AP Bio                                           	Nickel 	OKM


Unit 1 - Chemistry of Life/Molecules of Life

Brainy Biologist: _____________________				Deadline: _______________________


To Do Checklist: 

1. Reading Guides Chapter 1-3 								______	

2. Videos 											______	

3. Prezis links and note guides								______	

4. Labs/Activities										______	
		
5. Vocab 											______

6. Review – Macromolecules Table								______

7. Student Objectives 										______	
























Videos

	Bozeman  Biology  
- https://www.youtube.com/watch?v=ibhnP5suqK8&feature=youtu.be	
	[image: QRCode]







	Bozeman Three Domains of Life
- https://www.youtube.com/watch?v=wGVgIcTpZkk&feature=youtu.be
	[image: QRCode]







	Chemistry Background For Biology (good refresh if you are weak in Chemistry)
https://www.youtube.com/watch?v=XmBmghaw7_E&feature=youtu.be
	[image: QRCode]







	Bozeman Water A Polar Molecule  
- https://www.youtube.com/watch?v=iOOvX0jmhJ4

	[image: ]







	 Bozeman Biological Molecules
- https://www.youtube.com/watch?v=PYH63o10iTE&feature=youtu.be

	[image: QRCode]







	Hank: Water: Liquid Awesome
-https://www.youtube.com/watch?v=HVT3Y3_gHGg
	[image: ]







	

Hank: That's Why Carbon Is A Tramp
- https://www.youtube.com/watch?v=QnQe0xW_JY4


	[image: ]







	Hank: Biological Molecules: You Are What You Eat
- https://www.youtube.com/watch?v=H8WJ2KENlK0
	[image: ]







	Bozeman Gibbs Free Energy
https://www.youtube.com/watch?v=DPjMPeU5OeM
	[image: ]







	Bozeman Enzymes
https://www.youtube.com/watch?v=ok9esggzN18
	[image: ]







	Hank: Entropy: Embrace The Chaos! A complicated chemistry-based explanation (pay close attention around the 7:30min mark)
- https://www.youtube.com/watch?v=ZsY4WcQOrfk
	[image: ]














Prezi's
	Obligatory Introductory Lesson
· https://prezi.com/6gn_5zw5k6yn/ap-bio-introductory-presentation/
	[image: ]







	Atoms, Water & Carbon
· https://prezi.com/ckbmz4vq4ukc/ap-bio-chemistry-1-atoms-water-carbon-by-david-knuffke/
	[image: ]







	Macromolecules
· https://prezi.com/g87bueb4mmnf/ap-bio-chemistry-2-macromolecules-by-david-knuffke/
	[image: ]







	Cellular Energetics
· https://prezi.com/u5kt8ftfvc3k/ap-bio-energy-1-cellular-energetic-theory/
	[image: ]
























Chemistry Review: Atoms, Water & Carbon Prezi Notes
[image: ]												                
Atoms & Bonds

Big Questions:
	What is matter? Where does it come from?
	How do atoms interact with each other?
	How do the interactions of atoms lead to the emergence 
   of the raw materials necessary for life?

· [image: ]Atoms = The smallest fundamental unit of matter 
(worth considering in biology)

· There are ~120 different kinds of atoms ("elements ").

· Biology is made of - 

 ~10 minor, & ~30-50 trace elements



Energy & Atoms

Energy interacts with atoms in different ways.
· [image: ]Energy holds e-'s to the nucleus.
· When atoms absorb energy, -
· The movement of e-'s back to lower energy levels – 



Atoms Bond
Bonding is accomplished by electrons interacting between atoms (due to 
valence considerations).
2 major kinds of bonds hold atoms together.
 	Ionic Bonds							Covalent Bonds	
-								-
Not many possible combinations. 				Functionally infinite combinations.


[image: ][image: ]




All important biological molecules (eg. glucose, DNA) are covalently bonded.
[image: ]Polarity - 
· Leads to unequal distribution of charge in the molecule
· Polar Molecules are attracted to other polar molecules.
[image: ]           
Hydrogen Bonds –

· Common in Biological Systems




Bonds Determine Shape ...and shape is very, very important in Biology!
 -	
[image: ][image: ]
[image: ]

All Chemical Reactions result in the breaking and forming of bonds.
· In any reaction, -
Compounds & Emergence

· [image: ]The properties of a compound can be very different from the properties of the elements that make them
· Emergence - 


Radioactivity
· Atoms with – 
· Radioactive atoms spontaneously - 
Excess radiation is damaging to biological systems (why?)
Radiation is used in biology as molecular labels
Water

[image: ]Big Questions:
Why are you mostly made of water?
How does water function in biological systems?
How does the structure of water determine its properties?

Why is water such a big deal? – 
· The chemistry of life is solution-based chemistry
· - 
[image: ]
[image: ]Water's Unique Properties – due to its polarity and the resulting hydrogen bonds.

· Cohesion – 
· Adhesion – 
· Cohesion of water gives it – 
· Transpiration – 
[image: ]


· High Specific Heat: how much –
[image: ][image: ]
So what? –

· Solid water is less dense than liquid water 
· It floats!
· [image: ]Great solvent
   Why?



· [image: ]Dissociates
- Because it is so polar, water can easily break apart.
- This produces a - 
In pure water, the concentration of these ions is equal.
"Acids"- 

"Bases" – 

- pH - a measure of acidity.
- the -log of the [H3O+]
- In all (aq) solutions [H3O+] x [OH-] = 10E-14

pH & Biology
· Biological systems can only tolerate a narrow range of pH
· Extreme variations in pH have bad effects at all levels of organization

Carbon
Big Questions:
	Why is carbon a fundamental atom in biological systems?
How does the structure of carbon allow for functionally infinite complexity in the structure of molcules 
   that contain it?

[image: ]Why Carbon?
1. 
2.  

[image: ]Carbon is –





Stanley Miller - 


[image: ]Isomerism
	Isomers –

	Any molecule more complex than propane has at least one isomer. 

	Isomerism is another example of an emergent property. 

3 Kinds of Isomers
[image: ]   Structural - 


[image: ]
                    Cis-Trans - 
[image: ]

        Enantiomers -

[image: ]

Biological systems tend to use only one of any two enantiomeric forms. All cells use D-sugar and L-amino acids.




















Functional Groups - 
	 Functional Group
	Structure
	Name of Compound
	Functional Properties
	Example

	




	
	
	
	

	




	
	
	
	

	




	
	
	
	

	




	
	
	
	

	




	
	
	
	

	




	
	
	
	

	




	
	
	
	


[image: ]A small difference in functional groups yields a big difference:
 - The entire difference in the physical appearance of genders is due to the
    effects of these two hormones!

Macromolecules Prezi notes				Date:
Big Q’s – How are the molecules of biological systems constructed?
Why are particular groups of molecules needed in biological systems?
How do the interactions of biological molecules lead to the emergence of life functions?
Macromolecule is - 


4 Kinds:
1.
2.
3.
4.
Building Macromolecules
	Monomers - 
	Polymers -
[image: ]	The movement between monomers and polymers is facilitated by -
Dehydration Synthesis
·   


· 

· Builds complexity "_____________________"
· [image: ]Requires energy " ________________________" and enzymes.
Hydrolysis
·  
·  
· Reduces complexity " _________________________" 
· Releases energy " ____________________________" enzymes required
Tour: FOCUS ON!!!!
1.						2. 
3. 						4. 
[image: ][image: ][image: ]I. Carbohydrates
Ex:
Made of:
Function:
Monomers = 
[image: ]
Monosaccharides and Disaccharides
· Used for –
· Typically shown as – 
· Combine two monosaccharides to produce a - 
Polysaccharides – 
[image: ]1) Starch "amylose" - 
2) Glycogen - 
3) Cellulose – 
The difference between starch and cellulose is in the linkages between glucose units
Starch = alpha linked         Cellulose = beta linked       

II. Lipids
Ex:
Made of:
[image: ]Function

3 groups
	1) Trigylcerides - 
[image: ]

	Saturated vs Unsaturated
	 - Saturated =
 - Unsaturated = 
[image: ]
	2) Phospholipids - 


	3) Steroids - 
[image: ]

III. Proteins
[image: ]Made of:
Polymers of
Peptide bonds

Amino Acids 
Structure:
primary:
secondary:
tertiary:
quartenary:
Function
	Ex- Storage, Hormones, Transport, Structure

Ex – Sickle Cell Anemia

[image: ]
Denaturation


[image: ]IV. Nucleic Acids
Function
Made of
2 kinds
Polymers of:



DNA vs RNA
Sugar –
Bases – 

Strands – 
 
Main function
 DNA					RNA
Make sure you can …
 … identify the structures of the monomers and polymers of the four major classes of macromolecules.
… diagram the synthesis and hydrolysis of carbohydrates and polypeptides.
… explain the biological functions of all of the molecules in these notes.
… explain the emergence of all four levels of protein structure.
… describe the role of general role of nucleic acids in living systems.



































Cellular Energetics Prezi Notes

How do living systems adhere to the constraints of the universe?

How can a living system maintain order in a universe of increasing entropy?


[image: ]Theory - 2 Relevant Laws:

First Law – Matter and energy 





Organisms are 



[image: ]Work: 


Kinetic and Potential Energy:








Gibbs Free Energy: a measurement of 

· At the cellular level 














Exergonic Reactions
[image: ]

	- 	

	- 

	- 






Endergonic Reactions
[image: ]	
	-   

	- 

	-  



[image: ]



Biological systems use 









[image: ]




Second Law – Any closed system will 

· Portions of the universe

· Energy


Life is Highly Ordered

· Organisms use the energy

[image: ]


Life Requires Energy Input









[image: ]
Open and Closed Systems

· Closed 

Closed systems 


[image: ] They reach 


· Open 

  Open systems will not reach





 There is no inherent limit to the 

[image: ]Cellular Energy Theory

· The short 

·    

· The bonds between
[image: ]


· Much more free energy




[image: ]
· Much of the work done by cellular proteins









[image: ]Metabolism – refers to the sum total of 



· Energy from 



· [image: ]ATP




Reaction Coupling – refers to 


· 


[image: ]The Reaction Profile

· All reactions require an 

   
· 




Catalysts 
[image: ]
· Any substance that increases 
  
·   
  
· 


Make sure you can … 

… explain how living systems adhere to the first and second laws of thermodynamics.
… explain how living systems can increase in order even though the universe is moving towards a state of
 	 maximum entropy.
… compare exergonic and endergonic reactions.
… compare open and closed systems.
… explain how ATP allows for cellular work.
… explain the effect of a catalyst on a reaction profile.

















Milk Lab
Materials
Milk (whole or 2%)
Petri dish
Food coloring 
Dish-washing soap 
Cotton swabs
		Experiment
Procedure:
· Pour enough milk in the Petri dish to completely cover the bottom. Allow the milk to settle.
· Add one drop of each of the four colors of food coloring - red, yellow, blue, and green - to the milk. Keep the drops close together in the center of the plate of milk.
· Find a clean cotton swab for the next part of the experiment. Predict what will happen when you touch the tip of the cotton swab to the center of the milk. It's important not to stir the mix. Just touch it with the tip of the cotton swab. Go ahead and try it.
· Now place a drop of liquid dish soap on the other end of the cotton swab. Place the soapy end of the cotton swab back in the middle of the milk and hold it there for 10 to 15 seconds.
· Add another drop of soap to the tip of the cotton swab and try it again. Experiment with placing the cotton swab at different places in the milk. Notice that the colors in the milk continue to move even when the cotton swab is removed. 

Design an experiment to test what is making the milk move? Be sure to consider your controls, variables and results – record them accurately!!

Questions to consider in your experimental design:
1. What are the ingredients in milk?
2. If you replace the milk with another medium will you get the same eruption of color? Why or why not? 
3. What kind of milk produces the best swirling of color: skim, 1%, 2%, or whole milk? Why?
4. If you've taken chemistry – what do you remember about the structure of some of molecules found in milk?










Properties of Water Lab
Procedures
Station #1: Freeze!
1. Observe the differences between a can of soda that was frozen, and a can of soda that remained at room temperature

Station #2: Dish-and-Clips
Materials: paper clip, petri dish, tweezers, water in a beaker, paper towels
1. After drying off the paperclip with a paper towel, use the tweezers to gently set the paperclip onto the surface of the water.
1. When finished, refill the dish if necessary; place the paper clip on the paper towel to dry.

Station #3: Stir It Up
Materials: stirring rod, graduated cylinder, water in a beaker
1. Pour water from the beaker along the stirring rod and down into the graduated cylinder
1. Pour the water back into the beaker

Station #4: Sink or Swim
Materials: tongs, ice cubes (d=0.917 g/mL), beaker of water, beaker of ethanol (d=0.789 g/mL)
CAUTION: ETHANOL IS HIGHLY POISONOUS! DO NOT DRINK
1. Using tongs, place an ice cube in each beaker
1. When finished, leave materials as you found them. If more ice cubes are needed notify your teacher

Station #5: Stop on a Dime
Materials: dropper, dime, beaker of water
1. Make a prediction of how many drops of water will "fit" on the dime before it spills over the edge
1. Counting drops as you go, use the dropper to carefully add drops of water to the top of the dime.
1. Continue to add drops until water spills over the edge. Record the total number of drops.

Station #6: Much Color-ado About Nothing
Materials: food coloring, 2 test tubes, 2 10mL graduated cylinders, water in a beaker, oil in a beaker
1. Measure and add 5mL of water to one test tube and 5mL of oil to the other test tube.
1. Add 2-3 drops of food coloring to each test tube. Do not shake the test tubes. 
1. When finished, pour the test tube with water and food coloring down the sink, and pour the test tube with oil and food coloring into the garbage can.

Station #7: To Wax Philosophic 
Materials: wax paper, dropper, water in beaker
1. Using the dropper, form a small puddle (about the size of a dim) on the wax paper
1. Place the tip of the dropper in the center of the puddle and slowly drag the tip of the dropper around the wax paper.
1. When finished, dump the water back into the beaker.

Station #8: Anit-Gravity
Materials: paper towel, shallow dish of water, stapler
1. Fold a paper towel in half, then roll it into a tube which has a diameter smaller than that of the dish.
1. Stand the rolled paper town in the dish and observe.

Station #9: Loony Ballooney
Materials: paper towels, balloon, water in buret, buret stand, beaker of water
1. Rub the balloon with the paper towel.
1. Open the buret so a stream of water flows.
1. Bring the balloon near (but not touching) the stream of water.
1. When finished, refill the buret with water


Pipe-Cleaner Proteins
Your Instructions…

1. Work with a partner.  One partner gets two long pieces of pipe cleaner from the teacher, and the other gets 8 felt pens.  You’ll need the following 8 colours:  red, yellow, brown, green, orange, blue, purple, pink.  Each partner will colour one of the pipe cleaners.
1. Starting at one end of the pipe cleaner, colour a 2 cm segment with one of the colours of felt pen (choose any colour you like to start with).  Then leave a 3 cm space and colour another 2 cm segment a different colour, then continue on in the same fashion down the whole length of the pipe cleaner.  Again, the order of colours is up to you (don’t use the order listed in step 1 though), but only use each colour once.  Make sure that the order you choose is NOT the same as your partners.  Write out the order in the boxes below:
	Strand 1
	
	
	
	
	
	
	
	

	Strand 2
	
	
	
	
	
	
	
	


1. Once coloured from end to end, what you have represents a chain of amino acids.  The coloured segments represent the amino acids, and the uncoloured segments represent the bonds.
	1. 
	In the box to the right, draw an amino acid and label the groups on it.



	

	1. 
	How many kinds of R groups are there?

	

	1. 
	Draw a dipeptide, and colour the bond that forms between the two amino acids red.

	

	1. 
	What is the name of the bond that forms between two amino acids?
	

	1. 
	What type of bond is this, and what is special about it?


	

	1. 
	What do you call a chain of 8 amino acids?

	

	1. 
	The straight chain that you’ve just made represents what level of protein structure?
	



1. Wrap the pipecleaner around a pencil to form a spiral shape.
	1. 
	Draw the shape in the box to the right


	

	1. 
	What is the name of this shape?

	

	1. 
	What causes it?


	

	1. 
	What level of protein structure does it represent?

	



1. Suppose that there is an attraction between the blue and the orange amino acids.  Let’s also suppose that a “disulfide bridge” (a covalent bond that forms between sulfur atoms in “R” groups) forms between the red and green amino acid.  Let’s further suppose that there is repulsion between the purple and yellow amino acids.  Make your amino acid chain assume the shape that would seem the most logical, based on the information above.
	a.
	What level of protein structure does the chain represent now?

	

	b.
	Compare the shape of your protein chain to that of your partners, as well as that of two other people in the class.  Are they the same?  What is responsible for the difference?

	

	c.
	Make a sketch of your chain in the box to the right.





	



1. Join your amino acid chain to the one that your partner made, in a way that makes sense based on the information given in step 5.  Show your completed protein to your teacher.
	a.
	What level of protein structure does this represent now?
	

	b.
	Now that you have made your protein, what conclusions can you form about the effect of the primary structure on the shape of the protein?

	

	c.
	Exactly what determines the function of a protein?


	

	d.
	What does it mean to denature a protein?


	

	e.
	List 3 ways that proteins can be denatured.
	1

	

	
	
	2

	

	
	
	3

	

	f.
	Summarize the functions of proteins in the table to the right.
	Examples of Structural Functions
	Metabolic Functions

	
	
	1

	
	1
	

	
	
	2

	
	2
	

	
	
	3
	
	3

	

	
	
	
	
	4

	

	
	
	
	
	5

	



[image: 0021A]













Toothpickase Activity
[image: http://www.biologyjunction.com/images/ind_fit1.gif]Enzymes are used in all metabolic reactions to control the rate of reactions and decrease the amount of energy necessary for the reaction to take place. Enzymes are specific for each reaction and are reusable. Enzymes have an area called the active site to which a specific substrate will bond temporarily while the reaction is taking place. Enzymes are proteins that are used as catalysts in biochemical reactions. A catalyst is a factor that controls the rate of a reaction without itself being used up. In biological systems, enzymes are used to speed up the rate of a reaction. However, there are a number of factors that can affect the rate of an enzyme-facilitated reaction, in addition to the presence of the enzyme, amongst them are:


Substrate concentration
Temperature



Here is a set of quick activities designed to simulate how substrate concentration and temperature affect enzyme function. In the activities that follow:
One person’s fingers are the enzyme TOOTHPICKASE
The toothpicks are the SUBSTRATE
Toothpickase is a DIGESTIVE ENZYME. It breaks down toothpicks into two units. To hydrolyze the toothpick, place a toothpick between the thumb and the first finger of each hand. Break the toothpick in two pieces.

AP Bio	Nickel	OKM




	
	





Materials:

Part A: - 100 toothpicks / team
· beaker for broken toothpicks
· timer

Part B: - 1 box toothpicks per team
· 100 paper clips
· timer

Part C: - 10 toothpicks per team
· ice & ice bucket
· time
Procedure:
AP Bio	Nickel	OKM
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Part A - Rate Of Product Formation In An Enzyme-Facilitated Reaction
In this activity, the toothpicks represent a substrate and your thumbs and index fingers represent the enzyme, toothpick-ase. When you break a toothpick, the place where the toothpick fits between your fingers represents the active site of the enzyme.
1. Count out 100 unbroken toothpicks onto your desk.
2. Have one person in the group serve as the timer, have one person serve as the recorder, and have another person in your group act as the enzyme or toothpick-ase.
3. The person acting as the enzyme is to break toothpicks without looking at them and all of its products (broken toothpicks).All broken toothpicks must remain on the desk along with the unbroken toothpicks, & you cannot re-break a broken toothpick!.
4. The experiment is conducted in 10 second intervals.
5. WITHOUT LOOKING AT YOUR DESK, break as many toothpicks as you can in 10 second intervals and record this on the data table. Broken toothpicks should be kept on the desk with unbroken toothpicks because products & reactants mix in metabolic reactions. DO NOT BREAK TOOTHPICKS ALREADY BROKEN! Remember when counting, two halves equal a whole broken toothpick! 
6. Do another 10 seconds of breaking (total of 20 seconds now), and then count & record the number of toothpicks broken.
7. Do another 10 seconds (thirty seconds total now) more of breaking and count and record the number of toothpicks broken.
8. Continue breaking toothpicks for these total time intervals (60, 120, and 180 seconds). REMEMBER TO ALWAYS THROW BROKEN TOOTHPICKS BACK IN THE PILE (because products & reactants stay mixed in reactions), BUT DON’T RE-BREAK THEM (the enzyme has already acted on the substrate)
9. Graph the number of toothpicks broken as a function of time (10, 20, 30, 60, 120, & 180 seconds.) Be sure to title your graph and to label the x and y-axis.

Data Table 1 Title:												  
	Total Time (seconds)
	Number of toothpicks broken

	10
	 

	20
	 

	30
	 

	60
	 

	120
	 

	180
	 






Graph Title 1: ____________________________________________________________	
[image: http://www.biologyjunction.com/images/using_2.gif]
 




















PART B: Effect Of Substrate Concentration On Reaction Rate
1. Remove the broken toothpicks from desk. Place 100 paperclips onto desk. The paper clips represent a “solvent” in which the toothpicks are “dissolved”. Different concentrations are simulated by mixing different numbers of toothpicks in with the paper clips.
2. For the first trial, place 10 toothpicks on the desk with the paper clips. Mix them up. The enzyme has 20 seconds to react (break as many toothpicks as possible). Remember the enzyme breaks the toothpicks without looking at them and all of the products (“broken toothpicks”) must remain on the desk. Remember toothpicks can only be digested once; do not break toothpicks already broken! Record the number broken at a concentration of 10.
3. Remove the broken toothpicks and repeat with concentrations of 20, 30, 40, 50, 60, 70, 80, 90, and 100 toothpicks, each time mixing them with the 100 paper clips.
4. Graph the results.
5. Discuss your results and explain why the rates were different at different concentrations. Summarize the effect of substrate concentration on enzyme action.
Discussion & summary:
 
 
 



Data Table 2 Title:												
	Time (seconds)
	Toothpick Concentration
	Number of toothpicks broken

	20
	10
	 

	20
	20
	 

	20
	30
	 

	20
	40
	 

	20
	50
	 

	20
	60
	 

	20
	70
	 

	20
	80
	 

	20
	90
	 

	20
	100
	 


Graph 2 Title: ____________________________________________________________
[image: http://www.biologyjunction.com/images/using_2.gif]
 
PART C: Effect Of Temperature On Reaction Rate
1. Select 10 toothpicks. 
2. Time how long it takes to break the 10 toothpicks as fast as you can.
3. Place your hands in the pail of iced water for 5 minutes. Repeat step 1.
4. Calculate the rate of enzyme action in toothpicks per second. Compare the two rates.
5. Discuss your results and explain why the rates were different at different temperatures. Summarize the effect of temperature on enzyme action.

Discussion & summary: 
 
 


 
Analysis & conclusions:
1. What happens to the reaction rate as the supply of toothpicks runs out?
 


 
2. What would happen to the reaction rate if the toothpicks were spread out so that the "breaker" has to reach for them?
 
3. What would happen to the reaction rate if more toothpicks (substrate) were added?


 
4. What would happen to the reaction rate if there were two "breakers" (more enzymes)?


 
5. What happens if the breaker wears bulky gloves (active site affected) when picking up toothpicks?
 

 
6. Explain what would happen to an enzyme-facilitated reaction if temperature were increased. Be sure to include the effect if temperature were increased to 100°C.
 
 

7. What is the optimal temperature (°C) for enzymes functioning in the human body?


Isopod Behavior, or The RollyPolly Lab 
Objectives:
· Observe various aspects of a terrestrial isopod
· conduct experiments examining the responses of isopods to various environmental factors
· design and conduct an investigation of animal behavior
Isopod Handling and Rearing
Raise isopods in a clear shoebox or similar, the bottom should be covered with soil or sand and kept moist (use a mister). An old piece of bark, and leaf litter covering the soil. Isopods can be fed carrots, raw potatoes or apples (alternately fish flakes can be used as food). Moldy food or soil should be removed. Females can carry up to 200 eggs in a brood pouch underneath her abdomen and will remain in the pouch for about three weeks - they look the same as adults, only smaller. 
Larger isopods can be handled and observed easily with your hand, by picking them up with your fingers or gently scooping them up with a spoon. They are fast walkers and can withstand short drops. Immature isopods are more fragile than adults.
**Isopods are also called sowbugs and pillbugs. 
Background Information
Terrestrial isopods are land dwelling crustaceans, commonly known as sowbugs or pillbugs (or rollypollys). They are related to lobsters, crabs, and shrimp and terrestrial isopods breathe with gills. While they look similar, sow bugs are different from pill bugs. Pill bugs will curl into a ball when threatened whereas sow bugs will attempt to flee. Since your isopods are caught from the wild, make sure you are using the same type for your experiments. 
Ethology is the study of animal behavior. Many behaviors involve movement of the animal within its environment. In this exercise, you will investigate some innate (instincts) behaviors of isopods.
Orientation is a process by which animals position themselves with respect to spatial features of their environments. Taxis involves the turning of an animal's body relative to a stimulus - either toward or away. Kinesis is a random turning or movement of an animal in relation to a stimulus. 
Consider the following example: A researcher places a dead rotting mouse in the center of a test area and adds a carrion beetle (an insect that eats dead animals) somewhere on the surface. The beetle crawls forward for three seconds, turns and crawls in a different direction for three seconds, and so on. The researcher concludes that the beetle is moving randomly in relation to the dead mouse. Continued observation reveals that the beetle crawls faster (and covers more ground) when it happens to turn in the direction of the dead mouse. In addition, the beetle crawls more slowly (and covers less ground) when it happens to crawl away from the mouse. In this way, the beetle's random movements will eventually bring it to the dead mouse. It is important to take in details such as time spent crawling in one direction or another when observing the movements of the animals. 
Isopod Observations
In the first part of this exercise, you will observe pillbugs and record what you see. 
Analysis (include in lab report) 
· How do the pillbugs seem to sense their environment?
· Are they all the same species?
· Can you tell the difference in males and females?
· How many eyes do they have?
· How many legs
· Do they exhibit dominance behaviors?
· How do they respire?
· What are some stimuli they seem to respond to?
Scientific Sketching
When you make a sketch of a pillbug, don't just draw an oval with a few squiggly legs - you are expected to do a scientific illustration similar to the sketch of an earthworm below. 

Here are some tips for making an accurate sketch (include in your lab report)
· Determine the relative proportions (length, width, height as well as lengths of body parts)
· Count the number of body segments
· Count the number of legs
· Locate and label the body parts
· Note the size of the pillbug
The Behavior Chamber
For the experiments you design, you will need to create a chamber to test the isopods reactions. Each basic chamber will consist of two sides, each side having a different environment, plus a tube that connects the chambers so that the isopods can move from one place to the other. You will be given the following materials, but the design of your chamber is up to you.
Materials - plastic cups, straws, plastic bowls (or other things your teacher might provide for you). The same chamber can be used for multiple experiments.
Example:


Part A - Orientation of Isopods in Response to Moisture
Procedure: Set up your behavior chamber so that you have one side moist and one side dry (using paper towels). Transfer 5 isopods to each side of the chamber (total of 10). Count and record the number of animals on each side of the chamber every 30 seconds for ten minutes, using a table like the one below.
	Time (min:sec) 
	# in Wet
	# in Dry
	Other Notes

	0:00
	 
	 
	 

	0:30
	 
	 
	 

	1:00
	 
	 
	 

	1:30 
	 
	 
	 


Analysis (include in lab report)
1. Based on your observations, do isopods prefer a moist or dry environment?
2. Would this movement be taxis or kinesis?
3. Suggest a reason why this behavior might be advantageous to an isopod
Part B - Student Designed Experiment
Select TWO of the following factors to investigate. 
	Factor
	Materials (suggested) 

	Temperature
	cold pack, warm pack

	Light
	lamps, flashlights, dark construction paper, aluminum foil

	pH
	low pH (HCl), high pH (NaOH)

	Substrate (surface)
	soil, sand, sandpaper, bark, paper, cedar chips, gravel

	Odor
	ammonia

	Food
	apple, potato, fish food, lunchmeat

	Other Organisms 
	mealworms, crickets, superworms, earthworms


Begin with a hypothesis, often written as an IF-THEN statement (include in your lab report)
	Poor: I think pillbugs will move toward the wet side of a choice chamber.

Better: If pillbugs prefer a moist environment, then when they are randomly placed on both sides of a wet/dry choice chamber and allowed to move about freely for 10 minutes, most will be found on the wet side.


Use the procedure above as a guideline to design your experiment, and collect your data. (include in lab report)


Analysis (included in lab report)
1. Did the isopods exhibit kinesis, taxis or an obvious preference to one environment over the other?
2. What advantage might this behavior have for the isopod?
3. How could the experiment be improved? 

Lab Report
*Take all your notes and answers to analysis questions, clean them up and turn in a lab report that includes the following. Lab report should be typed (except drawings unless you want to scan them). 
1. Background and Purpose (describe the purpose of the experiment, include any relevant information about pillbugs)
2. Isopod Observation (answers to questions, scientific sketch)
3. Orientation in Response to Moisture (include data table, analysis questions)
4. Student Designed Experiment (Detailed description of your experiment, your hypothesis, data and conclusions, analysis questions answered)
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Bio 12 – The Principal Biological Molecules
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	Main Elements
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Biochemistry Student Objectives	

Enduring understanding 2.A: Growth, reproduction and maintenance of the organization of living systems require free energy and matter.
Essential knowledge 2.A.3: Organisms must exchange matter with the environment to grow, reproduce and maintain organization.
a. Molecules and atoms from the environment are necessary to build new molecules.
Evidence of student learning is a demonstrated understanding of each of the following:
1. Carbon moves from the environment to organisms where it is used to build carbohydrates, proteins, lipids or nucleic acids. Carbon is used in storage compounds and cell formation in all organisms.
2. Nitrogen moves from the environment to organisms where it is used in building proteins and nucleic acids.
3. Phosphorus moves from the environment to organisms where it is used in nucleic acids and certain lipids.
student objectives:  
4. Living systems depend on properties of water that result from its polarity and hydrogen bonding.
To demonstrate understanding of this concept, be able to explain water’s:
· Cohesion
· Adhesion
· High specific heat capacity
· Universal solvent supports reactions
· Heat of vaporization
· Heat of fusion
· thermal conductivity

Student objectives: 
· why is matter necessary for biological systems? 
· explain the uses of carbon, hydrogen, oxygen, nitrogen, phosphorous and sulfur in biological systems.
· Diagram the exchange of matter between organisms and the environment.
· what function does nitrogen serve in proteins?  In nucleic acids?
· what function does phosphorus serve in nucleic acids?  In phospholipids?
· Why do biological systems need water?
· How does the structure of a water molecule relate to its function(s)?
· How does the polarity of water lead to the emergence of unique properties in liquid water?


Enduring understanding 4.A: Interactions within biological systems lead to complex properties.
Essential knowledge 4.A.1: The subcomponents of biological molecules and their sequence determine the properties of that molecule.
a. Structure and function of polymers are derived from the way their monomers are assembled.
Evidence of student learning is a demonstrated understanding of each of the following:
1. In nucleic acids, biological information is encoded in sequences of nucleotide monomers. Each nucleotide has structural components: a five-carbon sugar (deoxyribose or ribose), a phosphate and a nitrogen base (adenine, thymine, guanine, cytosine or uracil). DNA and RNA differ in function and differ slightly in structure, and these structural differences account for the differing functions. 
2. In proteins, the specific order of amino acids in a polypeptide (primary structure) interacts with the environment to determine the overall shape of the protein, which also involves secondary tertiary and quaternary structure and, thus, its function. The R group of an amino acid can be categorized by chemical properties (hydrophobic, hydrophilic and ionic), and the interactions of these R groups determine structure and function of that region of the protein. 
3. In general, lipids are nonpolar; however, phospholipids exhibit structural properties, with polar regions that interact with other polar molecules such as water, and with nonpolar regions where differences in saturation determine the structure and function of lipids. 
4.  Carbohydrates are composed of sugar monomers whose structures and bonding with each other by dehydration synthesis determine the properties and functions of the molecules. Illustrative examples include: cellulose versus starch.
b. Directionality influences structure and function of the polymer.
Evidence of student learning is a demonstrated understanding of each of the following:
1.  Nucleic acids have ends, defined by the 3' and 5' carbons of the sugar in the nucleotide, that determine the direction in which complementary nucleotides are added during DNA synthesis and the direction in which transcription occurs (from 5' to 3'). 
2.  Proteins have an amino (NH2) end and a carboxyl (COOH) end, and consist of a linear sequence of amino acids connected by the formation of peptide bonds by dehydration synthesis between the amino and carboxyl groups of adjacent monomers.
3.  The nature of the bonding between carbohydrate subunits determines their relative orientation in the carbohydrate, which then determines the secondary structure of the carbohydrate.

Student objectives:
· Compare the synthesis and decomposition of biological macromolecules.
· Where does the energy needed to drive the synthesis of biological macromolecules come from?
· How does the structure of <polysaccharides, proteins, nucleic acids> influence the function of those molecules?
· How does the structure of DNA contribute to it’s roles in protein synthesis and heritability?
· Why is DNA a good molecule for information storage?
· How do the differences in the structure of DNA and RNA contribute to the difference in the functions of those molecules?
· Explain how the sequence of amino acids in a protein determines each level of that protein’s structure.
· Explain how the conditions of the environment that a protein is in affect the structure and function of that protein.
· Explain how the structure of lipids determines the polarity of the molecule.
· If the chemistry of water occurs in aqueous solution, why are lipids useful in biological systems?
· Why is starch easily digested by animals, while cellulose isn’t?
· Explain how directionality influences structure and function of the following polymer:
	1.  Nucleic acids
	2. Proteins
	3.  Carbohydrates


Learning Objectives:
· The student is able to explain the connection between the sequence and the subcomponents of a biological polymer and its properties. 
· The student is able to refine representations and models to explain how the subcomponents of a biological polymer and their sequence determine the properties of that polymer. 
· The student is able to use models to predict and justify that changes in the subcomponents of a biological polymer affect the functionality of the molecule. 
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Table 2.1 Elements in the Human Body

Percentage of Body Mass
Element Symbol (including water)
Oxygen o 65.0%
Carbon c 18.5%

96.3%

Hydrogen H 9.5%
Nitrogen N 3.3%
Calcium ca 1.5%
Phosphorus 4 1.0%
Potassium K 0.4%
sulfur s 03% ) 37%
Sodium Na 0.2%
Chlorine a 0.2%
Magnesium Mg 0.1%
Trace elements (less than 0.01% of mass): Boron (8), chromium
(Cr), cobalt (Co), copper (Cu), fluorine (F), iodine (1, iron (Fe),
manganese (Mn), molybdenum (Mo), selenium (Se), siicon (Si),
tin (Sn), vanadium (V), zinc (Zn)
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