Microbiology MCB 2010C



Name ________________________

VC Chemistry Unit Homework


Section ____________________


The study of biology in the 21st century is actually the study of biochemistry.  In order to be successful in this course, it is important that you understand basic chemistry principles, which should have been learned in any high school or college biology course.  Students who do not show a mastery of these principles may be starting their college careers at an inappropriate level of biology.  You will have the first 2 weeks of this course to demonstrate your abilities by answering these basic chemistry concepts which will assist you in reaching your health related professional career goals.  The following sources should be of assistance in helping you to answer the worksheet questions:

1. Any biology or microbiology textbook (Chapter 2 of most biology texts deals with Chemical Principles)

2. Google specific topics on the internet
ATOMIC STRUCTURE


Solids, liquids and gases are all forms of matter. Matter is anything that has mass and takes up space.  On earth, all matter is made of 92 naturally occurring elements, such as carbon, oxygen, hydrogen, nitrogen and gold.  Each element is made of atoms; atoms are the smallest unit of an element that retains all the properties of that element.

QUESTION 1.  Draw and label the parts of an atom, showing the location of protons, neutrons and 


electrons.  Explain the electrical charge of each of these subatomic particles.

QUESTION 2.  Aluminum atoms have a total of thirteen electrons.  

a. Draw the 3 electrons shells found in an aluminum atom.

b. Draw where you would find the electrons in an aluminum atom.

c. Label which shell is the valence shell.

QUESTION 3. 

a)  The number of _______________ in the nucleus determines an element’s atomic number.  This number 
defines the name of the element, no other element shares that atomic number.

b)  The number of _________________ and __________________ in the nucleus of an atom determines an 


element’s mass number.

c)  In an uncharged or neutral atom, the number of electrons is (CIRCLE ONE: greater than, less than, 
equal to) the number of protons in that atom.

d)  The chemical reactivity of an element, how one atom bonds to another atom to make a molecule, is 
determined by the arrangement of the _______________________ shell of electrons.

e)  The first electron shell of an atom can hold up to ____ electrons; the second and third electron shells can 
hold up to _____ electrons each.  When filling electron shells, the electrons fill the innermost shell 
first, continue filling the second shell next and then fill each successive electron shell moving 
out from the nucleus.

Fill in the table by referring to the Periodic Table of Elements:

	
	Atomic Number
	# of Protons
	# of Neutrons
	Mass Number
	# of Electrons

	Carbon 12C

              6
	6
	6
	6
	12
	

	Oxygen 16O

               8
	8
	8
	8
	
	8

	Oxygen 18O

               8
	8
	8
	10
	
	8

	Hydrogen 1H

                 1
	1
	
	0
	1
	1

	Nitrogen 14N

                7
	
	7
	7
	14
	7

	Sulfur 32S

           16
	16
	16
	
	32
	16

	Phosphorus 31P

                    15
	15
	15
	
	31
	15

	Gold 197Au

           79
	
	79
	
	197
	79


ALWAYS GO FOR THE GOLD !!! (
QUESTION 4. 


a. Normally the element oxygen has 8 protons and 8 neutrons in its nucleus.  In the chart above 


we see that oxygen atoms can also exist where there are 8 protons and 10 neutrons in the 


nucleus.  In fact, some oxygen atoms exist that have 9 neutrons in the nucleus.  What do 


we call the atoms of the same element that have different numbers of neutrons? 

b. Some isotopes are radioactive (they decay and release subatomic particles and energy).  Do 


some investigating and give one example of how radioactive isotopes are used in 


medicine.

IONIC and COVALENT BONDING

QUESTION 5.  

A. Atoms are most stable when they complete their outer shell of electrons (this is called their 

VALENCE shell).  Explain how full valence shells are achieved for:
COVALENT BONDS:

IONIC BONDS:


B.  We call atoms that have lost or gained electrons to complete their valence shell IONS.  When 


an atom gains an electron to create a stable full valence, it results in that atom having a 


net ________________ charge and it is called an ANION.  When an atom loses an 


electron to create a stable full valence, it results in that atom having a net 



_______________ charge and it is called a CATION.  Generally, atoms with 1, 2 or 3 


electrons in their outer shell lose electrons to fill their valence and atoms with 6 or 7 


electrons in their outer electron shell can steal electrons to fill their valence shell.  Atoms 


with 4 or 5 electrons in their valence shells usually do not form ions and atoms with filled 

valences (Neon, Argon, Krypton, Xenon, Radon, Helium) are inert (stable) and do not 


tend to react with other atoms.  Atoms react with other atoms to fill their valences and 


combine to form molecules.


C.  Ions of opposite charges (CHOOSE AND CIRCLE ONE: attract or repel) each other.  When 


ions of opposing charges like Na+ and Cl¯ combine, what kind of bond is holding the 


two ions together to make the molecule Na+Cl¯ (sodium chloride, aka: table salt)?





__________________ bond

QUESTION 6.

A. Some atoms complete their valence by sharing electrons between the atoms.  This forms a 
bond stronger than an ionic bond called a:





__________________ bond


B.  Draw the atomic structures of two hydrogen atoms sharing electrons to produce the molecule 


H2 (hydrogen gas).  See how each atom is sharing its electrons with the other so that each 

has 2 electrons to fill its valence shell (remember hydrogen atoms have only one electron 


shell).  The structural formula of H2 gas is H- H.  The single solid line between the atoms 


represents a pair of shared electrons in the covalent bond.

C. Draw the atomic structures showing one carbon atom and four hydrogen atoms sharing 
electrons to produce a molecule CH4 (methane).  See how the carbon atom shares one of 
its electrons with each hydrogen atom to fill the valences of the hydrogen atoms and see 
how the carbon atom has filled its valence shell (shell #2 for carbon) by sharing 4 
electrons with the four hydrogen atoms.  In the structural formula for methane each 


C – H bond shows a sharing of one pair of electrons in the covalent bond

D. Draw the atomic structures showing two oxygen atoms sharing electrons to produce O2 (the 


oxygen gas that you are breathing).



The structural formula of O2 gas is O = O.  The 2 lines joining the oxygen atoms 


represent a covalent bond where the atoms are sharing ____ pairs of electrons.  



Therefore, when covalent bonds are represented in a structural formula, each line 


connecting the symbols for the elements in the molecule shows there is a pair of shared 


electrons.

HYDROGEN BONDS AND WATER


QUESTION 7.



a.  Weaker than both covalent and ionic bonds (which occur between atoms within a 



molecule), there is a type of bond that occurs between different molecules called 


a HYDROGEN BOND.  Draw the atomic structures of one oxygen atom and 



two hydrogen atoms sharing their electrons to produce a molecule of H2O 



(water).




One situation where hydrogen bonding occurs is between different water 



molecules.  Because the oxygen atom’s nucleus is large and has 8 proton 



charges, while the hydrogen atoms’ nuclei are small and only contain one proton 


charge, the electrons in a water molecule are not shared equally.  The oxygen 



atoms large positively charged nucleus attracts the shared electrons with greater 



force than can the hydrogen nuclei which only have one proton each.  This is 



called ELECTRONEGATIVITY, when one atom in a molecule (commonly 



oxygen or nitrogen) doesn’t share the electrons equally and it results in the 



molecule having ends that have a slightly negative charge and ends that have a 



slightly positive charge.  Molecules that have opposite ends with slightly 



different opposite charges are called POLAR MOLECULES and the bonds in 



these molecules are called POLAR COVALENT BONDS.  Water is a good 



example of a polar molecule. Look back at the examples in question 6.  Each of 



those molecules shows the atoms in the molecule equally sharing their electrons.  


Those covalent bonds are called NONPOLAR COVALENT BONDS and they 



are NON-POLAR MOLECULES.

b. Draw the structural formulae of 2 water molecules and show where each atom in 
each of the water molecules has a slightly positive or a slightly negative charge 
and show by drawing a dotted line where the hydrogen bond exists between  
the 2 water molecules.  (Remember, a hydrogen bond exists between a H atom, 
that is covalently bound to an O or N atom, and an O or N atom of a different 
molecule.)

c. What are two molecules found in living things, besides water, that depend upon 
hydrogen bonding for their structure and function? 

_________________________ and __________________________

CHEMICAL REACTIONS

All of the chemical reactions that occur within an organism are called METABOLIC REACTIONS or METABOLISM.  In chemical reactions bonds are broken and then new bonds are made between atoms.  The chemicals on the left side of a chemical reaction are called the REACTANTS, while the chemicals on the right side of the chemical reaction are called the PRODUCTS.


a.  The formation of large molecules from smaller atoms, ions or molecules is called a synthesis 


reaction or an ANABOLIC REACTION (ANABOLISM), the breakdown of large 


molecules into their smaller component atoms, ions or molecules is called a 



decomposition reaction or a CATABOLIC REACTION (CATABOLISM).  


    When chemical bonds are broken, energy is released. When a chemical bond is formed, 



energy is required.  Some chemical reactions are both anabolic and catabolic and



are called exchange reactions.  Some chemical reactions occur that are easily 



reversible.


QUESTION 8



Classify each of the following reactions as ANABOLIC, CATABOLIC or EXCHANGE:



A.  C6H12O6 + O2 ( CO2 + H2O + ATP   

________________________



B.  CO2 + H2O ( C6H12O6 + O2


________________________



C.  NaOH + HCl ( NaCl + H2O


________________________



D.  What are the reactants in the chemical reaction in question C?

ACIDS, BASES and SALTS


Living organisms are basically big bags of chemicals.  Some of the chemicals are typically small and lack carbon and are called INORGANIC MOLECULES, while other chemicals are typically more complex containing carbon and hydrogen and are called ORGANIC MOLECULES.


QUESTION 9


a.  For each of the following write whether they are organic or inorganic molecules:



water __________________
carbon dioxide (CO2) ______________________



fats  __________________
sugar _________________________



salts ___________________
protein ___________________________



O2 gas __________________
DNA _______________________


 Water is an inorganic molecule that, because it is polar, makes an excellent SOLVENT or dissolving substance.  Many polar substances dissolve in water; molecules that dissolve in a solvent are called SOLUTES.  Molecules that are held together by ionic bonds will dissolve in water and are called ELECTROLYTES.  Salts contain electrolytes and are important for the proper functioning of all cells.  When a molecule that is held together by ionic bonds dissolves in water or other polar solvents, the ionic molecule dissolves into its separate ions.  NaCl ( Na+ and Cl¯ for instance.


When an ionic molecule dissolves and produces H+ ions, that molecule is called an ACID.  When an ionic molecule dissolves and produces OH¯ ions it is called a BASE or ALKALINE substance. If an ionic molecule ionizes and produces neither H+ or OH¯ ions it is called a SALT.  When we measure the concentration of H+ ions in a solution of water and electrolytes, we use a scale called a pH SCALE.  The greater the concentration of H+ ions, the more acidic is the solution.

b. On the pH scale below label which end is acidic and which is alkaline (basic).

0 ------------------------------------------------7-------------------------------------------------14

c. Is your blood supposed to be slightly acidic or slightly alkaline?

d. Why is pure water called neutral?

e. Is ammonia an acid or a base?


Often, due to metabolic reactions in cells, acids and bases can build up which can act as poisons to the cell.  To solve this accumulation problem, natural BUFFERS exist which prevent the pH of a solution from changing drastically. 

f. Since buffers prevent drastic pH changes, why is it important to add pH buffers to microbiological media?

ORGANIC MOLECULES (Chapter 2 in your textbook)


You are already familiar with organic molecules; you just may not know it. (  When you talk about nutrition you commonly refer to organic molecules such as proteins, carbohydrates and fats; these are all organic molecules.  Other organic molecules of interest in our course include nucleic acids and ATP.  All organic molecules contain carbon and hydrogen atoms at least, many are large and they are important in more complex chemical processes. When you eat proteins, carbohydrates and fats, called MACROMOLECULES or POLYMERS, you digest them (catabolism) into their building blocks or MONOMERS.  As an example, the building blocks (monomers) of proteins are amino acids.  Your body, after digesting the proteins you eat into their amino acid building blocks, takes those amino acids and synthesizes (anabolism) the proteins needed for you to function.


FUNCTIONAL GROUPS



Many organic molecules contain small groups of atoms called FUNCTIONAL 



GROUPS which are important because they give organic molecules many of their 


chemical and physical properties.  Write the structural formula for each of the following 


important functional groups needed to discuss organic chemicals:



QUESTION 10.



a.  hydroxyl group (alcohols) 
______________________



b.  methyl group


______________________



c.  carboxyl group

______________________



d.  amino group


______________________



e.  phosphate group

______________________



f.  sulfhydryl group

______________________

CARBOHYDRATES

Carbohydrates (hydrated carbons containing carbon, hydrogen and oxygen) are large organic molecules that you usually consider to be sugars and starches.  They are often the first source of energy for cellular metabolism.  They can be used to store energy, can be used to make other organic molecules and they are major parts of the cell walls in those organisms that have a cell wall (you don’t).  



QUESTION 11 



a.  The general formula for many carbohydrates is ________________________.



b.  Many sugars have chemical names that end in the suffix - ___________.  Sucrose, 



lactose, deoxyribose, ribose, and maltose are all examples.



c.  One major sugar that you will need to become familiar with is GLUCOSE.  Glucose 



is a major source of carbon and energy for most living organisms.  Glucose is a 



MONOSACCHARIDE or simple sugar; monosaccharides contain between 3-7 



carbon atoms.  Draw in the space below the structural formula for glucose, 



which has the molecular formula C6H12O6:



d.  Fructose, “fruit sugar” also has the molecular formula C6H12O6, but it is a totally 



different molecule because the atoms are arranged differently.  What do we call 



molecules that have the same molecular formula but which have different 



structures and properties?







__________________________



To make larger carbohydrate molecules a process called DEHYDRATION 



SYNTHESIS (also called a condensation reaction) is performed.  In a dehydration 


synthesis reaction, 2 small building block molecules (monomers) are combined using a 


covalent bond and a molecule of water is removed from the reactants in the chemical 


reaction.  The resulting sugar is called a DISACCHARIDE (2 simple sugars covalently 


bonded together).  The covalent bonds between sugar molecules is called a glycosidic 


covalent bond.



Examples of dissacharides are:



Glucose + Fructose ( Sucrose + H20



Glucose + Galactose ( Lactose + H2O



Glucose + Glucose ( Maltose + H2O



To break down larger organic molecules into their building blocks, a process opposite 


that of dehydration synthesis is used; this process is called HYDROLYSIS.



An example:   Sucrose + H2O ( Glucose + Fructose



Hundreds of simple sugars can be combined by dehydration synthesis to form 



POLYSACCHARIDES (polymers of monosaccharides), which are often insoluble in 


water (they are HYDROPHOBIC) and are important chemicals that organisms use to 


store energy and make cellular structures like cell walls.



e.  Give the name of the polysaccharide for each of the cellular molecules:

1. Also called amylose, this molecule is used by plants to store their excess glucose.



_________________________

2. The glucose polymer found in plant cell walls.  ____________________

3. This molecule is used by animals to store excess glucose. _____________

4. This is the polysaccharide that is found in the cell walls of fungi and the exoskeletons of arthropods.





____________________________

LIPIDS


Lipids are organic molecules made of carbon, hydrogen and oxygen but they also often contain nitrogen, phosphorus and other atoms.  They are non-polar and therefore, hydrophobic, so they usually do not dissolve in water, but they do dissolve in non-polar solvents.  Lipids are those chemicals you typically call fats, oils and waxes.  Lipids are most important because they are energy storage molecules and they are important in cell wall and cell membrane structure.


SIMPLE LIPIDS (also called FATS or TRIGLYCERIDES)

 
Simple lipids or “fats” are made of one glycerol and three fatty acid molecules.


QUESTION 12.


a.  How many fatty acids are added to a glycerol molecule to make a triglyceride?

b.  Draw a molecule of glycerol and one fatty acid with 6 carbons and show how the two 


combine by dehydration synthesis:
Fatty acids in which all of the carbon-carbon covalent bonds are single bonds (sharing one pair of electrons) are SATURATED FATS.  Fatty acids in which at least one of the carbon-carbon covalent bonds are either a double covalent (2 pairs of shared electrons) or triple covalent (3 pairs of shared electrons) bonds are called UNSATURATED FATS.  Usually, but not always, saturated fats are from animal fats and unsaturated fats are plant oils.  Exceptions occur, such as tropical plant oils like palm and coconut oils which are saturated.  Trans fats are hydrogenated vegetable oils and tend to be basically indigestible.

PHOSPHOLIPIDS

One of the most important molecules in cell membranes is the PHOSPHOLIPID.  This molecule made of one glycerol, 2 fatty acids and a phosphate group typically has a HYDROPHOBIC (water-fearing) end and a HYDROPHILIC (water-loving) end.

c. Label the following diagram to show where the glycerol molecule, the phosphate group 
and the 2 fatty acids are located.  


d. Draw what a typical phospholipid bilayer looks like in a cell membrane, and label the 
areas of the phospholipid molecules that are hydrophilic and hydrophobic.



STEROLS



Sterols are non-polar interconnected rings of carbon atoms and are known by you in the 


forms of CHOLESTEROL, vitamin D and steroid hormones.  Cholesterol is an 


important part of eukaryotic cell membranes and the cell membranes of Mycoplasma.


PROTEINS

Proteins are organic molecules containing carbon, hydrogen, oxygen and nitrogen.  In your body, your hair, nails, skin, muscles, flagella, cilia, hemoglobin, antibodies, pigments, most enzymes and many hormones are proteins.  Proteins exist in your cell membranes and some proteins are even used by bacteria as pathogenic factors, making you sick and can possibly kill you.  The monomers (building blocks) of proteins are called AMINO ACIDS; 20 amino acids in various combinations make the proteins of your body.  


QUESTION 13.

a. Draw in the space below a typical amino acid and label the amino group and the 

carboxyl group:

b. Two amino acids can be combined by what process?



c. The covalent bond between two amino acids is called a peptide bond.  By combining 




many amino acids together a POLYPEPTIDE is formed.  Draw the structural 



formula of a dipeptide and show where the peptide bond is located:

The shape of each protein is determined by the order of amino acids and is therefore unique (by the way, your DNA is the code that puts all of the amino acids into their correct order to make all of the proteins of your body). The shapes of proteins are responsible for how each protein interacts with other molecules in living organisms.  There are 4 levels of protein structure:


1.  PRIMARY (1°) PROTEIN STRUCTURE is simply the order of amino acids 


held together by peptide bonds in a polypeptide.


2.  SECONDARY (2°) PROTEIN STRUCTURE includes localized areas in a 


polypeptide that coil (called alpha helices or α- helices) or fold (called 


beta-pleated sheets or β- sheets) that are held together by 



HYDROGEN BONDS.  


3.  TERTIARY (3°) PROTEIN STRUCTURE includes the entire three 



dimensional shape of one polypeptide chain and is due to hydrogen 


bonding, ionic bonds, disulfide bridges (the amino acids methionine 


and cysteine contain sulfur) and hydrophobic interactions. 


4.  QUATERNARY (4°) PROTEIN STRUCTURE occurs only in proteins, 


like hemoglobin, that must contain more than one polypeptide chain to 


function.  The 4° protein structure is the overall 3-D shape of the entire 


group of polypeptides that are needed to work together in a functional 


protein.
QUESTION 14.


Look at the single polypeptide chain seen below and answer the following 
questions:








a. Can you tell the primary structure of this polypeptide chain by looking at the 


diagram seen above?


b. What do we call the covalent bonds that produce a polypeptide’s primary 


structure?


c. What do we call the 2 types of secondary protein structure which are both 


evident in this diagram?


d. What type of bond is responsible for a polypeptide’s secondary structure?


e. What is a polypeptide’s tertiary structure?


f. The forces which create the tertiary structure of a polypeptide include:



__________________ bonds, _______________ bonds, 



_____________________ interactions and __________________ 


bridges.


g. This polypeptide is one continuous sequence of amino acids.  Does it have 


quaternary structure? Why or why not?

The shape of each protein allows it to function properly.  Changing the shape of a protein is called DENATURATION.  A denatured protein, since its shape is changed, is useless.  Denaturation of proteins most commonly occurs by increasing the temperature or by changing the pH of the environment of the protein.

NUCLEIC ACIDS (COVERED ON TEST 4)

When we talk about nucleic acids we are talking about DNA (deoxyribonucleic acid) and RNA (ribonucleic acid).  The monomers of nucleic acids are called NUCLEOTIDES and each nucleotide is made of one 5 carbon sugar (deoxyribose or ribose), one phosphate molecule and one nitrogenous base.  There are 5 NITROGENOUS BASES you will learn about: adenine, cytosine, guanine, thymine and uracil.

QUESTION 15.


What are the 5 nitrogenous bases found in nucleic acids?
ADENOSINE TRIPHOSPHATE (ATP)


ATP is the primary energy carrying molecule of cells, and provides the energy for cellular reactions when your hamsters aren’t running on the wheels inside you to produce energy. (
QUESTION 16.


a.  Draw and label the parts of an ATP molecule.


b. ATP is an adenine nucleotide with 2 extra phosphate groups.  Is ATP more similar to 


RNA or DNA?  Explain why you chose your answer.








________/50  ________%  ______
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