Dr. Nedwidek Carbohydrates lesson plan: Junior Biology SLS43QM: 10/17-18/2013
Aim: Why do we need sugar, and how do we assemble it, even when it isn’t Halloween yet? (
-There is a lab this week on the microscope.  I am sending the files.  B2 Thurs 17, A1 Tues 22.
The quizzes are weighted as follows.  You will see a raw score, multiplied by 2, plus an additional 8 points for the mole problems.  If you got 80% or below on the multiple choice of this quiz (look at the printed per cent), you need to go to tutoring with me next weds.  This is not just a suggestion, but it is a strong request.  This biochem exam content coming oct 28 typically yields the lowest scores of the term.  No matter how much chem you think you know, you have to study MY NOTES on your own, each day, in advance of class. I am covering the molecules in the following order: 1 period each on carbs, lipids, and nucleic acids and 2 periods on proteins.  Part of a period on general properties and comparative chem at the start; hang on to the notes on functional groups so you can look back.

My goal is to cover one macromolecule per period, then molecular energy (leading to enzymes) , before your exam, as follows, if you want to get ahead (not kidding): sugars today, then fats, then nucleic acids, then proteins, then energy (meaning exergonic and endergonic reactions), all by Weds the 23rd.  Important intellectual things to hang onto as we take this ride: For EACH molecule: What is the monomer? What is the polymer?  What are they called?  How do they assemble?  What are the unifying reactions that convert from monomers to polymers and vice versa?  How are they similar & different for each type of molecule?

CARBOHYDRATES: Page ref: aud 42, 40; towle 55

All simple sugars are hydrophilic.  This includes monosaccharides and disaccharides.  Both of the classes listed below are water-soluble.  The formula for the monosaccharide glucose is C6H12O6.  Complex carbohydrates (starch, glycogen) tend to be insoluble in water, and polysaccharides like cellulose, found in plant cell walls, are not only insoluble but are indigestible by humans (cows with their four stomachs are OK to digest complex carbs from plants).  

-Monosaccharide sugars: ex. Glucose (Hexose, 6C), Galactose (Hexose, 6C), Fructose (pentose, 6C), Ribose (pentose, 5C)

-Disaccharide sugars: ex: sucrose (Glu-Fru) known as table sugar, Maltose (Glu-Glu), Lactose (Glu-Gal)

-Complex polysaccharides: starch (plants), glycogen (animals), cellulose (plants), chitin (arthropods and fungi), peptidoglycans (bacteria)

-Glucose (6C), fructose (6C), and galactose (6C) assume a linear crystal structure, but a ring structure in aqueous solution.  Ribose and deoxyribose (both 5 carbon) are rings in aqueous solution and are important for nucleic acid formation.

-To form polysaccharides, enzymes link hexose (6C) or pentose (5C) sugars by a glycosidic linkage to and from specific parts of the ring.

-Pentoses are 5-sided, like ribose.  Hexoses are 6-sided, like dextrose (aka glucose).  Monosaccharides are the monomeric parts of sucrose table sugar, which is a disaccharide (6C+ 5C ring).

Enzymes assemble polymers in cells.  Different enzymes promote the forward versus reverse reactions.

Polymer synthesis in sugars proceeds as follows, with the help of enzymes that run the forward (synthesis) reactions and reverse (hydrolysis) reactions.  

Dehydration Synthesis:

(Monosaccharide)n ( (n-1)H2O + a polysaccharide

( + ( ( (-( (one bond is formed and one water is released), disaccharide

( + ( + ( ( (-(-( (two bonds are formed and two waters released), trisaccharide

This pattern applies generally because there is always one less bond than the number of sugar monomers at play.  Monomers can assemble to form simple polymers in solution, but then those simple polymers can assemble to form more complex polymers.  The reason complex polysaccharides are hard to digest is because they are long, insoluble fibers.  Please note that the “one less bond” generalization or rule applies only to proteins, polysaccharides, and nucleic acids.  Lipids are the exception in the way they are assembled.  More on lipids tomorrow.

Copy below from the board the steps for synthesizing a maltose disaccharide from two glucose monosaccharides:

But first, note some key conventions in these reactions:

-One bond (a dash) is a single bond.

-Carbons are assumed where they are not drawn in.

-Carbons are central to the places where multiple bonds meet and no element is represented.

-Another name for one maltose is glucose -(-(1-4)-glucose: this is a dimer of glucose.  The alpha describes the way the carbons that link the two sugars are positioned relative to one another.

-Be aware that water is lost in the synthesis reaction described below.

-Be aware that phosphorylated sugars release huge amounts of energy to the cell…and this, boys and girls, is why sugar from candy gives you such a rush, and whole plant starches are so much better for you.  Plant starches take energy to break down, and leftovers are not as rapidly converted to fat.  But I digress.  

ScaryBiochemMath: 1 glucose + 1 glucose = 1 maltose + 1 water: Pls draw it from my board notes (and WATCH for mistakes, I am not as perfect as some of you are; I mean, I thought  the formula for water was H2O for all these years…apparently the class of 2015 redefined the laws of physics! Lol…HO-HO2!):

