Dr. Nedwidek 

SLS43QM Biological Molecules Lesson Plan
10/7-11/2013

Aim 1: How do we describe the aqueous molecular environment of a cell?

There is a quiz Tuesday oct 15 on general chem and water chem.  Hws 7 and 8, tbd, due mid-week the Friday before Columbus day respectively. Study these notes and notes you take from the board.  And I will demonstrate pH the coming week.

Bonding and factors that affect it:

-Intramolecular bonds: happen within molecules.  They are ionic (weak) or covalent (stronger).

-Intermolecular bonds: happen between molecules.  They are weak, and have to do with charge or structure/size.

-Charge, for example, electrostatic: H-bonds are weak, electrostatic interactions, and are characteristic of the interactions water has with itself and with other charged particles.  Charge is what makes water sticky.

-Structure/size: Van der Waals bonds are weak hydrophobic or steric (3D) interactions that pack molecules together.  They create a 3D landscape. (see demo)

Water is so charged that integral membrane channel proteins must be lined with charged molecules to allow water to pass easily through the phospholipid bilayer.  See my demo on fat and amphiphlic channels.  

The chemical properties of water are that:

-waters interact + to – as magnets do.  Draw H-bonds. (b/w water and water and sometimes other stuff)

-water is sticky but can dissociate.

-the bonds that hold water are both polar covalent.

-there is a wide range of boiling point to freezing point, which protects life.

-of all of the phases, ice is the most organized state of water, and as such takes up more space than liquid water.  It has the lowest entropy (randomness, symbolized S).  Ice has a hexagonal shape, and it can be seen in its crystalline form in snowflakes (see demo). Draw some ice crystals in your notes.

The chemical characteristics of water are that:

-water has defined phase states and dissociation behaviors.

-isolated protons or H+ have a relative + charge.  Protons are hydrogen nuclei.

-The total [H+] determines pH. 

3 phases of water:

S-ice-most organized phase

L-water-you drink this

G-water vapor-least organized phase

Temperature correlation

Solid(Liquid(Gas

Colder

hotter

Decreasing((Increasing temp

Water interaction with other molecules:

Water dissociates by reaction with itself:



proton,
hydroxyl ion

H2O ( 
H+ + OH-
Water

ions above, both are reactive with other waters.

Draw a diagram in your notes of hydronium ion (H3O+) formation.  Hydronium H3O+ is formed by attack of H+ on the negative side of water.

-pH is a reflection of equilibrium shifts in proton and hydroxyl ion balance. 
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Again:

-water is self-reactive.

-proton is a hydrogen atom that lost its valence electron.

-pH is a measure of protons or hydronium ions in aqueous solution.

A discussion of acid-base equilibrium is presented below:

Acid ( ([H+] = ([H3O+]

Base ( ([H+] = ([H3O+]

pH is a counter-intuitive numerical relationship relative to actual acid concentration.

pH = -log10[H+] = -log10[H3O+]

This is because it reflects an absolute value of the amount of H+ molecules in solution.

But it is impossible to talk about pH without discussing moles:

Recall that atomic number is # of protons, atomic mass (weight) is # protons and neutrons.

1 mole = 6.02 x 1023 (avogadro’s #, of) molecules

-The number of grams per liter required to make 1 molar solutions of a particular element or compound increases with atomic mass.

-atomic mass is used to calculate the number of grams per mole.

1M = 1 molar = 1 mole per liter = 6.02 x 1023 molecules per liter.

Create a number line below that represents a series of solutions ranging from 10-1 to 10-14, with corresponding proton concentrations under them.  Assume 7 is neutral, where protons = hydroxyl ions in aqueous solution.  Assign an acid and base range based on the pH number.

[H+], Molar

pH

characteristic

Recall that water dissociation is described by: H2O ( [H+] + [OH-]

So (H+ means less OH- and (H+ means more OH-
At pH 7 (neutral), [H+] = [OH-].  This is true equlibrium.

[H+][OH-]   =   10-14    =    Kw    =    water constant

[H2O]

In aqueous solution, acid or base shifts the equilibrium of [H+] versus [OH-].  As one goes up, the other must compensate to maintain Kw. 

The most important elements for cell survival are pH, salinity, and nutrient availability

-weak acids ionize less than strong acids.

-a strong acid loses its protons easier than H3O+.  

-Dissociation is the formation of ions.

-An example of covalent dissociation in aqueous solution is that of acetate:

CH3COOH ( CH3COO- + H+
-An example of ionic dissociation is that of table salt:

NaCl ( Na+ + Cl-
…

So how do we get water inside the cell if its borders (the inside of the membrane) are hydrophobic?

-As stated previously, the fluid mosaic model accounts for some integral proteins that are transport channels.  These big macromolecules have the ability to rapidly let water and other ions through all membranes. H2O slowly moves in and out of the cell by diffusion and osmosis, but cannot do so without the aid of channels.  Ion channels, specifically water channels, move water ions in and out faster than diffusion and osmosis will allow.  Without the help of channels, water would mostly bounce off of the fatty cell membrane.  Only gases can diffuse through unaided.  Draw diagram from board:

-Channel transport is fast, diffusion and osmosis are slower, and mostly water bounces off of the membrane.  

The most important things to a cell are pH, salinity, and nutrient availability.

4 major and important types of biological macromolecules (see aud 27 and 38) are described characteristically as 

-proteins: amphiphilic, hydrophilic, hydrophobic.

-carbohydrates: mostly hydrophilic/water soluble, except complex carbs.

-lipids: hydrophobic, except phospholipids (amphiphilic).

-nucleic acids: all hydrophilic.

Aim 2: What are macromolecules made of?

Macromolecular properties are defined by the functional groups that compose the macromolecules.  These functional groups are composed primarily of six major elements (see aud 27), which are the smallest atomic components of important functional groups (see aud 38).

Aud 27: Important elements: MUST KNOW!!!

Name

Symbol
Valence
# of Bonds preferred
significant isotopes
Hydrogen
H

1

1


2H, 3H

Carbon

C

4

4


14C

Nitrogen
N

5

3


15N

Oxygen
O

6

2


18O

Phosphorous
P

5

5


32P

Sulfur

S

6

2


35S

-Isotopes have the same number of protons as the parent element, they have varying numbers of neutrons, and they possess unstable nuclei.  The superscript before the element represents its atomic weight.  Isotopes exist for all of these elements and are used in biochemical tags/tracing technology.

-Above-listed elements combine to form functional groups.  These functional groups have properties different from the elements that form them when they assemble to form and shape the 4 types of biological macromolecules described above.

Aud 38: Important functional groups: MUST KNOW!!!: fill in “looks like” from the board.

Elements
Name

Characteristics

Looks Like
Found in molecules

Contained

-H

hydrogen
polar


-

all

-OH

hydroxyl
polar


-

carbs, alcohols, steroids, acids

-COOH
carboxyl
acid


-

amino acids, fatty acids

-NH2

amino

base


-

amino acids, nucleic acids

-H2PO4
phosphate
acid


-

nucleic acids, phospholipids

-CH3

methyl

nonpolar

-

lipids, other

-Monomers assemble to form dimers & polymers. Fill in important prefixes for subunit assembly:

______=one;
______=two; 
______=three; ______=four; 
_______=five;  ______=six;  ______=many. These prefixes describe the number of units of something (mer) within a molecule.

Dehydration synthesis is the “condensation” or connection of two monomers, such that water is put out, yielded, or released to the environment.  During hydrolysis, water goes in or is consumed by a bond between subunits to break apart or lyse dimers or polymers.

Both dehydration synthesis and hydrolysis require enzymes or catalysts that differ depending on the reaction.  The proper molar concentrations of reactants are important for reactions to go forward.

By way of clarification, Avogadro’s number was found by “weighing” a carbon atom at 1.99268 x10-23 grams (or one mole), and relating this value to the mass of one mole of carbon.  Knowing Avogadro’s number of molecules per mole, what must the mass of one mole of carbon be in grams?

When is “mole day”?  Hint: It coincides with an important day that has something to do with your grade in this class, and you might see it on Tuesday’s quiz, which also has to do with your grade in this class.  Why are moles important in biochemistry?

