Carbohydrates

OMIT 14.4

GENERAL

Biomolecules all perform multiple functions in the body.  Most of these functions can be viewed as being either architectural or energy-related.  

Although all four major classes of biomolecules covered in next four chapters of text have functions fitting into both of these broad categories, largest quantity of carbohydrates used for energy storage.

Blood glucose and glycogen in liver and muscles are carbs.

Read about Type I and Type II diabetes, text p. 410

Carbohydrates invented by prokaryotes as energy storage molecules a couple billion years ago.

Empirical formulae of simple sugars Cn(H2O)n.  “Carbo” = carbon and 
“hydrate” = water.

Complex carbohydrates formed from simple sugars by dehydration (loss of one water molecule for every sugar-sugar bond formed).  Empirical formula Cn(H2O)m, where n-m = number of sugar-sugar bonds.

Carbohydrates are partially oxidized hydrocarbons (carbon and water).  Burn colder biochemically than hydrocarbons would (more controllable).

CARBOHYDRATES

MONOSACCHARIDES-OPEN CHAIN
Monosaccharides all have 1 site of unsaturation ([CH2O]n empirical formula).  Have either one carbonyl or one ring.

Aldoses and ketoses.  Monosaccharides either aldoses or ketoses.

In open-chain form (Fischer projection) aldoses have aldehyde on one end and CH2OH on other.  Aldehyde drawn on northernmost end of Fischer projection.  CH2OH on south side of Fischer projection.

Ketoses have ketone carbonyl group somewhere in middle of Fischer projection.  Have CH2OH on both north and south ends.  Ketone is placed as far north as possible in Fischer projection.
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D and L sugars.  If OH group on first crossbar from bottom in Fischer points right (east) sugar is a D (dextro=right) sugar.  If it points left sugar is L (levo=left) sugar.

Numbering.  Northernmost carbon numbered "1" and southernmost carbon has highest number.  Number from top down.
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MONOSACCHARIDES-HAWORTH STRUCTURES
A monosaccharide molecule can form a cyclic hemiacetal or hemiketal with self (reaction between carbonyl and one of its alcohol OH groups).

To generate cyclic structure from Fischer projection use following system:

1.
Number the Fischer structure (top down).

2.
Make ring by attacking carbonyl C with the alcohol O which makes correct ring size (count).

3.
Draw ring so that included O is either due due north (odd ring size) or on northeast side (even ring size) of Haworth structure.

4.
Draw up/down bonds to ring C's.

5.
Number ring carbons so that anomeric C (was carbonyl carbon in Fischer) is on due east side of Haworth.  Number clockwise around ring (most sensible convention).

6.
Attach OH groups to ring carbons.  Left in Fischer is up in Haworth and vice-versa.  Mnemonic: read from left to right and up to down.

7.
Reverse convention for carbon just left of ring oxygen in Haworth structure.  This is C bearing O which attacked carbonyl carbon in Fischer.  If carbonyl was attacked by CH2OH this won't matter (carbon not chiral-contains two H's in Haworth).  Otherwise locate the H on this carbon in Fischer and place with opposite convention in Haworth (can't place OH- it's now gone- O attached to anomeric carbon).

8.
Locate OH on anomeric C according to whether you want  or The  and convention is determined by the highest-numbered chiral carbon in the ring.  means OH on this C was originally on same side of Fischer projection as the OH produced from carbonyl oxygen.

9.
Locate all other groups attached to ring carbons so as to conserve original Fischer chirality.
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For carbons attached to anomeric carbon or ring-closing carbon look to see whether remainder of Fischer projection flows in same direction (up or down) away from these carbons as original Fischer projection.  If so use original Fischer projection; otherwise reverse OH positions.

EXAMPLES:
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To reverse this procedure:

1.
Number C’s in Haworth structure.  Any C’s attached to anomeric C (east of O) which outside of ring get lowest numbers.  Number until you hit anomeric C, then go clockwise.  C's attached to west of O (reversed) carbon get highest numbers.

2.
Now set up Fischer projection numbered top down and put ring OH's into correct positions according to convention (up=left, down=right).  Remember to invert chirality for west-side C.

3.
To specify a Haworth structure as aldopentose, ketohexose, etc. first look at number of anomeric C (east side of O).  If number=1 then aldose, otherwise ketose.  Size of sugar is total # of C's, including C's attached to anomeric and ring-closure carbons (east & west side of O in Haworth projection). 

POLYSACCHARIDES
Glycosidic link occurs by removal of water from two OH groups attached to two Haworth sugar structures.

To determine designation of link (ie.  -1,4) number the connected Haworth structures to determine numbers of carbons linked together by oxygen bridge.  Write down these numbers and place  or  in front of whichever number(s) is/are anomeric carbon(s).  Remember:  or  refer only to anomeric carbons-nothing else.

Now generate link designation using following examples:

1 2 becomes ,-1,2

1 2 becomes ,-1,2
1  becomes -1,4

1 4 becomes -4,1

Common Polysaccharides:

	NAME
	LINK
	BRANCH
	FOUND

	amylose
	-1,4
	none
	starch

	amylopectin
	 -1,4
	-1,6
	starch

	glycogen
	 -1,4
	-1,6
	liver

	cellulose
	 -1,4
	none
	plants


Skip discussion of nitrocellulose and rayon p. 428.

Read section on blood types on bottom of page 430 in text.

