
Assessment of Biologically Relevant MoleculesAssessment of Biologically Relevant MoleculesAssessment of Biologically Relevant MoleculesAssessment of Biologically Relevant Molecules    

    

I. I. I. I. IntroductionIntroductionIntroductionIntroduction:::: Without question the chemistry of life is one of the most 

important aspects of understanding modern biology. An entire new discipline 

interfacing with the science of chemistry and physics called molecular biologymolecular biologymolecular biologymolecular biology 

requires a deeper appreciation for the basic principles of how organic 

molecules and water - the most fundamental molecule required by life interact to 

create ordered complexity. 

In this lab you will learn how to perform basic tests to assess the presence of 

biologically important molecules which you were introduced to in the previous 

week’s lab.  Following the introduction of these basic tests you will perform a 

qualitative analysis of an unknown organic sample solution to determine its 

constituents. 

Check for understanding: 

I. CarbohydratesCarbohydratesCarbohydratesCarbohydrates: 

 

1) Carbohydrates contain which three elements in specified ratios?  

  ____________________, ____________________ & ____________________ 

2) The word carbohydrate includes the root word “hydrate” which will 

indicate the same ratio of hydrogen to water found in water.  

 � What is that ratio? ___ H to ___  O. 

 

3) What is the name of the carbohydrate made as an end product of 

photosynthesis? _____________________ 

 

4) Is the carbohydrate named above a monosaccharide, disaccharide 

or polysaccharide? (Circle the correct response). 

 

5) What is a common polysaccharidepolysaccharidepolysaccharidepolysaccharide made by: 

Plants ___________________ 

Animals _________________ (assume in the liver of vertebrates) 

  Fungi___________________ 

 

 

 



II.II.II.II. ProteinsProteinsProteinsProteins    
1) Proteins contain four elements name these elements? 

_____________, _____________, _____________, _____________, _____________, _____________, _____________, _____________, _____________,  &_____________,  &_____________,  &_____________,  &____________________________________________________    

    
2) Proteins also contain additional elements depending upon their 

composition such as sulfur, iron or phosphorous. The building 

blocks or monomers of proteins are called: _____________  _____________  _____________  _____________  

_____________._____________._____________._____________.    

    
3) 3) 3) 3) What two functional groups do all of the monomers above have 

consistently in common?  ___________ ___________ ___________ ___________ ((((----                            ))))    &&&&______________________ ______ ______ ______     ((((----                                ))))    
 Name and write out the formula in the spaces provided).    

 

4) Groups of the monomers listed above are called ______________ 

and are linked by a special type of covalent bond called 

____________ bonds. 

 

5) The bond identified above occurs through a chemical reaction 

called dehydration synthesis, which implies ________ will leave the 

reaction when these monomers are linked. 

 

III.III.III.III. LipidsLipidsLipidsLipids    
 

1) Lipids are substances such as fats and phospholipids which are 

vitally important and required to synthesize new plasma membranes 

of cells.  Lipids contain the same elements identified for 

carbohydrates Section 1 – question 1.  Using your textbook explain 

how the proportions are different in lipids. ________________________ 
 

Fats are substances referred to in organic chemistry as “estersestersestersesters” which 

are derived from carboxylic acids (-COOH), where the hydrogen is 

replaced by some sort of hydrocarbon group - often an alkyl group.  

Esters are formed by a reaction of an organic acid with an alcohol. 
 

2) What is the name of the organic acid part of a lipid? _______________ 

3) What is the name of the typical alcohol that combines with the 

organic acid identified in #2 above? _____________________ 

4) Draw the chemical structural diagram for glycerol below and circle 

the functional groups that indicate it is an alcohol. 

 



IV.IV.IV.IV. Nucleic AcidsNucleic AcidsNucleic AcidsNucleic Acids    
These important biological molecules are carrier molecules, they may 

carry/shuttle energy or carry code as in the case of the commonly 

known molecule DNA. 

 

1) What is a monomer of a nucleic acid called? __________________ 

 

2) Name the three component parts of the monomer identified above.  

Note this is NOT the same as elements, but rather what are the 

three organic molecule types necessary to build that monomer? 

_____________________, ____________________ & ____________________ 

 

3) This term we will be focusing a great deal of attention on the 

production of a high energy molecule that helps energize cellular 

reactions called ATP (Adenisine Triphosphate).  How many 

phosphate functional groups does this molecule hold? 

 

4) Of the following molecules which will have the MOST amount of 

potential energy that can be used by cells? Circle the correct letter. 

a. AMP – Adenine monophosphate 

b. ADP – Adenine diphosphate 

c. ATP – Adenine triphosphate 

 

5) Another type of nucleic acid that is made up of nucleotide subunits 

is DNA and RNA, both carriers of code.  The major difference 

between these molecules is that DNA is a double stranded helix and 

RNA is a single stranded ribbon shaped molecule.  Additionally the 

type of sugar subunit they each contain is different. 

 

DNA contains what sugar subunit? ____________________ 

RNA contains what sugar subunit? ____________________ 

 

Put a star next to the sugar named above that contains less oxygen. 

 

6) In this lab we will not be studying the presence of energy carrier 

nucleotides, however can you list an example of at least one here? 

> 

> 

 

 



II.II.II.II.    ProceduresProceduresProceduresProcedures: In this lab you will learn how to identify solutions with each of  

the major categories of organic molecules recognized above.  Make careful 

observations and take notes.  After you have performed the main tests, 

to know what  a positive result for analyzing each of the major biochemical 

categories, you will be given an unknown solution that you will need to test to 

identify its contents, a test called a “qualitative” analysis of an unknown. 
 

In this lab there are several potentially hazardousIn this lab there are several potentially hazardousIn this lab there are several potentially hazardousIn this lab there are several potentially hazardous    

chemicals that will be used to conduct our analysischemicals that will be used to conduct our analysischemicals that will be used to conduct our analysischemicals that will be used to conduct our analysis    

therefore it will be necessary to wear eye goggles, therefore it will be necessary to wear eye goggles, therefore it will be necessary to wear eye goggles, therefore it will be necessary to wear eye goggles,     

use caution with heated test tubes and wear gloves foruse caution with heated test tubes and wear gloves foruse caution with heated test tubes and wear gloves foruse caution with heated test tubes and wear gloves for    

somesomesomesome    procedures.  Do not dispose of any substanceprocedures.  Do not dispose of any substanceprocedures.  Do not dispose of any substanceprocedures.  Do not dispose of any substance    

down the drain!  Follow your instructor’s guidelinesdown the drain!  Follow your instructor’s guidelinesdown the drain!  Follow your instructor’s guidelinesdown the drain!  Follow your instructor’s guidelines    

for proper disposal of used chemicals.  for proper disposal of used chemicals.  for proper disposal of used chemicals.  for proper disposal of used chemicals.      
   

CarbohydratesCarbohydratesCarbohydratesCarbohydrates    
Carbohydrates may be referred to as monosaccharides, 

disaccharides or polysaccharides, which indicates the number of monomer 

subunits; though another way to think of them is as “reducing” sugars or 

“complex” carbohydrates.  Most monosaccharides such as glucose and fructose 

are considered “reducing sugars” which means that they possess functional 

groups that reduce weak oxidizing agents such as copper.  Reducing sugars act 

as reducing agents, i.e. it is a chemical that can lose or donate electrons to 

another chemical such as a metal in a redox reaction, counter-intuitively a 

reducing agent is said to have been oxidized when it participates in such a 

reaction, because it is losing or donating electrons in the reaction.  A reducing 

sugar will contain an organic compound that has a structure of –CHO with a 

double bond between the Carbon and the Oxygen, this functional group is called 

an aldehydealdehydealdehydealdehyde.  Many fragrances are aldehydes but the simplest aldehyde which 

you likely have heard about in a biology context is formaldehyde. 
 

A chemical called Benedict’s reagentBenedict’s reagentBenedict’s reagentBenedict’s reagent     is used an indicator test for the presence 

of reducing sugars (i.e. electron donors), and it works because it contains a 

copper ion (blue in color) complexed with citrate in an alkaline solution.  When 

reducing sugars are added to this oxidized reagent cupric (CU++) ions are 

reduced to cuprous (Cu+) oxide, which will show as a color change. 

 A green test result indicates a smallsmallsmallsmall amount of reducing sugars. 

 A reddish/orange color indicates a highhighhighhigh quantity of reducing sugars.   

 No changeNo changeNo changeNo change indicates the absence of reducing sugars, but this will also 

 be seen with non-reducing sugars such as sucrose. 

 



Benedict’s test:Benedict’s test:Benedict’s test:Benedict’s test:    

1) Obtain eight test tubes. 

2) Label each with permanent marker near the top of the test tube 1-8. 

3) Into each of the test tubes add the following materials with a transfer 

pipette. 
 

#1 – 10 drops of apple juice. 

#2 – 10 drops of potato juice. 

#3 – 10 drops of glucose 

#4 – 10 drops of sucrose 

#5 – 10 drops of fructose 

#6 – 10 drops of reducing sugar solution 

#7 – 10 drops of starch solution 

#8 – 10 drops of distilled water  

4) Add 2 ml of Benedicts solution to each tube using a transfer pipette. 

5) Place all test tubes into the hot water beaker half full of water with a layer 

of boiling beads in the bottom of the beaker. 

6) The test tubes should be adjusted to have a gentle boiling water bath for 3 

minutes, make sure that the reagent and solutions in the test tubes are 

below the water line of the water bath. 

7) While waiting for the results, discuss with your group what you predict the 

results will be i.e. your hypothesis and mark these predictions on the 

results table. 

8) After 3 minutes, use a test tube holder to carefully remove the test tubes 

and place them into the test tube rack at your bench. 

9) Observe the color changes for each tube and record in the table in the 

results section of this lab report (page 11). 

10) When you are finished take the processed solutions to the designated 

rack or tray on the waste collection bench.   

 ImportantImportantImportantImportant: �Do not pour down the drain.  

Lugol’s Lugol’s Lugol’s Lugol’s Test for StarchTest for StarchTest for StarchTest for Starch (a complex polysaccharide) 

Starch is a coiled polymer of repeating glucose units.  An indicator solution used 

to test for this complex polymer is Iodine-potassium iodide (I2KI) also known as 

Lugol’s reagent.  When iodine reacts with a starch molecule, which is composed 

of numerous linked glucose molecules in a spiral, a positive test result will 

appear bluish-black.  Iodine does not react with carbohydrates that are not 

coiled, subsequently simple sugars and chitin (a complex carbohydrate found in 

fungi cell walls and exoskeletons of arthropods) do NOT show positive. 



Lugol’s test 

1) Obtain eight test tubes. 

2) Label each with permanent marker near the top of the test tube 1-8. 

3) Place into a test tube rack. 

4) Into each of the test tubes add the following materials with a transfer 

pipette. 
 

#1 – 10 drops of apple juice. 

#2 – 10 drops of potato juice. 

#3 – 10 drops of glucose 

#4 – 10 drops of sucrose 

#5 – 10 drops of fructose 

#6 – 10 drops of reducing sugar solution 

#7 – 10 drops of starch solution 

#8 – 10 drops of distilled water 

 

5) Before going onto the next step make predictions for what you expect to 

happen i.e. make a hypothesis about each of the test tube reactions, for 

each solution respectively, place your prediction in the table provided in 

the results section. 

6) Add 3-6 drops of Lugol’s solution to each tube. 

7) Record your observations and place a (-) for a negative Lugol’s test, which 

will stay the same color as the Lugol’s reagent i.e. a brown color.  Place a 

(+) for each positive test in the reaction column.  Note if any solutions 

demonstrate intermediate characteristics. 

8) Pour contents down the drain with copious amounts of water. 

9) Place the used test tubes in the bin provided by the sink. 

 

 

 

 

 

 

 

 

 

 

 

 

 



ProteinsProteinsProteinsProteins    

Proteins are used for a variety of functions by living organisms including 

structural components, enzymes influence chemical reactions and even 

antibodies involved in immune defense are proteins. Peptide bonds from 

between two adjacent amino acid groups when a reaction occurs between the 

amino group (– NH2) of one amino acid and the carboxyl group(-COOH) of an 

amino acid that it bonds with. A biuret test is used to signify presence of peptide 

bonds via an indicator of cupric ions (Cu ++) the result in this test for a positive 

indication is a violet color.  Amino acids themselves do not produce the positive 

result because it takes the peptide bonds with at least 4-6 peptide bonds; small 

proteins such as this are often referred to as peptides. 

Biuret testBiuret testBiuret testBiuret test (for protein): 

1) Obtain five test tubes. 

2) Label each with permanent marker near the top of the test tube 1-5. 

3) Place into a test tube rack. 

4) Into each of the test tubes add the following materials with a transfer 

pipette. 

#1 – 2 ml of egg albumin 

#2 – 2 ml amino acid solution 

#3 – 2 ml distilled water 

#4 – 2 ml protein solution 

#5 – 2 ml of gelatin 

5) Put on gloves if you are the designated person carrying out the next step. 

6) 2 ml of 2.5% sodium hydroxide (NaOH) to each tube.   

� NaOH is caustic and will irritate the skin, should you have contact with 

the solution immediately rinse with water.  Alert your instructor if there 

is a spill of this solution. 

7) Before you proceed to the next step, indicate in the results section your 

prediction about which solutions you think will give a positive result of a 

violet color. 

8) Add three drops of Biuret reagent to each tube and gently mix. 

9) Record the color and indicate if (+) or (-).  A reaction may take 20-30 

seconds to develop. 

10) Place test tubes with their processed solutions into the designated 

rack.  Do not pour the solutions down the sink. 

 

 



LLLLipidsipidsipidsipids    

Also referred to as fats, these are a group of many different types of molecules 

that all share the characteristic of being insoluble in water i.e. they are said to 

be hydrophobic and do not mix with water.  The trait that prevents this mixing is 

that they are nonpolar, i.e. they do NOT have partial positive or partial negative 

portions of their molecule, as with water, but rather these tend to be long chains 

of hydro-carbons that avoid interaction with polar water molecules.  Lipids 

include phospholipids (important to cell membrane formation), fats, oils, waxes 

and steroids such as the hormones testosterone and estrogen.  With numerous 

bonds, these molecules tend to harbor tremendous energy-storage capacity, 

and in the case of fats they can insulate as well.  To dissolve lipids requires non-

polar solvents such as ethanol or acetone.  Some dyes are fat soluble and will 

readily mix with the lipids, we will use this to our advantage to detect the 

presence of lipids. 

Sudan IV test for lipids 

For this test wear gloves, because the stain is fat soluble it is hazardous to your 

cells if you have contact. 

1) Obtain five test tubes. 

2) Label each with permanent marker near the top of the test tube 1-5. 

3) Place into a test tube rack. 

4) Into each of the test tubes add the following materials with a transfer 

pipette. 

#1 – 1 ml salad oil and 10 drops of water 

#2 – 1 ml salad oil  

#3 – 1 ml honey  

#4 – 1 ml distilled water  

#5 – 1 ml melted animal fat. 

 

5) Add the Sudan IV in granular form.  Your instructor will demo how to add 

this material to the test tube.  Add just the amount that will transfer onto 

the flat end of a toothpick. 

6) Record the color results of the mixture in the table provided. 

GreaseGreaseGreaseGrease----Spot TestSpot TestSpot TestSpot Test    

Another easy way to test for the presence of lipids is to place a drop of a 

substance on a piece of brown, unglazed paper e.g. grocery store bags made of 

paper.   



1) Obtain a long strip of brown, unglazed paper. 

2) Place a drop from each of the test-tubes for the grease spot test and label 

that substance with a pen or pencil. 

3) Allow the drops to evaporate while you move onto the next test in the lab. 

4) At the end of the lab, hold the paper up to the light and observe which 

solutions left a glossy grease mark. 

 

Substances to test: Water, Salad Oil, melted shortening, egg yolk, hand 

lotion with lanolin, aloe, butter etc.  

(Depending upon availability). 

    

Nucleic AcidsNucleic AcidsNucleic AcidsNucleic Acids    

To identify DNA one can apply what is called the Dische diphenylamine testDische diphenylamine testDische diphenylamine testDische diphenylamine test.  

This test works because DNA is acidic and it binds to the diphenylamine 

molecule to become blue.  The darker the blue the more DNA that is present in a 

sample. 

Note: This test MUST be done in the fume hood not at the bench due to 

hazardous fumes. 

Dische diphenylamine testDische diphenylamine testDische diphenylamine testDische diphenylamine test (for nucleic acids): 

1) Obtain four test tubes. 

2) Label each with permanent marker near the top of the test tube 1-5. 

3) Place into a test tube rack. 

4) Into each of the test tubes add the following materials with a transfer 

pipette. 

 #1 – 1 ml DNA solution 

 #2 – .125 ml DNA solution, ~.8 ml water 

 #3 – 1 ml RNA solution 

 #4 – 1 ml distilled water. 

5) Before the next step, the person delivering the reagent should put on 

gloves because the reagent is toxic if it gets onto the skin.  

6) Add 1 ml of the Dische diphenylamine reagent to each tube and gently mix 

with a gentle agitation. 

7) Place the test tubes into a gentle boiling water bath for 10 minutes. 

8) Transfer the tubes to an ice bath. 



9) If necessary agitate the contents one more time and then make 

observations and record results into the table for the nucleic acids test. 

10) Leave the test tubes in the designated rack in the fume hood and 

the lab prep team will dispose of the materials after today’s lab. 

    

ATP testsATP testsATP testsATP tests    

ATP is an example of a cyclic energy carrier nucleotide that carries three 

attached phosphate groups with high potential energy.  There is not a simple 

chemical test for this ubiquitous molecule found in and used by all cells, but 

scientists have developed a procedure that involves a special enzyme called 

luciferase (this chemical glows similar to what is seen in fireflies).  To detect the 

glow of the luciferase that is produced as a result of ATP’s presence an 

instrument called a luminometer  which can detect very small outputs of light is 

used.  We do not have this instrument for our lab, but you should be aware that it 

is something that is used with increasing frequency by the brewing industry, 

microbiologists and in industrial hygiene disciplines e.g. in detecting the 

presence of microscopic life forms of concern. 

  

Credits: 

Biology Lab Manual, 10th edition, Exercise 6. D.S. Vodopich & R. Moore, McGraw 

Hill Publishers 2014. 

 

 

 

 

 

 

 

 

 



IIIIII. II. II. II. Results section Results section Results section Results section     

Table 1 – Reducing Sugars 

Test tube # Contents Prediction Color reaction Interpretation 
1     
2     
3     
4     
5     
6     
7     
8     
  

Table 2 - Complex Carbohydrates 

Test tube # Contents Prediction Color reaction Interpretation 
1     
2     
3     
4     
5     
6     
7     
8     
  

Table 3 – Proteins 

Test tube # Contents Prediction reaction Interpretation 
1     
2     
3     
4     
5     
 

 

 

 

 



Table 4 - Lipids 

Test tube # Contents Prediction Reaction Interpretation 
1     
2     
3     
4     
5     
 

Table 5 - Grease Spot test 

Substance Result 
  
  
  
  
  
  
  
 

Table 6 - DNA test 

Test tube # Contents Reaction Interpretation 
1    
2    
3    
4    
 

 

 

 

 

 

 

 

 



IV.IV.IV.IV.AnalysisAnalysisAnalysisAnalysis    

The following components need to be addressed for your lab report. 

This portion should be word processed and clearly delineated with its 

respective sections. 

CarbohydratesCarbohydratesCarbohydratesCarbohydrates    

1) Which of the test tube solutions in the Benedict’s test could be considered a 

positive control and which could be considered a negative control? Explain 

your answer. 

2) Are reducing sugars always monosaccharides? 

3) Which plant product contained more reducing sugars the potato juice or the 

apple juice? Explain how you know and what this indicates about the types of 

sugars stored in these different structures. 

4) Which of the test tube solutions in the Lugol’s test could be considered a 

positive control and which could be considered a negative control? Explain 

your answer. 

5) In which part of a plant is the most starch typically stored? 

6) If glycogen were available make a prediction about what you would expect 

compared to the positive control. 

7) Address the various functions of carbohydrates in living organisms (both 

plants and animals) using the associated biochemical terminology used in 

this lab. 

 

ProteinsProteinsProteinsProteins    

1) Which of the solutions in the Biuret test served as a positive control? 

Which served as a negative control? 

2) Which of the solutions contained the most peptide bonds albumen* or 

gelatin? 

 

*Egg albumen is the white of the egg and is composed of over 40 different 

types of proteins, the most common called ovalbumin made up of 385 

amino acids.  This particular protein is used in human medicine as well 

since it can chelate i.e. attach to heavy metals, thus it is used in treatment 

of poisoning events to prevent absorption of heavy metals. 

 

3) What is the source of gelatin i.e. where does this substance come from?  

Identify some of the applications of this material used in culinary or 

 medical contexts.  

 



LipidsLipidsLipidsLipids    

 

1) If Sudan IV can react with lipids is it considered a polar or non-polar dye? 

2) Which of the grease spot substances showed a glossy stain after full 

evaporation? Can you explain why this might appear the way it does 

considering the substance of paper is primarily cellulose fibers? 

3) How is cholesterol detected in the human body i.e. what type of test 

makes it possible to enumerate the quantity of this naturally occurring 

substance in our body?  

4) What are a few examples of lipids that you think could be further tested 

with the Sudan IV test that would be an extension beyond what was tried 

in this lab i.e. what other solutions do you think would be interesting to 

test? 

 

Nucleic AcidsNucleic AcidsNucleic AcidsNucleic Acids    

1) Comment on the quality (as in color tone) of the test comparing the 

positive control group with the diluted sample.   

2) What part of the nucleotide makes it acidic? Be specific – you can draw 

this out to demonstrate your understanding. 

3) Which component is different between the DNA & RNA nucleotide that 

would account for the difference in the way the two nucleotides react to 

the Dische diphenylamine test? 

 

 

 

 

 

 

 

 

 

 

 



Extension ActivityExtension ActivityExtension ActivityExtension Activity    

Analysis of Unknown Mixture 

 

Your instructor will provide you with a test tube of approximately 30 ml of 

solution that has at least two-three different biochemical molecules.  Your role is 

to assess what is in the sample to the best of your ability. 

You may run any test, and you are encouraged to do so in a systematic manner.  

You can divide out the sample but be sure to mix it thoroughly before pouring off 

fraction samples, just in case there may be density or polar differences in the 

contents, try to get as homogeneous of a sample into your fractions as possible. 

Record all tests run on your sample and the results. 

� Formulate a table of results. 

� Following your tests communicate your findings with a brief paragraph, 

attached to your analysis of the biochemical molecules assessment.  Your 

instructor will communicate the accuracy of your findings when the report 

is returned to you.  Be sure to clearly label which sample you had and 

tested.  

 

� Note: you will NOT lose points on your lab report for inaccurate 

findings, but if you do not report the process you used and 

communicate your results; regardless of accuracy you may have 

points subtracted from the overall lab report grade. 

 

 

 


