the electronegative atoms, N, O, or F. These are much stronger forces of attraction than other dipole-dipole forces. When H, a very small atom, is bonded to other very small atoms with high electronegativity, they form a strong attraction to other similar atoms. Only N, O, and F form hydrogen bonds. Water molecules also form hydrogen bonds with other water molecules.

- Dipole-Dipole: forces of attraction between polar molecules. For example, one molecule of H2O is attracted to another H2O molecule because H2O is a polar molecule. Water is called the universal solvent because many ionic and covalent compounds will dissolve in it.

Dispersion (London forces): attractive forces that arise between temporary dipoles and induced dipoles in atoms or molecules; e.g., I2 bonded to I2 to form liquid or solid iodine. The larger the molecule, the stronger the dispersion force.

Bio 2 Student Worksheet



Name__________________
Cocaine is a highly addictive drug.  In recent years it has become well known that people who smoke cocaine (in the form of crack or the free base) may become more easily addicted and more readily abuse cocaine than people who snort cocaine.  Why would people show different patterns of abuse of the same drug, when administered by different routes?  To answer this question, one needs to understand the chemical nature of cocaine and how it gets from the site of administration to the brain, where it produces its psychoactive effects.

1. Most drugs are weak acids or weak bases.  Is cocaine a weak acid or weak base?

2. A weak acid or base can exist in 2 forms - charged (ionized) or uncharged (unionized).   What is the major factor that determines whether the weak acid or base is charged or un-charged?

3. In what chemical form (charged or uncharged) is cocaine snorted?  Smoked?  Why are they different?

Cocaine must pass through several barriers (cell membranes) to get from the nostrils or the lungs into the blood.

4. What kinds of molecules make a cell membrane?  Are there charges present on cell membranes?

5. In what form (charged or uncharged) must molecules, such as drugs, be to pass through a  cell membrane?

6.  What forces play a role in helping a drug such as cocaine cross a cell membrane?

Once in the blood, cocaine travels throughout the body, including the brain, where there is a very special membrane barrier.  The barrier consists of tightly packed cells that only allow certain compounds to cross from the blood into the brain.

7. How does the cocaine get from the blood vessels in the nose to the brain?  How does the cocaine get from the blood vessels in the lungs to the brain?  Which route is most direct to the brain?

8. In what form (charged or uncharged) must cocaine be to cross the barrier and enter the  brain?

Scientists in the fields of pharmacology and drug abuse have found that there is a relationship between the speed at which a psychoactive drug reaches the brain and its potential to be abused.   This is especially the case for drugs like cocaine that activate specific areas of the brain involved in addictive behavior.

9. Does cocaine reach the brain faster by smoking or snorting?  Why?  What about injecting it into a vein?

10. Is a user more likely to take more cocaine after smoking it or snorting it?  Will this result in a greater addiction potential?  Why?

Chemical characteristics of cocaine
Cocaine is a molecule made up of C, H, O and N atoms. It is a weak base (the N has 3 bonds) and, in solution, it exists in 2 forms in an equilibrium: the free base and the acid salt (see Figure 1). The predominant form in solution depends on the pH of the solution. In its free base form, the molecule is uncharged (unionized or non-polar) and is not readily dissolved in an aqueous medium (water). When the free base is reacted with hydrochloric acid (low pH), the N accepts a H+ and forms the hydrochloride salt. In this form, cocaine is ionized and is water soluble. Because the hydrochloride salt dissolves in solution, it can be snorted or injected. However, the ionized form (salt) can not be smoked because it is so stable at high temperatures, it does not volatilize (vaporize) in the smoke (see Module 5). In contrast, the free base form of cocaine (unionized) is easily volatilized by high temperatures so that it can be breathed into the lungs. [By the way, this is true of other free bases including nicotine and mor​phine.] The free base is usually made by mixing the hydrochloride salt of cocaine with sodium bicarbon​ate (baking soda). When the liquid mixture is evaporated, the solid “lump” of cocaine can be crushed up and heated (“crack”). Free base heroin or amphetamine (“ice”) are made the same way.
How does cocaine pass through a cell membrane?
The ability of drugs or other molecules to pass through cell membranes is based on 
1) the charac​teristics of the membrane and 
2) the physiochemical characteristics of the drug. 
The membrane is a sandwich (bilayer) of lipids, with the polar or hydrophilic (water-loving) headgroups arranged at the surfaces of the membrane and the non-polar or hydrophobic (water-fearing) fatty acid carbon chains in the middle (see Figure 2). Drugs that are unionized and non-polar are able to pass through the mem​brane easily because they dissolve in the hydrophobic core of the membrane. They use the driving force of the concentration gradient to move from the side of higher concentration to the side of lower concentration, until an equilibrium is reached (passive diffusion). 



 cocaine 
 

 aspirin [image: image20.png]


nicotine
Figure 1. Treating the cocaine free base with HCl generates the charged form of cocaine, cocaine hydro​chloride or the ‘acid salt’. Conversely, treating the acid salt with a base such as sodium bicarbonate (baking soda) yields the free base form of cocaine. Note: only the extra H is drawn in.

Even if the ionized form is administered (i.e., by snorting or injecting) it is quickly converted to the unionized form at the normal physiological pH of 7.4 (in blood and tissues). Cocaine is a weak base, so it has less tendency to ion​ize at a neutral pH compared to a more acidic environment. [This is indicated by the high dissociation constant or pKa (~8.7) for cocaine listed in chemistry handbooks and other reference books.]. Although membranes are hydrophobic in nature, there are small gaps between cells of the membranes through which water passes. Any compound dissolved in water (this means it is charged) that is small enough, i.e. less than a molecular weight of 100 daltons, can pass through the gaps with the concentration gra​dient. 
Capillary membranes are a special case. Capillaries (made up of endothelial cells) have numerous pores (“fenestrae” – latin for windows). These pores are actually spaces between the endothelial cells and they are larger than the small pores found in non-capillary membranes. The fenestrae allow large molecules (up to molecular weights of 25,000 daltons) and charged molecules to pass through without difficulty (Figure 3). So capillaries are much less restrictive to the passage of solutes. This prop​erty allows large molecules such as proteins and water-soluble vitamins to be delivered to other cells throughout the body.
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Figure 2. Schematic view of a cell membrane. Lipids are arranged with polar head-groups facing the out​side and inside of the cell, while the fatty acid chains form the non-polar (hydrophobic) membrane interior.

How the route of cocaine administration affects its rate of entry into the brain
Cocaine, like many drugs can enter the body a variety of ways (Figure 4). The easiest way to get cocaine or any drug into the bloodstream is to inject it directly into a vein since there are no membranes to traverse in order to get there. In contrast, if cocaine is smoked, snorted or ingested by mouth, it must pass several membrane barriers before reaching the bloodstream, and some of these processes are slower than others. Smoking a drug such as cocaine, nicotine or heroin, enables its entry into the bloodstream almost as fast as injecting (also see Figure 5). The lungs have a very large surface area for absorption of the drug from the alveoli (very small sacs where gas is exchanged) into the capillar​ies. Capillaries are the smallest form of blood vessels and are very numerous. In fact they are able to deliver nutrients such as oxygen and glucose to every cell in the body. They also pick up waste such as carbon dioxide and metabolic products. Once in the capillaries, the drug travels in the oxygenated blood to the heart and then gets pumped throughout the body (organs such as brain, liver and kidneys that have a high blood flow receive blood first) to reach all cells. 
However, the brain permits the entry of certain kinds of drugs; only those drugs that exist in their union​ized form are able to penetrate the group of membranes that form the “blood brain barrier”. The blood brain barrier consists of tightly packed capillary endothelial cells, so there are no pores through which charged compounds can pass (Figure 3). Drugs that are highly lipophilic (lipid-loving) such as cocaine penetrate most quickly. Other drugs that cross the blood brain barrier easily include nicotine, marijuana and heroin. (Some drugs can be transported across the blood brain barrier by binding to transport proteins.) By restricting only certain molecules (and drugs) from reaching the brain, the brain can be protected from dangerous compounds.
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Figure 3. Cross section of capillary showing endothelial cells. In the non-brain capillary fenestrae are pres​ent. In brain capillaries the endothelial cells are tightly packed and no fenestrae are present.

If a drug such as cocaine is snorted, it takes a little longer to get to the brain where it produces its psychoactive effects. Cocaine diffuses through special epithelial cells (mucosal cells) lining the nasal passages into nearby capillaries. There is a very extensive capillary network in the nasal passages so drugs are absorbed into the bloodstream fairly quickly. Then, the cocaine travels within the venous sys​tem to the heart, then to the lungs, and back to the heart for distribution throughout the body (Figure 4). 
The slowest way to get a drug into the bloodstream is by ingestion. When a drug is ingested by mouth, it travels first to the gut, where it must pass through mucosal cells lining the gut in order to get to the capillaries. Here in the gut, the pH is an important determinant of the drug’s chemical charge, and thus its ability to pass through the mucosal cell membranes. Most drugs are weak acids or bases and their charge will be determined by the pH of the surrounding medium. The very acidic pH of the stomach will keep weak acids in their uncharged (non-polar or unionized) form. In contrast, weak bases, like cocaine, will be mostly charged or ionized (polar) at low pH. As discussed above, ionized compounds have difficulty passing through most membranes (other than capillaries), while unionized compounds are more lipophilic, and slide through the membrane easily. Another factor that slows the appearance of drugs taken by mouth into the brain is metabolism. The capillaries in the gut connect to blood ves​sels that go directly to the liver, so as drugs leave the gut they travel to the liver first (this is called the 
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Figure 4. Modes of drug administration into the body. Red is the arterial side and blue is the venous side. Adapted from Ray O. and Ksir C. Drugs, Society, and Human Behavior, pg. 154. McGraw-Hill, New York, 2002

portal circulation). There, some of the drug is metabolized and inactivated as it passes through. Me​tabolites are often more polar forms of the parent drug, allowing them to be excreted in the urine more easily. After the drug leaves the liver, it travels to the heart, then to the lungs and finally back to the heart to be distributed throughout the rest of the body (Figure 4). Thus, in this case, less cocaine (in its active form) reaches the brain. This is one reason why abusers do not take cocaine orally (see below).
Why is smoked cocaine (crack) more likely to be abused or addictive than snorted cocaine?
Research in the fields of drug abuse, pharmacology and psychology indicates that the period of time between the introduction of a drug into the body and its ability to produce euphoria or pleasure is important in the abuse potential of that drug. Cocaine produces its high within seconds when smoked as crack; but it takes several minutes to produce a high when snorted (see Figure 5). Furthermore, co​caine leaves the brain very quickly after smoking stops, so the cocaine high produced by smoking does not last very long. In fact, crack cocaine users often experience a depression or “crash”, so they repeat the process. This can occur many times (binging). When snorted, the cocaine enters the brain more slowly since it must travel throughout the circulatory system first. The high lasts longer because the cocaine enters the brain over a longer period of time compared to when it is smoked. The user does not repeat the process as readily and the potential for abuse or addiction is not as strong compared to the user who smokes the free base. South American Indians obtain cocaine orally by chewing the coca leaf. As discussed above, relatively little cocaine reaches the brain and mild effects are produced slowly. The abuse liability of this form of cocaine is low

Glossary
addiction—the compulsive and habitual use of a drug, despite the experience of negative conse​quences.

blood brain barrier—a tightly joined layer of cells lining the capillaries in the brain. It restricts passage of drugs and other molecules across the cell layer into the brain to include only those that are lipophilic (uncharged).

drug—a substance that affects the structure or function of a cell or organism.

fenestrae—small spaces or pores between endothelial cells that form the capillary membrane. These pores allow charged drugs or larger drugs to pass through the capillaries.

free base—the unionized form of a weak base. With reference to cocaine, it is the smokable form.

hydrophilic (‘water loving’)— dissolves readily in water. Hydrophilic compounds exist in an ionized or polar form and have difficulty crossing biological membranes.

hydrophobic (‘water fearing’)—a compound that is soluble in fat but not water. This is typical of com​pounds with chains of C atoms.

lipophilic (‘lipid loving’)—high lipid solubility. Lipophilic compounds dissolve readily in oil or organic solvent. They exist in an uncharged or non-polar form and cross biological membranes very easily.

passive diffusion—The movement of a solute in its uncharged form to cross a membrane along a concentration gradient. No energy is required.

pharmacology—The study of the actions of drugs; a science that integrates biology and chemistry.

polar— a chemical property of a substance that indicates an uneven distribution of charge within the molecule. A polar substance or drug mixes well with water but not with organic solvents and lipids. Polar or charged compounds do not cross cell membranes (lipid) very easily.

psychoactive—Pertains to drugs that act in the brain to produce changes in mood, perceptions and behavior.

non-polar—a chemical property of a substance that indicates an even distribution of charge within the molecule. A non-polar or non-charged compound mixes well with organic solvents and lipids but not with water.

stimulant—A compound that activates certain pathways in the brain to increase alertness and de​crease fatigue.

Bio 2 LAB:  "Why Does Aspirin Cross a Cell?  
To Get To The Other Side!"
Objective(s):

1. To understand the definition of a weak acid or base

2. To demonstrate the movement of ionized and unionized forms of aspirin between an aqueous phase (water loving) and organic phase (lipid loving) at different pHs.

3. To understand how aqueous and organic phases mimic the biological membrane and the intracellular extracellular space.

Science Concepts:

Aspirin is a weak acid and it tends to ionize (give up a H atom) in an aqueous medium at high pH.  Drugs do not cross biological membranes when they are ionized.  In a low pH environment like the stomach (pH =2), aspirin is predominantly unionized and crosses membranes into the blood vessels readily.  At higher pH, in the intestine (pH = 6), a greater proportion of aspirin is ionized, so it moves across membranes more slowly (however, due to the very large surface area for absorption in the intestine, all the aspirin does enter the bloodstream).  The aqueous and organic phases can mimic the environment of the stomach or intestine and the cell membranes. 

Materials needed:

4 separation flasks (125 ml) or 150 ml beakers with small stir bars, 100 ml graduated cylinders, water, ethyl acetate (or an oil such as peanut oil), 1 M NaOH, pH meter, 4 aspirin (not buffered or enteric-coated), micropipets, filter paper, hand-held UV lamp, graph paper.

Hypothesis:  I think that aspirin will be absorbed more quickly in the stomach pH 3 OR intestine pH 6.  You choose one.
Procedure:

Place 1 aspirin tablet (325 mg) in 4 different beakers containing 50 mls of water.  The tablet will start to dissolve immediately, but the filler will not dissolve very well.  Adjust the 4 beakers with several drops of 1 M NaOH to make the pH of the solutions approximately 3, 5, 7 and 9.  The acidic aspirin will counteract the more basic solutions, so several drops must be added to get to a pH of 7 and 9.   Record the pH of each solution.  Shake or stir well.   Include a 5th beaker with no aspirin, just water, as a control.

This experiment can be performed with either peanut oil or an organic solvent such as ethyl acetate to mimic a biological membrane (a hydrophobic medium).  A procedure using the ethyl acetate follows.  Add  ~50 ml of ethyl acetate to each beaker.  Stir or shake vigorously for a few minutes.  Let the solutions stand for several minutes to allow the phases to separate.  The organic solvent is on the top and the water is on the bottom.  Carefully insert a micropipet through the organic layer into the water layer and remove a small amount of the water phase.  Apply it in a small spot on a piece of filter paper so that it spreads out to about the size of a penny.  Allow the spot to dry a bit before adding more sample.  The number of times the sample is spotted onto the filter paper must be the same for each of the different pH solutions.  Write the pH of the aqueous phase next to the spot.  Once the spots dry, the aspirin can be detected as a fluorescent spot by shining a UV lamp (short wavelength setting, 354 nm) over the paper.

Results:

If the filter paper method is used, the more fluorescent the spot, the more aspirin present in the sample.  So, at the lower pH, the aspirin will become unionized and move into the organic phase.  The pH 3 spot should not be fluorescent (the control spot should not fluoresce either).  As the pH increases, more aspirin will be ionized and stay in the water phase.  The pH 7 spot should be intensely fluorescent.

Discussion of Results:  
Discuss how the effect of decreasing the pH caused the aspirin to move into the organic phase (it was unionized at low pH) while increasing the pH caused the aspirin to stay in the water phase (it became ionized).  This is exactly how it happens in the body, where the cell membrane is the "organic" phase and the extracellular or intracellular space is the water phase.  

Predict where the aspirin is more likely to be absorbed into the bloodstream (stomach better than small intestine).  Describe the properties of a biological membrane (i.e. lipophilic core) that allow drugs in their non-polar (unionized) form to move across, along the concentration gradient.

Provide a definition of a weak acid in the context of the experiment.  Apply the concepts learned from the example with aspirin, a weak acid, to a drug that is a weak base, such as cocaine.  

Hypothesize how the results would have differed if they had performed the experiment with cocaine.  Without actually carrying out the experiment, predict whether cocaine that is orally administered by chewing coca, is absorbed more readily through the stomach or the small intestine.  If your group quantitated your aspirin data, your group should be able to plot hypothetical data for cocaine, with the expected results (with decreasing pH the cocaine should stay in the aqueous phase).

IYNB:  Write up a general lab report.  Include, Name, class, date, Title, Hypothesis, set up and material, A DIAGRAM of your set up with appropriate labels, Data, Discussion questions and answers to discussion questions, conclusion and summary statement that either accepts or refutes your hypothesis and states sources of error.
The following resources provide supplemental information that pertains to the topic in this activity.
Another way of detecting the presence of aspirin in the water phase is to use a UV spectrophotometer or a colorimeter.   Instead of applying test or standard aliquots to filter paper, aliquots can be added to cuvettes and placed in the instrument to obtain a reading of the absorbance of UV light (the absorbance wavelength should be around 275 nm).   If quantitation is desired, a standard curve can be constructed and used to estimate the amount of aspirin in the different aqueous aliquots.  To make the standards, first make a stock solution of 1 aspirin tablet in water adjusted to a pH of at least 7.0.  Calculate the concentration of aspirin in the stock solution (325 mg in 25 ml or 13 mg/ml).  After stirring with a stir bar for several minutes, filter the solution into a clean beaker to get rid of the undissolved filler at the bottom.  Organic extraction is not necessary since all the aspirin will remain in the water phase at high pH.  Make 3 standards by diluting the stock aspirin solution 1:1, 1:2 and 1:10 with water into clean beakers
calculate the new aspirin concentration for each dilution.  Include a control beaker with no aspirin. Put an aliquot of each standard into a cuvette and scan the absorbance with the UV spectrophotometer from 200-400 nm.

If a spectrophotometer is used to scan across a wavelength ranging from 200-400 nm, an absorbance peak will be present at approximately 275 nm.  The absorbance level (peak height) is increased as the pH of the aqueous samples increases.  (Note:  at higher pH, the peak tends to move to higher wavelengths and it picks up a shoulder.  This is probably due to contamination by the ethyl acetate which can become hydrolyzed at the more basic pH).  For quantitation of the results, construct a graph of the absorbance area (or peak height) vs aspirin concentration in each of the standards.  The amount of aspirin in each of the samples dissolved at different pHs can be estimated from this standard curve (i.e. for a given absorbance reading for each sample use the graph to find the aspirin concentration in the sample).

RR Levine, CA Walsh and RD Schwartz (2000).  Pharmacology: Drug Actions and Reactions,  Parthenon Publishing Group, New York. Chapters 4-6, 15.

CM Kuhn, S Schwartzwelder and W Wilson (1998).  Buzzed, WW Norton & Co., New York. Chapters 12,13,14.

SH Snyder (1996),  Drugs and the Brain, WH Freeman and Co.  New York. Chapters 1 and 5.

O Ray and C Ksir (1996).  Drugs, Society, and Human Behavior,  Mosby, St. Louis.  Chapters 6 and 7.

Cells and Cell Membrane Test Ready Sheet

Chapters 6&7
· Understand the parts of the cell theory

· Understand the metric system and conversions

· Know the parts of the microscope

· Be able to explain why cells are so small Know the relationship between surface area and volume of cells  

· Know the difference between the prokaryotic and eukaryotic cells – from text and birth of cells packet Know the approximate sizes of eukaryotic and prokaryotic cells

· Why do cells need a cytoskeleton?

· Know the theory of endosymbiosis for the evolution of the cell

· Be able to explain the similarities and differences between a plant and animal cell

· Know the structure and function, and be able to identify all of the organelles we covered in class 

· Be able to explain how organelles work together

· Understand what makes up the plasma membrane

· Know why it is called the Fluid Mosaic model

· Understand the differences between the five membrane proteins we covered

Channel, Carrier, Cell recognition, Receptor, Enzymatic

· Know the difference between and examples of active and passive transport

· Know the different types of cellular transport

· Know the mechanism for the sodium/potassium pump

· Understand tonicity and the effects on cells

List similarities and differences in structure and function between the following:


mitochondria & chloroplasts


Endoplasmic reticulum & Golgi apparatus


Actin filiments & microtubules


Microtubules & cilia/flagella

Review all three labs and understand their purposes, major ideas and content.
Review notes, quizzes and vocab.
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