Biology of the Cell (BIOL 1021) 

Lab 2


Biochemistry


Introduction:
Cells are composed of five broad categories of chemical molecules: inorganic molecules and organic molecules belonging to the classes of carbohydrates, lipids, proteins and nucleic acids.  While all cells contain some of all of these molecules, the proportion of the chemicals that comprises a particular cell will be determined by the function of that particular cell.  

In this experiment we shall use chemical procedures known to be specific for certain classes of organic molecules to test for the presence of those types of molecules in chemical mixtures encountered in biological systems.

Let us take a closer look at 3 of the 4 building blocks of cells that we shall encounter this semester.

Carbohydrates are composed primarily of the elements carbon (C), hydrogen (H) and oxygen (O) at a ratio of 1:2:1, respectively.  An important characteristic of carbohydrates is that they are polyhydroxyl aldehydes and ketones, meaning that they have a double-bonded oxygen (=O) attached to one of their carbon atoms and hydroxyl (-OH) groups attached to the others.  The presence of these two types of functional groups makes all simple sugars, some more complex sugars and smaller polysaccharides soluble in water.  However, as the carbohydrate molecules increase in size, they become decreasingly soluble.

An important group of carbohydrates are the sugars.  The simple sugars, or monosaccharides, serve as energy sources during metabolism and as the building blocks of more complex carbohydrates such as disaccharides (two sugars linked together) and polysaccharides (many sugars linked together).  Typical monosaccharides contain 3-7 carbons arranged in a linear molecule.  More frequently in aqueous solutions, the linear structure closes onto itself and forms a ring involving the ketone and aldehyde oxygen.  The most familiar monosaccharide is glucose.

Two monosaccharides can be joined covalently by a dehydration synthesis reaction to form a disaccharide, which can be separated by a hydrolysis reaction.  Organisms commonly use disaccharides as transport and storage molecules.  Sucrose (table sugar), composed of a glucose and fructose molecule, is a transport molecule in plants.  Other important disaccharides are lactose (milk sugar), comprised of glucose and galactose, and maltose, comprised of 2 glucose molecules.  Additional dehydration synthesis reactions can link mono- and disaccharides together to create polysaccharides.  Starch, in plants, and glycogen, in animals, are polysaccharides.  Cellulose is a polysaccharide used by plants as a structural material to build their cell walls.

The iodine test is used to determine the presence of starch.  Benedict’s reagent can be used for certain class of sugars, the reducing sugars.  Most monosaccharides, but only some disaccharides, are reducing sugars.  A more general test for carbohydrates is the Molish test.

Lipids comprise a number of seemingly different groups of molecules including the fats and oils (called triglycerides), the steroids and the waxes.  Like carbohydrates, the lipids are built primarily from carbon, hydrogen and oxygen, but oxygen is present at a much lower ratio.  As a result of this reduced number of oxygen-containing functional groups, the chief physical characteristic exhibited by lipids is their insolubility in water.

Triglycerides, the fats and oils, contain fatty acids composed of long carbon/hydrogen chains with terminal carboxylic acid groups ( a =O and –OH on 1 C).  If all the carbon atoms in the chain are bonded to one another by single covalent bonds, the fatty acid is said to be saturated.  If some carbons are connected by double covalent bonds the fatty acid is unsaturated.  Many double bonds in the carbon chain make the fatty acid polyunsaturated.  In triglycerides, three of these fatty acids are combined with a glycerol, a trihydroxyl alcohol, by dehydration reactions between the terminal carboxyl groups of the fatty acids and three hydroxyl groups of glycerol.  Since these bonds involve the organic acid groups of the fatty acids, another name for them is neutral fats and oils.  Triglycerides with high proportions of saturated fatty acids form solids at room temperature and are called fats while those with high proportions of unsaturated fatty acids form liquids at room temperature and are called oils.

Lipids perform many functions in the cell.  Triglycerides serve as energy and storage molecules as well as a source of essential fatty acids such ad linoleic acid, which cannot be made in human cells.  Steroids, such as cholesterol and the water insoluble vitamins A, D, E and K, act as messenger and carrier molecules and as raw materials that the cells turn into pigments and electron carriers.  Waxes are structural molecules and cover surfaces to prevent dehydration.

The presence of lipids can be detected by two ways.  Rubbed on paper, lipids leave an oily, transparent spot.  The dye Sudan IV will selectively stain lipids and can be used to demonstrate their presence.
Proteins are large molecules comprised of chains of over 100 building blocks called amino acids.  They contain carbon, hydrogen and oxygen but also nitrogen (N) and some contain sulfur (S).  The majority of the amino acids have a general structure in which the central carbon I bonded to a hydrogen atom, an amino group (-NH2), a carboxylic acid group and a side chain that differs from one amino acid to another and gives the amino acid its identity.  An exception to this is proline, which is a cyclic amino acid.  The side chain ranges in complexity from a second H (gylcine) to multiple rings (tyrptophan).  The side chains may have groups that can be ionized and assume a positive charge (lysine, arginine and histidine) or negative charge (aspartic acid and glutamic acid).  Some side chains have polar groups and like the ionizable amino acids, are soluble in water; that is they are hydrophilic.  Others have non-polarizable side chains and are then hydrophobic.  Cysteine, which has a terminal sulfhydryl (-SH) group as its side-chain; can form disulfide (-S-S-) bonds that help to stabilize protein structures.

Proteins are produced by dehydration syntheses joining the carboxyl group of one amino acid to the amino group of another to form a peptide bond.  The order in which the amino acids are joined to form the protein chain is the protein’s primary structure, and is determined by the gene sequence on the DNA.  The chains of the protein bend and fold as the oxygen of the carboxyl group of one amino acid forms a hydrogen bond with the amino group of an adjacent amino acid in the backbone crating the protein’s secondary structure.  Then the side chains interact to form disulfide bridges and weaker interactions cause folds that place hydrophobic side chains away from water and the hydrophilic side chains in the water.  This is the tertiary structure.  Some proteins contain more than one polypeptide chain linked together to form a quaternary structure.  Destruction of this complex structure by chemicals or by heating is called denaturation and often renders the protein inactive.

Proteins are used primarily as structural and catalytic molecules.  More will be said in future labs about proteins, their role in cells and specialized techniques used to study them.

The Biuret test detects proteins by reacting specifically with the peptide bonds within the molecule.

Nucleic acids are complex molecules composed of single- and double-stranded polymers of building blocks called nucleotides.  Nucleotides are made up of a 5-carbon sugar attached to a phosphate group on one terminal carbon and a single- or double-ringed nitrogen-containing base on its other terminal carbon.  Nucleic acids are used to store information for use in building, maintaining and performing the functions of the cell.  We shall defer studying these molecules to other labs.

Testing for bio-organic molecules
The use of control standards in research: When using a test to study some phenomenon, as to determine the presence of a particular substance in an unknown mixture, it is frequently advisable to produce two control standards which to compare the results of the test of an unknown.  A negative control is obtained by performing the test under conditions known not to produce the phenomenon (known not to contain the substance for which the test is specific).  For instance, we shall be running each test with distilled water to produce the negative controls.  A positive control is obtained by performing the test under conditions known to always produce the phenomenon (known to contain the substance for which the test is specific).  Our positive controls will test a substance known to react with the testing solutions: Carbohydrates will be glucose, tryglycerides will be vegetable oil and proteins will be egg albumin.

When an unknown is tested, we can then compare the results obtained with those obtained with the positive and negative controls.  If the results from the unknown resemble those of the negative control, we may assume that the category of chemical for which the test is specific probably is not present.  If the results resemble the positive control, that class of chemicals probably is present.

Tests on known substances:

You will be performing each test on a group of chemicals selected to exhibit both positive and negative results for each test and thereby illustrate their specificities and range of results.  For efficiency, each member of the group should take one of the tests and run it on all the substances on the list.  Then all the members of the group should examine the results of all the tests on all the substances and record the results on your group worksheet.

Plastic pipets have been placed at each bench.  The pipets are graduated and can be used to measure each sample.  Use one pipet per sample type.  Pipets will be supplied for each of the test reagent.

Tests conducted on known compounds – glucose, potato starch, vegetable oil, egg albumin and water.

Iodine Test for Starch:

1) Add 2 ml of test compound into a clearly marked tube.  One test compound per tube.  For this test, you should have 5 test samples.

2) Add 1-2 drops of iodine solution to each tube.  Mix by gentle agitation.

3) A color change to gray or blue-black indicates the presence of starch.  A color change to blue may indicate the presence of sugars.

4) When all observations are recorded on the worksheet, save the tubes that contained the starch and water as your positive and negative control, respectively.  Discard the other 3 tubes.

Benedict’s Test for Reducing Sugars:
1) Locate the heating blocks at the front of the classroom.  You will use these to heat your samples.

2) Add 2 ml of test compound into a clearly marked tube.  One test compound per tube.  For this test, you should have 5 test samples.

3) Add 3 drops of Benedict’s solution to each tube.  Mix by gentle agitation.

4) Place the tubes in the heating block for three minutes.  This block is equal to boiling water so use care not to touch the surface or the bottom of the tubes until they have cooled.

5) A color change to green, yellow, orange, red or brick red indicates the presence of reducing sugars.  The final color is an indicator of the concentration of the sugar present, the green color indicates a low concentration of sugar; brick red color indicates the most concentrated.
6) When all observations are recorded on the worksheet, save the tubes that contained the glucose and water as your positive and negative control, respectively.  Discard the other 3 tubes.

Sudan IV Test for Lipids:
1) Add 2 ml of distilled water and add 3 drops of Sudan IV solution.  Do this for each tube clearly marked for each compound to be tested.  One test compound per tube.  For this test, you should have 5 test samples.  Mix by gentle agitation.

2) Add 1 ml of the substance to be tested and mix again.  It may take vigorous shaking to get the oil and water to mix.  There will be a vortex at the front of class for your use.

3) Let the mixture stand for 5 minutes.

4) Lipids will form a red layer floating on top of the water or dispersed as small globules suspended in the water.

5) When all observations are recorded on the worksheet, save the tubes that contained the lipid and water as your positive and negative control, respectively.  Discard the other 3 tubes.

Biuret Test for Protein:
1) Add 2 ml of test compound into a clearly marked tube.  One test compound per tube.  For this test, you should have 5 test samples.

2) Add an equal volume of Biuret Reagent (10% sodium hydroxide/0.5% copper sulfate) to each tube.  Mix by gentle agitation.  Be careful when working with this reagent.  It is caustic and could cause burns.  If you get any on your skin or clothes, wash it off immediately with lots of water.  Unless you spilt gallons of it, use the sink.
3) Let the mixture stand for 3 minutes.

4) A color change to violet indicates that proteins are present.

5) When all observations are recorded on the group worksheet, save the tubes that contained the starch and water as your positive and negative control, respectively.  Discard the other 3 tubes.

6) When all observations are recorded on the worksheet, save the tubes that contained the albumin and water as your positive and negative control, respectively.  Discard the other 3 tubes.

Testing of Unknown Substances:
1) Perform each of the 4 tests (Iodine, Benedict’s, Sudan IV and Biuret) on each of the unknown samples.

2) Record your observations of each reaction on the worksheet.  Compare to the positive and negative controls if you are in question.  Remember that the color of the unknown may influence the reaction color, so think in terms of what the initial color might do to the test outcome.  Determine what compound(s) are present in each unknown.

3) Predict what each unknown might be.  This is purely for fun.  But I would like you to think in terms of what you found in each one and how they might fit together.  All the objects can be found in the grocery store and are very edible.

Iodine Test for Starch:
	Substance tested
	Results

	Glucose
	

	Starch
	

	Cooking Oil
	

	Egg albumin
	

	Water
	


Benedict’s Test for Reducing Sugars:
	Substance tested
	Results

	Glucose
	

	Starch
	

	Cooking Oil
	

	Egg albumin
	

	Water
	


Sudan IV Test for Lipids:
	Substance tested
	Results

	Glucose
	

	Starch
	

	Cooking Oil
	

	Egg albumin
	

	Water
	


Biuret Test for Proteins:
	Substance tested
	Results

	Glucose
	

	Starch
	

	Cooking Oil
	

	Egg albumin
	

	Water
	


Unknown Substances:
	Unknown
	Test Results
	Compounds Present
	Guess

	
	Iodine
	Benedicts
	Sudan IV
	Biuret
	
	

	A
	
	
	
	
	
	

	B
	
	
	
	
	
	

	C
	
	
	
	
	
	

	D
	
	
	
	
	
	

	E
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