Cell Biology Laboratory #3                                             Enzymes

Many chemical reactions in biology are not able to proceed on their own.  Instead, they need a catalyst in order for the reaction to proceed normally.  In biology there are certain proteins that play an important role as catalysts.  We call these proteins enzymes.  In many cases in Biology, enzymes act to break down really large molecules into their smaller components.  

For an example of how an enzyme functions in biology, let’s take a brief look at digestion.  A large portion of the nutrients in a potato is starch, which is made by combining many molecules of glucose to form a chain.  Our cells use glucose as a source of energy, however, in order to obtain the glucose, the starch must be broken down.  However, the starch is a stable compound and does not break down naturally.  This requires the work of enzymes.  The enzyme that breaks down starch is amylase and is found in amylase.  The amylase enzyme will catalyze the breakdown of the starch, resulting in free glucose molecules, which our cells can use.  Since the enzyme is a catalyst, it is not consumed in the reaction.  In other words, the enzyme that was present at the start of the reaction, is the enzyme, we retain at the end of the reaction.

How Enzymes Catalyze Chemical Reactions

As stated previously, and enzyme is a certain type of protein that catalyzes chemical reactions, such that these reactions can occur, when they otherwise would not.  Again, consider the reaction:
Starch ( Glucose
This reaction is catalyzed by amylase.  The initial reactant is the starch.  When we are dealing with reaction requiring enzymes, we call the initial reactant, the substrate.  The enzyme binds the substrate in specific place called the active site.  This is where the chemical reaction will take place.  Once the reaction has taken place, we are left with product.  In the example explained above, this is the glucose. 

Therefore, to review:

Starch = substrate

Glucose = product

amylase = enzyme

Concentrations of Enzymes vs. Concentrations of Substrate

There is a very important relationship between the concentration of enzyme and the concentration of substrate.  We call this relationship Michaelis-Menten Kinetics.  When studying this relationship in the laboratory, the concentration of the enzyme is always kept constant.  However, we do change the concentration of the substrate.  
Let’s start with studying the situation where the concentration of the substrate is low. Under these conditions, the enzymes in the reaction will have a hard time finding substrate molecules to bind.  Therefore, the rate of the reaction is slow (see graph below).  As we increase the concentration of substrate, the reaction should proceed faster (See X-axis on the graph).  The reason for this is that as more substrate is added, the enzyme has an easier time finding substrate from which to bind.  What happens when the substrate concentration is very high when compared to the amount of enzyme in the reaction.  In this scenario, the enzymes will easily be able to find substrate.  Therefore, the only limitation in the rate of the reaction is how fast the enzyme can convert the substrate to product.  At this point, the reaction is going at the fastest rate it can possibly go.  We call this point Vmax (maximal velocity).  The concentration at which ½ Vmax is reached is known as the Michaelis-Menton Constant (Km).
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You can also draw a double reciprocal plot to determine the Vmax and Km.  This is called the Lineweaver-Burk Plot.  In this graph, you plot 1/[S] on the X-axis and 1/V on the Y-axis, and then draw a best fit line between the points.  The point at which your line intercepts the X-axis constitutes -1/Km, and the point at which your line intercepts the Y-axis is 1/Vmax.
Working With Enzymes

The most preferable way to work with enzymes is within living cells.  This is because we would be working under the exact same conditions in which the enzyme is accustomed.  However, it is almost impossible to control chemical reactions that occur within cells.  Then, it would follow that it is almost impossible to follow enzyme activity within living cells.  Therefore, we must break open the cells and extract our enzyme before performing our reactions.  Once we make the extract we will perform all our enzyme assays in vitro.  

Studying Reactions Catalyzed By Tyrosinase
In this lab, we will study a reaction catalyzed by the enzyme tyrosinase.  Tyrosinase was first discovered in animal systems, and was named for its ability to break down tyrosinase to form doaquinone, an intermediate in the formation of melanin.  The dopaquinone can then be readily converted to dopachrome, an orange-red pigment, which is found in human red hair.  Additionally, dopachrome can be used to make the black/brown melanin pigment found in the skin (think of a sun tan) and hair.  
Although tyrosinase was initially found in animal cells, it is actually found in almost all eukaryotic cells.  It has been isolated from fungus, as well as plants.  Tyrosinase activity works similarly in plants, as it does in animals.  Therefore, it is implicated in the brown color you see as your fruits and vegetable go bad.  
The reactions tyrosinase catalyzes are as follows:
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Tyrosinase catalyzes both of the reactions shown above:

1. Tyrosine + O2 (DOPA

2. DOPA + ½ O2 ( Dopachrome + CO2
Technically, for the second reaction tyrosinase catalyzes the formation from dopaquinone from DOPA.  Then from the dopaquinone, dopachrome is formed spontaneously.  

We can monitor the activity of the enzyme by analyzing the disappearance of tyrosine and/or DOPA (the substrates) or the appearance of the dopachrome (the product), or by monitoring the uptake of oxygen or the production of carbon dioxide.  Physiologists and chemists have long preferred the manometric determination of gaseous oxygen exchange, but it is far simpler to measure the appearance of dopachrome pigment at an absorbance maximum of 475 nm.  This absorbance allows us to use standard spectrophotometric analysis by analyzing the rate of formation of dopachrome from the substrate DOPA.

It is this second reaction that we are studying in the lab.
In this lab, we will study tyrosinase isolated from one animal source (beef) and 2 plant sources (banana or potato).  Each group will have chosen one source of Tyrosinase from which to use in the laboratory.  At the end of the laboratory, the class will get together as a group to find out which tissue has the tyrosinase with the most activity.
List of Materials:

1) Bananas

2) Potatoes

3) Beef

4) Paring Knives

5) Large weighing dishes-near balances in 284 and 286
6) Blenders-Chilled place in cold room

7) Cheesecloth
8) Scissors (Place on Back Bench near cheesecloth)

9) 50 mL graduated cylinders (either in 284 or stock room)

10) 100 mL graduated cylinders (either in 284 or stock room)

11) 25 mL graduated cylinders

12) 50 mL Oakridge Tubes (Chilled-Place in Cold Room)

13) Graduated Cylinders

14) 100 mL Beakers (Chilled)

15) 250 mL Beakers

16) 2 L waste jar for liquid waste

17)  Ice Buckets

18) Small Glass Stirring Rods
19) 1 mL, 5 mL, 10 mL Disposable Pipets

20) Pipet Bulbs

21) Aluminum Foil
22) Extra Large Test Tubes 
23) 5 mL Microcuvettes
24) 6 X Kimwipe Boxes (near each Spectrophotometer)

25) 0.1 M Sodium Fluoride (0.1M NaF) (Be careful when using-this solution is poisonous)

26) Saturated Ammonium Sulfate

27) 0.1M Citrate Buffer, pH = 4.8 (make 2 Batches)

28) 8mM DOPA (Dissoloved in Citrate Buffer)
 Experimental Procedures
Procedure:

1.  Wash a small potato and cut into pieces about 1 inch square (no need to peel it).

2.  Add 35 grams of the potato to a cold blender, along with 35 mL of cold 0.1 M sodium fluoride (NaF).  Homogenize using six 10-sec bursts at high speed.


CAUTION:  SODIUM FLUORIDE IS A POISON!  WEAR RUBBER GLOVES WHILE 
HANDLING, AND WIPE UP ANY SPILLS IMMEDIATELY.

3.  Pour the homogenate (mixture) through several layers of cheesecloth and into a beaker.

4.  Measure the volume of the homogenate and add an equal volume of saturated ammonium sulfate.  That is, if the fluid volume of your homogenate is 35 mL, add 35 mL of saturated ammonium sulfate (saturate ammonium sulfate is 4.1 M at 25 C).  This will cause a floculent white precipitate to appear as many of the previously soluble potato proteins become insoluble.  The enzyme tyrosinase is one of these proteins, and will be found in the subsequent precipitate.

5.  Place the ammonium sulfate-treated homogenate into chilled centrifuge tubes.  (You will need 1 centrifuge tube of extract per pair).  Record the volume of liquid in that centrifuge tube __________. Centrifuge at 6,500 x g (7500 rpm/SS34 rotor, Sorval Centrifuge) for 5 minutes @ 4° C.

6.  Collect your centrifuge tubes and carefully pour off and discard the supernatant fluid.  SAVE THE PELLETS. 

7.  Add 10.5 mL of 0.1 M citrate buffer, pH 4.8, to each pellet.  Use a glass rod to break up and resuspend each pellet in the buffer, keeping the preparation ice cold.

8.  Again, place the solution into centrifuge tubes (balance the tubes) and recentrifuge at 500 x g  (2000 rpm, SS34) for 5 min at 4° C.

9.  Pour off and save the supernatant in a test tube (THIS IS YOUR ENZYME EXTRACT!)   Label it “Enzyme Extract" and place it on ice.

10.  Remind the instructor that the rotors need to be carefully rinsed after centrifuging with ammonium sulfate.  This is necessary so that the concentrated salt does not corrode the bottoms of the wells in the rotors.

*The enzyme tyrosinase is insoluble in 50% ammonium sulfate, but is soluble in the citrate buffer.  Keep this extract chilled for the duration of the laboratory period.  Tyrosinase is stable for about two hours under the conditions of this experiment.

Part 2:  Preparation of a Dopachrome Standard Curve
In this part of the lab, you will prepare a standard curve for dopachrome so that the number of µmoles of product formed by your extracted tyrosinase enzyme can be determined.

Materials:


8 mM DOPA





Spectrophotometer and cuvettes


Enzyme extract (from Part 1)



Foil


Wide Mouth  Test Tubes



0.1 M Citrate Buffer, pH 4.8


5 mL pipette

Procedure:

1.  Begin by preparing a stock solution of the orange-colored dopachrome product from the substrate L-DOPA.  To 10 mL of 8 mM DOPA, add 0.5 mL of your enzyme extract and allow the solution to sit for 15 min at room temperature in a test tube (completely covered with foil).  During this period, all of the DOPA will be converted to dopachrome, and your solution will now contain 8 mM dopachrome.

2.  Prepare a 1:1 series of dilutions of the 8 mM dopachrome to yield the concentrations in the table below.  You will be making  2 mL of each concentration.  For example, if you take 2 mL of 8 mM dopachrome and dilute this solution with 2 mL citrate buffer you will be left with 4 mL of  4 mM dopachrome.  If you take 2 mL of the 4 mM dopachrome and dilute them  1:1 with citrate buffer you will have 2 mM dopachrome, etc.  After each dilution it is very important to mix thoroughly.  You can discard 2 mL from tube 7 after diluting the 2 mL from tube 6.  Tube #8 contains only citrate buffer. 

	TABLE A

	Tube Number
	mL of 8 mM dopachrome
	mL of tube number  ___
	mL of citrate buffer
	[dopachrome] mM

	1
	4 mL
	0 mL
	0 mL
	8 mM

	2
	0 mL
	2 mL of Tube 1
	2 mL
	4 mM

	3
	0 mL
	2 mL of Tube 2
	2 mL
	2 mM

	4
	0 mL
	2 mL of Tube 3
	2 mL
	1 mM

	5
	0 mL
	2 mL of Tube 4
	2 mL
	0.5 mM

	6
	0 mL
	2 mL of Tube 5
	2 mL
	0.25 mM

	7
	0 mL
	2 mL of Tube 6
	2 mL
	0.125 mM

	8
	0 mL
	0 mL
	4 mL
	0 mM


With these dilutions, you now have final concentrations of 0 to 8 mM dopachrome.  Tube #8 contains no dopachrome and is used to "zero" the spectrophotometer.

The units of concentration are millimolar (mM).  A 1.0 mM solution contains 1 mmole dopachrome per liter = 1000 µmoles dopachrome per liter = 1 µmole dopachrome per mL.  For the remainder of this experiment, be sure to distinguish between concentration (mM = mmole/L) and total amount of dopachrome present (µmoles).

3.  Turn on your spectrophotometer and set the wavelength to 475 nm ("visible").   Organize the appropriate number of plastic cuvettes.  Make sure that all of the cuvettes are of the same type and are optically perfect (no frosted sides or discoloration).  DO NOT write on the cuvettes.  Transfer about 2 mL from tube #8 (Blank) to a cuvette, place the cuvette in the spectrophotometer and adjust the spectrophotometer to 0 Absorbance (Not transmittance).    (See the instructions for the use of the Spectronic 601 spectrophotometer that are available at: http://bio.winona.msus.edu/berg/307s03/Labs/documents/Spect601.doc).  Read the absorbance of each of the remaining dilutions, starting with the most dilute and going toward the most concentrated. Record the absorbances below.

	TABLE I

	Tube Number
	Concentration of Dopachrome (mM)
	Absorbance at 475 nm

(A475)
	Extinction Coefficient

(A/cl)

	8
	0
	
	

	7
	0.125
	
	

	6
	0.25
	
	

	5
	0.5
	
	

	4
	1
	
	

	3
	2
	
	

	2
	4
	
	

	1
	8
	
	

	Average Extinction Coefficient =
	


4.  Calculate the values for the last column of the table.  The last column represents the simplest calculation of the extinction coefficient for dopachrome absorbance.  Average the values in this column (for tubes 2 - 7) to get the average extinction coefficient.  This value can be used in subsequent determinations of dopachrome concentration according to the Beer-Lambert law:  A = ecl  where A = absorbance = optical density or OD;  e = millimolar extinction coefficient in units of L/mmol·cm;  c = concentration in mmol/L, and l = a light path length of 1.0 cm. Therefore, the concentration of product (dopachrome) = A/el.  If you know the extinction coefficient and you can measure the absorbance you can always determine the concentration.

*You can more accurately determine the extinction coefficient by performing a linear regression analysis of your data.  The slope of the linear regression will represent the extinction coefficient for your sample.

5.  Plot the absorbance value at 475 nm versus the concentration of dopachrome (mM).  The known concentration of dopachrome should be on the X axis, while absorbance should be on the Y axis.  You will need this graph for part 3.  This graph is your standard curve.  Whenever you have a dopachrome containing solution of unknown dopachrome concentration, you can compare the absorbance at 475 nm of the unknown solution to the standard curve to determine the concentration of the dopachrome in the unknown.

Part 3:  Enzyme Concentration and Determination of Initial Velocity

Tyrosinase activity is a measurement of the velocity (rate) at which substrate is converted to product. In part 3, The purpose of assaying your stock enzyme (and dilutions of your stock enzyme) is to estimate the concentration of enzyme that results in an absorbance of about 0.25 in one minute, a change that provides an accurate estimation of the initial velocity of the reaction.

Materials:


Enzyme extract (from Part 1)



Spectrophotometer and cuvettes


0.1 M Citrate Buffer, pH 4.8



Ice bath


10-mL pipette





8 mM DOPA

Procedure:

To measure the initial velocity of your stock enzyme solution:

1. If not already done, turn on the spectrophotometer and set it to measure the absorbance at 475 nm.

2. "Zero" the spectrophotometer with a blank containing both 2 mL of citrate buffer and 0.5 mL enzyme.

3. Add 2 mL of 8 mM DOPA substrate to a second cuvette.

4. Now add 0.5 mL stock enzyme to the DOPA substrate, cover with Parafilm, invert the cuvette twice to mix the solutions and measure and record the absorbance after exactly 1 minute.

If the absorbance is greater than 0.25, repeat steps 1-4 above, using the appropriate dilution of your stock enzyme.  You must prepare new blanks with the diluted enzyme for each dilution that you use.

To make dilutions of the enzyme:


a)  For a 1/10 dilution, add 1.0 mL of your stock enzyme to 9 mL of citrate buffer and mix by 

                 inversion.  Test 0.5 mL diluted enzyme in the above assay.


b)  For a 1/20 dilution, remove 5.0 mL of the 10-fold dilution and add to 5.0 mL citrate buffer 

                  and mix by inversion. Test 0.5 mL diluted enzyme in the above assay.


c)  For a 1/40 dilution, remove 5.0 mL of the 20-fold dilution and add to 5.0 mL citrate buffer 

                 and mix by inversion. Test 0.5 mL diluted enzyme in the above assay.

	A475 @ 1 min
	[Dopachrome] from std curve*

(mmol/L)
	Volume of  reaction in mL
	Total Dopachrome

Produced (µmoles)
	Reaction 

Velocity

µmoles/min

	
	
	
	
	


* [Note:  The [Dopachrome] will be in mM = mmol/L = µmol/mL]

Calculations:

1.  Convert the absorbance change for the appropriate dilution to velocity (µmoles/minute), by using data in your standard curve. 

2.  Calculate the concentration of tyrosinase as units of tyrosinase/mL present in your undiluted enzyme preparation.  You already know how many µmoles of Dopachrome were produced by 0.5 mL of your enzyme.  One unit of tyrosinase is defined as the amount of tyrosinase that converts 1 µmole DOPA to dopachrome in a minute.

Part 4 - Determination of Km and Vmax  (Michaelis-Menton, Lineweaver/Burke plot)
Materials:


Enzyme extract, diluted to yield an absorbance value of ~0.25 in ~1 minute 


(with 2 mM Dopa dilution)


8 mM L-DOPA in citrate buffer, adjusted to pH 4.8


Spectrophotometer and cuvettes 

Procedure:

1.  Prepare a Blank containing 2 mL citrate buffer and 0.5 mL enzyme.

2.  Make sure that the Genesys6 spectrophotometer is operating in Absorbance mode.

3.  Using a piece of Parafilm, invert the cuvette twice, carefully note the time and place the cuvette in the spectrophotometer in the cuvette holder labeled “B”.   Push the “B” button to rotate the blank into the optical path.   Wait exactly 1 minute after the inversion and then push the “Measure Blank” button.  This will set the zero on the spectrophotometer.  (Note:  you may notice that the screen display of the absorbance is constantly changing.  This is because the enzyme preparation is typically somewhat turbid and as the particles of material are following out of solution the apparent absorbance (its actually changing light scattering) is changing.)

4.  Obtain five plastic cuvettes and place them in a cuvette holder.  Make sure that all of the cuvettes are of the same type and are optically perfect (no frosted sides or discoloration).  DO NOT write on the cuvettes.  

5.  Prepare a series of five cuvettes that contain 2 mL of  L-Dopa solutions of the following concentrations: 8 mM, 4 mM, 2 mM, 1 mM, and 0.5 mM Dopa.   (Do the dilution in cuvettes just like you did when you diluted the orange Dopachrome solution.  Start with 4 mL of 8 mM Dopa in the first cuvette.  Transfer 2 mL of the 8 mM Dopa to 2 mL of the citrate buffer.  This will dilute the 8 mM Dopa to 4 mM and will provide a final volume of 4 mL.    Mix thoroughly and then transfer 2 mL of the 4 mM Dopa to 2 mL of citrate buffer to make 4 mL of 2 mM Dopa and so on.)

6.  Test 2 mL of each substrate dilution with 0.5 mL enzyme, one at a time in the following manner:   Add 0.5 mL of enzyme (or enzyme dilution as appropriate) to 2 mL of one concentration of diluted substrate.  Invert to mix with Parafilm, carefully note the time and immediately insert tube into spectrophotometer into the cuvette holder labeled “1”.  Push the 1 button to bring the cuvette into the active optical path.  Read the absorbance off the screen exactly 1 minute after mixing the enzyme with the substrate.  Record the A475  in the TABLE below and proceed to the next sample.

7.   Determine the concentration of product produced at each absorbance from your standard curve. 

8.  Determine the velocity of the enzyme reaction for each substrate concentration.  Fill in the following TABLE:

	[Substrate] = [DOPA] (mM)
	Absorbance at 475 nm at exactly 1 min
	[Dopachrome] from std curve
	Total µmoles

Dopachrome produced
	Reaction Velocity (µmoles/min)
	1/Velocity
	1/[Substrate] = 1/[DOPA]

	0.5


	
	
	
	
	
	

	1.0


	
	
	
	
	
	

	2.0


	
	
	
	
	
	

	4.0


	
	
	
	
	
	

	8.0


	
	
	
	
	
	


6.  Plot the rate of DOPA conversion (v) (y-axis) and substrate concentration (X-axis).  (Michaelis-Menten plot). (Note: Do not draw a best fit line)

7.  Plot a double reciprocal of the values plotted in step 4, that is, 1/S versus 1/v.  (Note that the x 

     intercept is -1/Km, from which the Michaelis-Menten Constant (Km) may be determined.  The y         

     intercept is 1/Vmax and the slope equals Km/Vmax.)

8.  What is the apparent Km value for tyrosinase?  (use appropriate units)  ______________

9.  What is the Vmax value for tyrosinase? (use appropriate units)  _______________
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