Chemical Basis of Life (Chapter 2)
1. Matter- anything that has mass and occupies space.
2. Element- simplest form of matter to have unique chemical properties.
Ex:   Water -------------------has unique chemical properties 

Broken down into 2 elements:  Hydrogen  +  Oxygen-------------made of protons, electrons, 








& neutrons

Note:  Hydrogen & Oxygen are simplest chemically unique components of water & thus are    
elements
3. Atomic Number- each element identified by an atomic number which is the number of protons in its nucleus.

Ex:  

Carbon atomic # 6


Oxygen atomic # 8
*Note:

· 91 naturally occurring elements on earth.

· 24 play normal physiological roles in humans.

                   The 24 elements that play a role in human physiology are broken down 

       as follows: 

· 6 elements most abundant in human body:

i. oxygen

ii. carbon

iii. hydrogen

iv. nitrogen

v. calcium

vi. phosphorus

· Lesser Elements make up 0.8% of body weight:

i. Sulfur

ii. Potassium

iii. Sodium

iv. Chlorine

v. Magnesium

vi. Iron

· Remaining 12 accounts of 0.7% of body weight, and no one of them accounts for more than 0.02%. (known as trace elements)
Ex:
Chromium

Fluorine


Iodine
*Despite their minute quantities play vital roles in physiology!
*Note:
· Other elements without natural physiological roles can contaminate the body and severely disrupt its functions.

Ex:
Lead -------------------causes: Degenerative changes in brain, anemia, 



     damage to liver & kidneys
Bohr Planetary Model of a Carbon Atom:

4. Atomic Mass: of an element is approximately equal to its total number of protons and neutrons.

Ex:
Na -------------atomic # = 11


        atomic mass = 23
5. Electrons: around the nucleus are one or more concentric clouds of electrons (e-). Tiny particles with a single negative charge and very low mass.
Note: 
# electrons = # protons


So, their charges cancel each other & the atom is electrically neutral

6. Electrons swarm about the nucleus in concentric regions called electron shells (energy levels)
*Note: Every atom of an element is identical.-----------------------------------( UNTRUE!
7. All elements have varieties called Isotopes that differ from each other only in number of neutrons and therefore in atomic mass.

Ex: Hydrogen atoms have only one proton, but an isotope called 
· Deuterium has one proton & one neutron

· Tritium has one proton & two neutrons
*Note: All isotopes of a given element behave the same chemically.



Ex:  Deuterium reacts with oxygen the same way Hydrogen does to produce water.
8. Atomic weight: is equal to the total number of protons and neutrons contained in the nucleus. (Accounts for fact that an element is a mixture of isotopes.)

Ex: Carbon ( 12C ) has atomic weight of 12.00 and atomic mass of 12.00

Carbon also contains heavier isotopes ( 13C and 14C )--------atomic weight is higher 12.011
9. Ions: charged particles with unequal numbers of protons and electrons.


Elements with: 
1 -3 valence electrons---------------tends to give them up



4 -7 valence electrons---------------tends to gain more

10.  If an atom of the 1st kind exposed to an atom of 2nd electrons may transfer from one to the other and turn both into ions.------------------------ > this process is called Ionization
11.  Particle gains electrons acquire (-) charge called Anion.

12.  Particle loses electrons acquires (+) charge. (Because it now has surplus of protons) called cat ion. 

Ex: (Sodium and Chlorine meet)

13. Electrolytes: molecules that ionize in H2O and form solutions capable of conducting electricity.

Ex:  most abundant electrolytes in body


Sodium Na+



Potassium K+



Calcium Ca+



Magnesium Mg+
*Note:
· Electrolytes essential to nerve and muscle function.
· Electrolyte Imbalance effects:
· Muscle Cramps
· Brittle Bones
· Cardiac Arrest
14.  Free Radical: particle with an odd number of elements.
Ex:  Oxygen normally exists as O2 but if additional electrons added becomes a Free 
Radical called Superoxide Anion-------------------(
*Note: Free Radicals are produced by some normal metabolic reactions of the body such as:

· WBC kill bacteria 
· Radiation
· Chemicals-----------------Cleaning Solvents, Nitrites 

Damages by free radicals : cancer, myocardial infarction
Neutralizing free Radicals:

15.  Antioxidant: substance that neutralizes free radicals.
Ex: Vitamin E, Vitamin C, Carotenoids.

(These work in chain reactions.)

Vitamin E reacts with free radical and converts it to a less harmful form but this converts Vit E into a harmful radical-------------Carotenoids then inactivates Vit E radical and in turn becomes a radical.  Next, Vit C neutralizes the carotenoid radical; resulting in Vit C radical which is water soluble and quickly eliminated in urine.
Note:  Animals deprived of Vit E get: muscular dystrophy and sterility.
16.  Molecules: When atoms chemically bond with each other. Some molecules consist of 2 or more atoms of same element.

Ex:  Oxygen ( O2 )
Compound: molecules composed of 2 or more different elements
Ex:  Carbon Dioxide ( CO2 )
17.  Chemical formula (molecular): indicate the types and numbers of atoms present.



Glucose :  
C6 H12O6 ----------------does not give enough information 
18.   Structural Isomers: molecules with identical atomic compositions but different arrangements of their atoms. Show difference we use Structural Formulas.
Ex:
19. Chemical Bonds: (Force that attracts one atom to another.)

3 types: Ionic, Covalent, Hydrogen.

1. Ionic Bonds: An attraction of oppositely charged ions to each other.

Ex:  Na +  and  Cl -     (become NaCl -> Salt)
Relatively Weak---------easily disrupted by water 
2. Covalent Bonds: Sharing of one or more pairs of electrons between nuclei. Strongest type of Chemical.

· Single Covalent: Sharing of one electron pair.






H - H
· Double Covalent: Sharing of two electron pairs.






O = O
· Non Polar Covalent: Covalent bond in which electrons are equally attracted to both nuclei.
· Polar Covalent: Electrons are more attracted to one nucleus than to the other, resulting in slightly + or – regions in one molecule.
3. Hydrogen Bond: Weak attraction between polarized molecules or between polarized regions of the same molecule.





Weakest of all bonds.  Easily disrupted by temperature & pH changes.
20. Mixtures: substances that are physically blended but not chemically combined. Each substance retains its own chemical properties.

· These mixtures can be classified as:

· Solutions

· Colloids

· Suspensions

A. Solutions: consists of particles of matter called solute mixed with a more abundant substance (usually water) called solvent.

Solutions defined by these properties:

· Solutions are usually transparent.  Solute particles too small (under one nm)
· Solute and solvent cannot visually be distinguished from each other.

· Solute does not separate from solvent when solution stands.

· Solute particles will pass thru most artificial selectively permeable membranes.

Ex:
- Glucose in blood 

- O2 in water
B. Colloids: 

· Colloidal particle range 1-100nm. Large enough scatter light, so colloids usually cloudy.

· Solute still remains permanently mixed with solvent when mixture stands.

· Particles too large to pass thru most selectively permeable membranes.

· Many colloids can change from liquid to gel states.

Ex:
- Proteins in blood 

- Intracellular fluid 
C. Suspensions:

· Suspended particles exceed 100 nm in size. Suspension appears cloudy or opaque.
· Particles too heavy to remain permanently suspended. So, separate on standing.
Ex:
Blood cells (suspension of cells in plasma)
              ------------(if allowed to stand, blood cells settle to bottom
21. pH SCALE (0.0 to 14.0)

· Neutral(A solution with pH of 7.0

· Acidic(A solution with pH below 7.0

· Basic( A solution with pH above 7.0

· The lower the pH value, the more hydrogen ion a solution has and the more acidic it is.

· Slight disturbances of pH can seriously disrupt normal physiological functions and alter drug actions. So it is important for the body to be able to control the pH levels.




Ex:
Blood normal pH 7.35 – 7.45




Deviations from this causes tremors, fainting, paralysis, death

Chemical Reactions:

22. Chemical Reaction: Process in which chemical bond is formed or broken.
a. Reactants: Substances that enter into a reaction and are consumed by it.
b. Products: Substances produced by the reaction.
23. Chemical Equations: Symbolic representation of the course of a reaction. Typically shows:
· Reactants on left
· Products on right
· Arrow pointing from reactants to products.
CH3CH2OH   +   O2 ------------------( CH3COOH   +   H2O
24. Class of Reactions:

1. Decomposition reactions: Large molecule breaks down into 2 or more smaller ones. AB ( A+B
Ex: Eat a potato -------------------(digestive enzymes decompose starch into 




thousands of glucose molecules
2. Synthesis reactions: Two or more small molecules combine to form a larger one. A+B ( AB

Ex: Body synthesize protein ----------(combines hundreds of amino acids with 



         peptide bonds 
3. Exchange reactions: 2 molecules exchange atoms or groups of atoms. 

AB+CD ( AC+BD


Ex: Stomach acid (HCl) enters small intestine, the pancreas secretes sodium 

       bicarbonate (NaHCO3) to neutralize it.  

NaHCO3   +   HCl ----------------( NaCl   +   H2CO3
25. Reversible Reactions: Can go either direction under different circumstances and are represented with double headed arrow.
CO2   +   H2O (-------( H2CO3 (-------( HCO3   +   H+
· This happens (type of reactions):
· Respiratory
· Urinary
· Digestive
26. Reaction Rates: Factors that affect reaction rates:
· Concentration: Reaction rates rise when reactants are more concentrated.

· Temperature: Reaction rates rise when temperature rises.

· Catalysts: Speeds up reactions (enzymes) 
Energy and Metabolism:

27.  Work: To move something.
28. Energy: Capacity to do work.
a. Kinetic energy: energy of motion (objects in motion)
Ex: Skeletomuscular movements
b. Potential energy: energy contained in objects because of its position or internal state but that is NOT doing work at the time.
Ex: Objects that have the capacity to move but are not moving 
c. Chemical energy: potential energy stored in the bonds of molecules. Chemical reactions release this energy and make it available for no physiological work.
Ex: Bonds Breaking
29. Thermodynamics: Science of energy transfer.
· 1st Law: energy can be converted from one form to another but cannot be created or destroyed. It can only change from one form to another. (energy is conserved)
Ex: Glucose used to jog----------------energy that is in chemical bonds of glucose is    converted to another form such as movement and heat.
*It only can change from one form to another  ( Potential -----( Kinetic )
*Total amount of energy in the universe remains constant.
· 2nd Law: In every energy transfer, some energy becomes heat and can NO longer do useful work. As energy is used more and more of it is converted to heat, heat is known as random molecular motion.
Ex: When we breakdown Glucose, we transfer energy to a molecule called ATP;

ATP is available for work (movement) but some energy escapes as Heat.
I. Inorganic Molecules:

1. Water: Takes up 50% to 75% of Body weight.

A. Unique Properties Stem from 3 Aspects of its structure:

1) Its atoms are joined by polar covalent bonds.

2) The Molecule is V-shaped, with 105 degree bond angle.               [image: image1.png]



3) H2O molecules are attracted to each other by hydrogen bonds.

B. Properties of H2O:

1) Solvency: Ability to dissolve matter.

· Substances that dissolve in water are called hydrophilic.

· Substances that do not are called hydrophobic.

· To dissolve in H2O: molecule must be charged, so its charges can interact with water’s

Ex: NaCl dropped in H2O (Hydration Sphere)
2) Adhesion:

· Adhesion: The tendency of one substance to cling to another.




Ex. Water adheres to body’s tissues and forms a lubricating film on 




membranes such as pleura--------------this reduces friction when 




lungs contract and expand.
3) Cohesion:

· Cohesion: The tendency of molecules of the same substance to cling to each other.




Ex. Spill water on the floor--------------forms a puddle and not little tiny 




drops.
4) Thermal Stability:

· Water helps to stabilize the internal temperature of the body.

· High heat capacity (makes water an effective coolant)
· Effective Coolant: When H2O changes from liquid to vapor, it carries large amount of heat with it.
One ml perspiration = 500 calories of heat from body
5) Chemical Reactivity:

· Reactivity: Ability to participate in chemical RxN
· H2O ionize many molecules, it also ionizes itself into: H+ and OH- ions.
· Hydrolysis-----------(
· Dehydration Synthesis------------(
2. Minerals:

1) Minerals: Are inorganic elements that are extracted from the soil by plants   and passed up the food chain to humans.
Ex: Calcium, Phosphorus, Sodium, Chlorine, Magnesium, Sulfur
· Minerals contribute to body structure.

Ex: Nucleic Acids composed of Phosphorus
Bones & teeth-----------Calcium
Protein--------------Sulfur
· Minerals also enable enzymes to function.

*SIDE NOTE*: Functional Groups: small cluster of atoms that determine many of the properties  of organic molecules.


Ex:

a) Hydroxyl Group (-OH)

b) Methyl Group (-CH3)

c) Carboxyl Group (-CooH)

d) Amino Group (-NH2)

e) Phosphate Group (-H2PO4)

II. Organic Molecules:

1. Carbohydrates: are a hydrophilic organic molecule with general formula (CH2O)n

Ex: Sugar Glucose (n=6) C6H12O6

· Names of Carbohydrates built on root sacchar or suffix ose both mean “sugar”

A. Monosaccharide: the simplest carbohydrate also called simple sugars.



Ex: Glucose, Fructose, Galactose.

B. Disaccharides: Sugars formed when monosaccharide combine in pairs.



Ex: Sucrose (glucose and fructose)/Lactose (glucose and 

                                   galactose)/Maltose (glucose and glucose)
· Disaccharides are held together by C-O-C bands called glycosidic bonds. (formed by dehydration synthesis and broken by hydrolysis)
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C. Polysaccharides: Glucose forms long chains that have molecular weight of 500,000 or more.



Ex: Starch, cellulose, glycogen.
1.   Starch:  2 Forms of Starch:

1. amylose (straight chain)

2. amylopectin (branched form)
Both forms digested by amylase--------found in saliva and pancreatic juice
              2.  Cellulose:

· Is a structure polysaccharide that gives strength to cell wall of plants.

· Consists of few thousand glucose monomers.

· Few animals can digest it. (humans derive no energy nor nutrition from it)
               3.  Glycogen:

· Is an energy storage polysaccharide made by animals.

· Synthesize by cells of Liver-----produced after a meal; breakdown blood glucose



Muscles-----store for energy




Uterus and Vagina-----uses it nourish embryo during pregnancy
Carbohydrate Functions:

· All carbohydrates get converted to glucose and glucose is oxidized to make ATP.

· They are conjugated with proteins and lipids called glycolipid and glycoprotein. (found in mucus, traps particles in respiratory system – resists infection)
· Proteoglycans: are macromolecules which the carbohydrate component is dominant and protein part is smaller component. (forms gels that hold cells and tissues together-----ex: in eye; lubricate joints
2. Lipids:

· Hydrophobic organic molecules, usually composed of carbon, hydrogen, and oxygen, with high ratio of hydrogen to oxygen.

Ex: tristearin C57H110O6 (more than 18 hydrogen or every oxygen)
· 5 types in Humans:

· Fatty acids

· Triglycerides

· Phospholipids

· Eicosanoids

· Steroids
1. Fatty Acids: chain of 4 to 24 carbon atoms with carboxyl group at one end and methyl group at other.

       Classified as:

· Saturated (Ex: Palmitic acid has so much hydrogen as it can carry-no more could be added)

· Unsaturated (Ex: linoleic acid some carbon atoms joined by double covalent bonds)

· Polyunsaturated Fatty acids have many C= carbon bonds.
*Note: Most fatty acids can be synthesized by humans, but a few that are called essential fatty   
acids must be obtained by diet because they can’t be synthesized by the body.
2. Triglycerides: Molecules consisting of 3 fatty acids covalently bonded to a 3-carbon alcohol, called   glycerol.  Also called: Triacylglycerol or Neutral Fats
· Enzymes that hydrolyze fats are: lipases.

· Primary function of fats:

i. Energy storage

ii. Animal insulation

iii. Shock-absorbing cushion


-Formed by dehydration synthesis & broken down by hydrolysis. 
3. Phospholipids:

· Similar to Triglycerides except in places of one fatty acid, they have phosphate group which is linked to other functional groups.

Ex: Lecithin (helps make up protective sheath that 

      surrounds the brain)
· Dual Nature:

· 2 fatty acids “tail of molecule are hydrophobic

· phosphate “head” is hydrophilic

· Thus, phospholipids are amphiphilic
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            Phospholipid                                                       Found in Cell Membrane
2. Eicosanoids: are 20-carbon compounds derived from fatty acids called arachidonic acid.

· Function: hormone like chemical signals between cells.

Ex: prostaglandins (found in all tissues & they play signaling roles in inflammation & blood clotting)
3. Steroids: A lipid with 17 of its carbon atoms arranged in rings.

Ex: Cholesterol (“Parent” Steroid-from which other steroids are 




synthesized)
Important in nervous system function
Ex: Coristol, progesterone, estrogens, testosterone, and bile acids. (Derived from cholesterol)

3. Proteins: 

                           a.    Amino acids:

· Protein is a polymer chain of amino acids

· Amino acid has a control carbon atom with an amino (-NH2) and a carboxyl (-CooH) group bound to it.
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· The 20 Amino acids used to make proteins are identical except for 3rd functional group called Radical.

Ex: simplest amino acid/ R is a hydrogen atom

Ex: largest amino acid/ R is rings of carbon

* Some R groups are hydrophilic & some are hydrophobic-----so,     proteins are as a whole __________________.
                           b.     Peptides: Any molecule composed of 2 or more amino acids joined by peptide bonds.
· Named for the # of amino acids they have.

Ex: dipeptides (have 2 amino acids)
· Chains fewer than 10-15 amino acid is called oligopeptides (ex: Oxytocin 9 a.a.)
· A chain larger than 10-15 amino acid is called polypeptides (ex: ACTH 39 a.a.)
                          c.    Protein Conformation and Denaturation: 
                  1. One of most important properties of proteins is their ability to change conformation.

· Conformation changes are important in:

· Enzyme function

· Muscle contraction

· Opening and closing of pores in cell membranes.
    2. Denaturation: more drastic conformational change in response to conditions such as   

         extreme heat and pH.
Sometimes reversible, when normal conditions are restored, but often, it      permanently destroys the function of the protein.
                           d.    Protein functions:

· Structure: Keratin, tough structural protein, gives strength to nails, hair, and skin.

  Collagen-----durable protein in bones, teeth, cartilage
· Communication: Hormones----------cell-to-cell signals.
· Membrane Transport:

· Some Proteins form channels in cell membrane that govern what passes.

· Other proteins act as carriers.
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· Catalysis: controlled by enzymes.
· Recognition and Protection:

· Antibodies------------attack and neutralize foreign organisms
Antigen---------foreign organism
· Clotting proteins – Protect body against blood loss.
· Movement: contractile proteins
Beating of cilia in respiratory tract due to contractile proteins.
· Cell Adhesion:

· Proteins bind cells to each other.





Ex: sperm & egg




       Immune cell to cancer cell

                           e.    Enzymes and Metabolism:

· Enzymes: Proteins function as biological catalysts.

· Permit biochemical RxNS occur fast at normal body temperature.

· How they are named:

· (names identify substance enzyme acts upon)

· this substance is called substrate

· add suffix (-ase)

Ex: amylase  digests starch (amyl = starch)
                           f.    Enzyme structures and action:

· Substrate bind to pockets or grooves called active sites in the enzyme surface and create a temporary, enzyme-substrate complex.
· Enzymes exhibit enzyme-substrate specificity, enzyme very selective.
Ex: Enzymes oxidizes glucose will not act on galactose because it does not fit in active site.

                    Substrate
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*Temperature & pH change shape of the enzyme & destroys ability of the enzyme to bind to the substrate.

· Enzyme vary in optimum pH

Ex: Salivary amylase (digests starch in mouth) functions best at pH 7, Inactive in stomach acid.
-Pepsin--------works in stomach 
-Trypsin-------works in small intestine 
                         g.    Cofactors:

· Many Enzymes cannot function without nonprotein partner called cofactors.

Ex: iron, copper

· By binding to enzyme, cofactors stimulate it to fold into a shape that activates its active site.

4. Nucleotides and Nucleic Acids:
                       A. Adenosine triphosphate: (ATP)

· Universal energy-carrying molecule
· ATP stores energy gained from exergonic RxNS such as, glucose oxidation, and releases it for physiological work

Ex: pumping ions thru cell membrane
· ATP is in a class of molecules called nucleotides.
                       B.  Nucleotides have three components:

· Single or double carbon-nitrogen ring called nitrogenous base.

· Sugar (monosaccharide)

· One or more phosphate groups.
Ex. 

ATP-----( *nitrogenous base is Adenine

       *sugar is ribose

       *3 phosphate groups
                       C.  ATP as an energy source:

· Most energy transfers to and from ATP involve adding or removing that 3rd Phosphate.
· Enzymes called: adenosine triphophatases (ATPases) are specialized to hydrolyze the 3rd phosphate bond to produce ADP and inorganic phosphate group.
· ATP + H2O---ADP and Pi and Energy= work/heat
· Pi: this free phosphate group is added to an enzyme to activate it----- 

       called Phosphorlation.
                     D. ATP Synthesis:

· Glucose oxidation is the RxN pathway known as glycolysis
· Splits the 6-carbon glucose molecule into 2, 3 carbon molecules of pyruvic acid. (next what happens to pyruvic acid depends on whether or not oxygen is available)
· If it is not, pyruvic acid is converted to lactic acid by pathway called anaerobic fermentation.
· If oxygen is available, aerobic respiration occurs (more efficient)
                                    This breaks pyruvic acid down to CO2 + H2O + generates up to 36 more molecules of ATP 
                                    for each glucose
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