BIOCHEMISTRY

Chapter 2 in the Mader text discussed aspects of chemistry that are particularly important to an understanding of biology.  Topics such as pH, the nature of biomolecules (proteins, carbohydrates, nucleic acids, and lipids), and the function of protein enzymes were introduced.  In this laboratory exercise, we hope to augment the text by allowing you to determine the pHs of some common substances, by introducing methods for the detection of some important biomolecules, and by investigating factors which influence the activity of enzymes.

pHs of common substances

Sophisticated, precision instruments exist for the determination of pH in a research laboratory, but for our purposes, these devices are not necessary.  We will use simple, hand-held, battery-powered pH meters.  Your instructor will acquaint you with their operation.

Check your meter in the pH 4 and 7 solutions at the supply table to be sure it is giving accurate results, then test the following liquids and record your results.

Solution tested

   Approximate pH



Edinboro tap water

_______



Distilled water


_______

  

Carbonated water

_______



Lemon juice


_______



Milk




_______



Milk of magnesia


_______

Which of the solutions has the highest concentration of protons (H+)?

What is milk of magnesia used for?  How does it work?

Is distilled water (or tap water) "pure water" in terms of pH?

What is the pH in the human stomach?  of human blood?  (See Figure 2.12 in Mader.)

Buffers

A buffer is a chemical that tends to prevent pH change, even when acid or base is added.  Buffers are important in maintaining the critical blood pH of ~7.4 despite the generation of metabolic acids and bases.  In this short exercise, you will observe the effect of a synthetic buffer, TRIS.  Its effect is similar to that of natural buffers.

Fill a test tube about halfway with the unbuffered pH 9 solution at the supply table, and fill a second tube with TRIS at pH 9.  Check the pH of both tubes with pH paper strips.  Add one drop of hydrochloric acid to each tube, mix thoroughly, then measure the pHs.  Record the pHs below.  Is TRIS an effective buffer?

Unbuffered + HCl:
pH (before) ______
pH (after) ______

Buffered + HCl:
pH (before) ______
pH (after) ______

Detection of biomolecules

Sophisticated analytical methods are available for the detection of most biological molecules, but, as in the case of pH determination, we will use simpler methods for the detection of proteins and carbohydrates in common substances.

Proteins will be detected via the Biuret test.  To a few drops of the substance to be tested, add an equal volume (same number of drops) of the concentrated sodium hydroxide (NaOH) solution provided, then add 1-2 drops of the 0.5% copper sulfate (CuSO4) solution.  If protein is present, a blue color (much deeper than the light blue copper sulfate) will develop.

Try the method first on the egg white solution, known to contain protein, then test the other solutions provided.  Record your results below.

Starch is detected by its reaction with iodine to yield black.  To test for the presence of starch, place a few drops of the solution to be tested into a test tube, then add 1-2 drops of iodine.  If the solution turns brown from the iodine, the result is negative, but if the solution turns black, starch is present.

Try the method first on the corn starch suspension at the supply table, then test the unknowns.  Record your results below.

Sugars are detected via Benedict's test.  Place about 1 ml of the solution to be tested into a test tube, add 3 drops of Benedict's reagent, then place the tube in a beaker of boiling water.  If sugar is present, the solution will turn orange-brown within a few minutes.

Try the method on the glucose solution at the supply table, then test the unknowns.  Record your results below.

Solution tested

Protein

Starch

Sugar

Egg white (Albumin)
  +++


XXXX

XXXX

Corn starch

XXXX

  +++


XXXX

Glucose


XXXX

XXXX

  +++

Milk

Grape juice

Broth

Factors influencing enzyme activity

Enzymes are biomolecules that speed up chemical reactions without being used up or destroyed by the reactions.  (The chemical term for this activity is catalysis.)  Enzymes are usually proteins, although a few RNA enzymes are known.  In this section, we will investigate factors such as temperature and pH in relation to enzymatic activity.  Specifically, we will look at the enzyme catalase, which catalyzes the breakdown of hydrogen peroxide to water and oxygen.  This enzyme exists in almost all plant and animal tissues, and is responsible for the elimination of toxic hydrogen peroxide generated as a by-product of normal metabolic reactions.  The chemical reaction is:




2 H2O2  
(  
  2 H2O   +  O2


hydrogen peroxide         water    oxygen

Enzyme activity is easy to detect.  If the enzyme is present and active, it will quickly lead to the release of oxygen gas, seen as bubbles, from hydrogen peroxide.  Your instructor will demonstrate this by dropping a slice of beef liver, containing catalase, into a beaker of hydrogen peroxide.  If the enzyme is active, bubbles will form; if the enzyme is absent or inactive due to adverse conditions, no bubbles will form.

Effect of pH on Enzyme Activity:  Your instructor will grind up some liver in water and filter out the large particles.  The filtered solution, containing the catalase enzyme, will be referred to as the "liver extract".  Fill three test tubes about ¼ - full with liver extract.  Lower the pH of the extract in tube #1 by adding a drop of hydrochloric acid and raise the pH of tube #2 by adding a drop of sodium hydroxide.  Check the pHs of all three tubes and record your results below.  Add 5 drops of hydrogen peroxide to each tube and look for peroxidase activity (bubbling).  Record your results on the next page.

Tube #
pH

Enzyme activity (present/absent)

1

___

_________________________

2

___

_________________________

3

___

_________________________

Does pH effect enzyme activity?   Do you think all enzymes prefer a neutral pH?

Effect of Temperature on Enzyme Activity:  Body temperature is about 37( Celsius, so it is reasonable to think that enzymes might be most active at this temperature.  A simple experiment will allow you to check this notion.  

Fill four tubes about ¼ - full with liver extract.  Place them at 0(, 20( (room temperature), 37(, and 55( Celsius.  Let the tubes remain in the baths for 5 minutes to reach the desired temperature, then add 5 drops of hydrogen peroxide to each tube.

At which temperature is the enzyme most active?  (Don't let pre-conceived notions get in the way of the truth!)

Denaturation of Proteins:  High temperature, for example 100( C, can have a destructive effect on proteins.  For example, egg white protein denatures, resulting in the white gel that we associate with boiled eggs.  Another simple experiment will show whether high temperature also denatures the catalase protein.

Fill two tubes about ¼ - full with liver extract.  Place one in a boiling water bath for 5 minutes and leave the other at room temperature.  At the end of the 5 minute treatment, place both tubes in a beaker of water (at room temperature) for 5 minutes to bring them to the same temperature.  Test both tubes for catalase activity by adding 5 drops of hydrogen peroxide.

Did the boiling water treatment damage the enzyme?  Why?   (Hint: look at Figures 2.25 and 3.13 in your text.)

Internet Resources

You can see a model of  the 3-dimensional structure of catalase at http://www.rcsb.org/pdb/cgi/explore.cgi?job=graphics&pdbId=4BLC&page
Look at the information about beef liver catalase at http://www.calzyme.com/catalog/catalase.html
What is the molecular weight of the enzyme?

What is the optimum pH for enzyme activity?

What metal forms part of the structure of catalase? 

Do you know of another protein that contains this metal?
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