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Science In Motion

Juniata College


Kidney Diffusion 
Standards (PDESAS):

BIO.A.1.2.2: Describe and interpret relationships between structure and function at various levels of biological organization (i.e., organelles, cells, tissues, organs, organ systems, and multicellular organisms).
BIO.A.4.1.1: Describe how the structure of the plasma membrane allows it to function as a regulatory structure and/or protective barrier for a cell.

BIO.A.4.1.2: Compare and contrast the mechanisms that transport materials across the plasma membrane (i.e., passive transport -- diffusion, osmosis, facilitated diffusion; active transport -- pumps, endocytosis, exocytosis).

Introduction and Background:

For an organism to survive, it needs to get rid of metabolic waste materials, as well as maintain proper concentrations of various necessary materials.  For example, human food consists of carbohydrates, fats, proteins, various salts, and water.  As these materials are metabolized, certain waste products are produced, such as carbon dioxide, water, urea and related nitrogenous compounds, salt, and various minerals.  If these waste materials remain the body, they quickly upset the body’s equilibrium (homeostasis), so they must be excreted rapidly and efficiently.
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The kidneys are very important organs within the human body because they are essential to maintaining homeostasis.  Humans have two bean-shaped kidneys that are found at the back of the abdominal cavity, one found on each side of the spine.  Each kidney is approximately the size of a person’s fist.  All the blood in the body must pass through the kidneys because the kidneys: 
· Assist in the regulation of blood pressure

· Stimulate red blood cell production (erythropoietin)
· Maintain calcium levels in the body

· Regulate the composition of blood by keeping the pH, concentration of various ions, and the volume of water constant.  The kidneys filter wastes (urea, ammonia, salts, drugs, water, and other toxic substances) from the bloodstream in order to keep the blood clean and chemically balanced.  

In order to filter the blood, the kidneys use the process of diffusion.  Diffusion is the random movement of ions or molecules from places of higher concentration to places of lower concentration.  Diffusion is a passive process; therefore it does not require the input of energy.  Diffusion occurs across the membranes of both animal and plant cells.  For example, as cells use up their oxygen supply, additional oxygen diffuses into them from their surroundings.  At the same time, carbon dioxide and other wastes diffuse out.  

[image: image4.jpg]A solution of ions in water conducts electricity because ions are electrically charged.  A conductivity probe is an instrument that records the electrical conductivity of a solution, a measure of the amount of ions present.  Note that an ion probe cannot measure the amount of electrically neutral molecules, such as sucrose (table sugar).
Sodium chloride and other salts produce ions when dissolved in water.  When you place a salt solution in a dialysis tubing membrane, the salt ions diffuse through pores in the membrane into the surrounding water, just like the salts diffuse from your blood stream into the kidneys to create urine.  By measuring the electrical conductivity of the water in this experiment, you will determine rates of diffusion of salt ions through the membrane and whether other particles affect the rate of diffusion.
Guiding questions:

1. Diffusion is directional.  It occurs from a higher concentration to a lower concentration of the ion or molecule.  Does the rate of diffusion change with the concentration of the diffusing particle or does the rate of diffusion stay the same no matter what the concentration?  

2. In the kidney, smaller molecules like salt easily diffuse out of blood stream into the kidney.  Why do molecules like sugar and protein stay in the blood stream?
Vocabulary:

Diffusion – the movement of ions or molecules from an area of higher concentration to an area of lower concentration.
Equilibrium – when the concentration of a solute is the same throughout a solution.1
Osmosis – the diffusion of water across a selectively permeable membrane.

Homeostasis – the maintenance of fairly constant internal conditions (examples:  blood glucose levels, pH, body temperature).2
Materials:

Computer with LoggerPro software
dialysis tubing (2.5 cm x 8 cm)
ruler
pi-pump pipetters


10ml pipets 



dental floss

Vernier computer interface

5% sucrose solution 


scissors

Vernier stir station


1%, 5%, and 10% blood solutions 
DI water


Vernier conductivity probe

400 mL beaker 


stop watch
                                    

250 mL beakers clamp

test tube clamp
Procedure:      
1. Connect the Vernier conductivity probe to the computer interface unit.  Check to be sure the probe is on the intermediate setting 2000 uS/cm (equivalent to a concentration of 1000 mg/L).

2. Prepare the computer for data collection by opening the file “04 Membrane Diffusion” from the Biology with Computers folder of Logger Pro.
Part 1: Concentration Gradients
In this section, you will test to see if different concentration gradients affect rates of diffusion.  Each blood/salt solution (1%, 5%, and 10%) will be placed in dialysis tubing in a beaker of deionized (DI) water and allowed to diffuse into the surrounding water.  The conductivity of the surrounding water will increase as the ions diffuse through the dialysis membrane thus simulating kidney filtration and secretion.
3. In Table 1, predict what will happen in this experiment.  Do you believe that the rate of diffusion for the 1%, 5%, and 10% blood/salt solutions will be different?  If so, state how.
4. Obtain a piece of wet dialysis tubing.  Twist one end of the tubing (twist ~1cm from the end of the tube) and tie a short piece of dental floss tightly at the twist.  Be sure to knot the dental floss at least 3 times to secure the floss.  Clip the dental floss ends so that they are ~1cm in length.
5. Open the dialysis tubing.  Using your pi-pump and 10ml serological pipet, pipet 5ml of the 1% salt solution into the dialysis tubing. Be careful to not overflow the tubing.
6. Trying to avoid a large air bubble, twist the end of the dialysis tubing and tie it off with another short piece of dental floss.  Be sure to knot the dental floss at least 3 [image: image5.png]NET FLOW

L



times to secure the floss.  Clip the dental floss ends so that they are ~1cm in length.  The tube should be firm after it is tied off.

7. Wash the outside of the dialysis tube with tap water so that there is no residual blood/salt water on the outside of the tube.

8. Your tube should resemble the picture.

9. Place 150 ml of the deionized water into the 250ml beaker.

10. Position the Conductivity Probe into the water by positioning the clamp on the support rod so that the probe is about 1cm from the bottom of the beaker.  (Note that this will put the microstirrer close to the bottom of the beaker, but NOT touching it.)  Once your clamp is set on the support rod, DO NOT move it again.  The beaker can be put under the probe and removed from under the probe without moving the clamp by loosening the three-prong clamp and gently pulling the probe upwards.
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Start the stirrer on the Stir Station by choosing #5, #6, OR #7 on the rheostat knob.  (Whatever number you pick, be sure that the solution is being stirred by the stirrer.  If the knob is turned up too fast, the stirrer will not stir the solution.  Be sure to set the stirrer to the SAME number with each trial!)  The light may be turned on if desired.  
12. Place the dialysis tube into the DI water making sure that the tubing is submerged and completely under the water.
13. Begin timing with the stop watch.  After stirring the solution for 30 seconds, begin data collection by clicking [image: image8.jpg]arcuate vein
arcuate artery

| M}}TF&
. Wi,
' i, =

medulla

interlobular artery
interlobular vein

cortex

minor calyxes

major calyxes
renal artery _4

renal vein
renal pelvis

ureter




.  Continue to stir the solution throughout the two-minute data collection period.  Data collection will automatically end after two minutes have passed.  (Collect button will automatically go from green to red to green again.)
14. Turn off your stirrer, remove the beaker—discarding the dialysis tube—and pour the DI water down the drain.

15. Determine the rate of diffusion:
a. Click on the word “Experiment” in the top menu bar.  Click on “Store Latest Run”.

b. Click on the Linear Fit (R=) [image: image2.wmf]  button in the tool bar.  

c. Choose “Run 1” in the floating dialog box.

d. Record the slope in the dialog box of the best fit line in Table 2 as your Rate of Diffusion.

16. Repeat steps 4-15 with the 5% and 10% salt solutions.

17. Examine your data closely.  Record your conclusion in Table 1
Data:










	Table 1

	
	Hypothesis
	Conclusion

	Part I
	
	

	Part II
	
	


Part I:

	Table 2

	Salt concentration  (%)
	Rate of diffusion (mg/L/s)

	1
	

	5
	

	10
	


Questions:
1.   What conclusion can you draw from the data in Table 2?

2.
How did your conclusion compare to your hypothesis for Part I? Can you account for any differences?

3.
If the rates in any of the three experiments varied in Part I, calculate how much faster each rate was compared to the other. For instance, if the rate of the 1% solution was 50 mg/L/s and the rate of the 10% solution was 250 mg/L/min, then the rate of diffusion for the 10% solution would be (250/50) five times the rate of the 1% salt solution.

4. Why are the kidneys important to the health of an animal?  How are the kidneys in vertebrates different from the nephridia of some invertebrates?
5. Why would certain substances in the urine (e.g. protein, sugars, blood) be an important tool for the medical community in diagnosing someone’s illness?

Extensions
1. Determine if the diffusion rate for a molecule is affected by the presence of a second molecule.  Do this by making a solution that is 5% salt and 5% sugar solution and comparing it to your results for the 5% salt solution.
12.5 grams NaCl; 12.5 grams Sucrose; 250 mL blood


2.   Make a plot of the rate of diffusion vs. the salt concentration in the dialysis bag.     



Using your plot, estimate the rate of diffusion of a 3% salt solution.

3. If the results of the experiment in Part I can be extrapolated to diffusion in living

systems, how would a single-celled organism respond in an oxygen rich pond compared to an oxygen poor pond? Explain.

4. If waste products of a single-celled organism were released by the organism into 

the pond, how would that affect the organism’s ability to obtain oxygen?

5.
Design an experiment to determine the effect of temperature on the diffusion of salt. Perform the experiment you designed.


6.
Ectotherms are organisms whose body temperature varies with the surrounding environment. On the basis of on your data from Extension Question 3, how do you expect the oxygen consumption of ectotherms to vary as the temperature varies? Explain.

ANATOMY Classes:

1. Describe why this experiment is a good representation of kidney function.   Discuss similarities and differences.  Good discussions should include:  filtration, secretion, passive transport, active transport.

Reference:

1 Miller & Levine, Biology, Pearson Prentice Hall 2004, pg.1093.
2Brum, McKane, and Karp, Biology Fundamentals, John Wiley & Sons, Inc. 1995, pg. G-12.
Credits:

Thank you to Dr. Jim Gooch, retired Juniata Professor, Department-Biology, for his assistance with re-writes!
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