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Chem 431A-L22-F’07 (week 8) 
admin:   next time: quiz (wed Nov 14) 
Chapt 5 deadline in Monday, Nov 12 
NO CLASS Monday, Nov12. Veterans Day 

Last lecture: 
1)  Brief intro to antibody structure  
2) muscle structure 
3) Intro to Carbohydrates   4) Quiz 

Today: 1) dissacharides  2) glycans 
Remaining schedule: Nov 9 (dissach, glycans) 
Nov 12(no class), Nov 14(finish CHO, Quiz8) 

Nov 16(lipids1),  Nov 19 (lipids2), 
Nov21(lipids3,Quiz9), Nov 23(lipids 

Lecture:   (0) 
For aldhexoses, there are there are 4 chiral centers and the # possible unique stereoisomers is 24 = 16. 
Glucose is a D-sugar because its struc looks like: It’s a 
D sugar because the farthest chiral carbon (C5) has 
same configuration around the chiral carbon as D- 
glyceraldehyde.  In nature, D-sugars are the norm.  L-
sugars are rare and for special cases only. 
Sugars that differ by configuration around only 

 
D-glucose(Fisher Proj).       C5 carbon is “D” 

1 chiral carbon are called epimers.  Thus 
glucose and mannose are epimers of each 
other.  Note that mannose has HOCH at 
C2 position while glucose has HCOH at 
C2 position. Know the structures of D-
glyceraldehyde, D-ribose, D-glucose, D-
fructose & dihydroxyacetone. etc (see 
right)as well as their ring structures. 

 
D-Glc           L-Glc          D-Man        D-Gal          D-Fru        D-ribo 

(1)  
Note that D-fructose and dihydroxyacetone 
(DHA) are ketohexoses!   The ketone group is 
in the C2 position. (they have one less chiral 
center than equiv. aldose).  So for ketohexoses, 
there are only 23 possible stereoisomers.  Or 8 
possibilities. If limit ourselves only to the 
“D’s”, we have 4 possibilities (i.e. 8 /2 = 4).  

Chemical reactions of sugars: Alcohols (-OH) react 
with carbonyl groups (C=O) of aldehydes and ketones 
to form hemiacetals and hemiketals, respectively: 
Eg:  R1-OH + R2CHO    R1-O-C(H,OH)-R2(hemiacetal) 
(+R3-OH)  R1-O-C(-H,O-R3)-R2 (acetal) (glycosidic b.?) 
R1-OH+ R2-(C=O)-R3  R1-O-C(R2,OH)-R3 (hemiketal) 
(+R4-OH) R1-O-C(-R4,O-R3)-R2 (ketal) (glycosidic b.?) 

 
When it happens in a glucose molecule for 
instance, we are talking about the C1 aldehyde 
group and the C5-OH forming a sugar ring (often 
conveniently represented by a Haworth 
structure).  The 6-membered ring is called a 
pyranose ring (looks like pyran).   So when 
glucose is in this form , we can call it a  

glucopyranose to emphasize that it is in the ring form.  
As it turns out, the formation of the hemiacetal can 
place the OH either “above” or below the ring. These 
2 possibilities are called anomers. 2 anomeric forms: 
the α and the β. The carbonyl carbon is called the 
anomeric carbon because it becomes a chiral center 
even though it was not so in the linear structure. 
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So the structure at right is an α-D-glucopyranose. 
And the structure is called an Haworth structure: 
(note that the Haworth structure is a projection. The 
previous structure is the linear form).  Number the 
structure!  Note that the hemiacetal formation is 
reversible even if it involves a covalent bond. α anomeric C 

 
We note that when linear struc has OH to the right, 
the Haworth struc has OH down.  the OH at C1 can 
be either up or down since it  comes from the 
hemiacetal formation. and so C1 is anomeric. The α 
and β anomeric forms freely interconvert in  

solution and are at some equilibrium with about 
63.6% in the β form and 36.4 % in the α form. The 
linear form? Very minute amounts.  Note that under 
physiological conditions, these interconversions can 
take place thus giving sugars a certain level of  

 
variability in structure.  Epimerization however is different and it 
doesn’t occur normally without the intervention of a specific 
enzyme. Look at the corresponding Haworth struc for α-D-
fructofuranose. (note that furanose ring is a 5 membered ring as 
opposed to the 6-membered ring, pyranose).   
 
Note that the Haworth structures are convenient to 
draw but they may give the impression that a 
monosaccharide is planar.  Actually, all the C’s are 
sp3 hybridized and are tetrahedral .  The pyranose 
ring is like the cyclohexane ring and can assume the 
chair or boat conformation (viz. conformational 
isomers, conformers).  Of the 2 conformations, the 
one that predominates is the one in which the  

bulkiest ring substitutents occupy equatorial positions 
rather than the more crowded axial positions.  Only 
β-D-glucose can simultaneously have all five of its 
non H substituents in the equatorial position.  That’s 
possibly why, glucose is the most abundant 
monosacc in nature. Note the corresponding chair 
structure of α -D-glucopyranose is one where all 
OH’s are equatorial but anomeric OH is axial. 

 
Several kinds of rxns allow sugars to have sugar 
derivatives:  The anomeric carbon of a sugar can 
condense with an alcohol to form α- or β-
glycosides which are cyclic acetals or ketals.  The 
bond connecting the anomeric carbon to the alcohol 
oxygen is called a “glycosidic bond”. 

A bond that connects anomeric carbon with an 
amine is called “N-glycosidic” bond. Like in 
between ribose and purines/pyrimidines in nucleic 
acids.  These glycosidic bonds are thermodyna-
mically like peptide bonds – they are kinetically 
stable in the absence of hydrolytic enzymes. 
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Polysaccharides (“glycans”) are monosacch liked 
together by glycosidic bonds.  
Homo or heterosacch depending on whether there is a 
mix of type of monosacch monomers. 
Disaccharides – 2 monosacch. Simplest of the 
polysacch. Most abundant disacch is sucrose (table 
sugar).  Show struc.   (know structure) 
0-α-D-glucopyranosyl-(1->2)-β-D fructofuranoside. 
Sucrose can be written in short as:  Glcα(1->2) Fruβ 
(note: α (1->2)β linkage.) 
That is is an nonreducing sugar because the anomeric 
carbons are not free to open up to become noncyclic.  
The anomeric carbons of Glc & Fru are C1 and C2 
respectively.   

maltose is α-D-glucopyranosyl (1->4) D-
glucopyranose. can be written as α-D-Glcpα(1-
>4)D-Glc p  or for short, we can write:  
Glcα(1->4)Glc. 

  
maltose is the dimer in energy storage polysacch  
- note that it has α(1->4) linkage.   
- one of the anomeric carbons is free to open up 
and become reducing aldehyde.  “reducing” refers 
to ability to be oxidized by cations. A classic way 
to determine reducing sugar is to react it with 
Cu2+ under alkaline conditions. 
R-CHO + 2 Cu2+ + 5 OH-  

           R-CO2
- + Cu2O  (red ppt)  + 3 H2O 

(we speak of dimers not monomers because storage 
glycans are metabolized initially as dimers to release 
maltose). amylose –-> maltose+a bit of glucose.) 
                      (α-amylase) 

-has a reducing end and non reducing end 
-is easily soluble in water. 
 

 
Lactose is Gal β (1->4)Glc , found in milk. energy 
source. Note β(1->4)linkage 
 
Trehalose: Glc α(1->1)Glcα, found in insect blood. 
energy source. nonreducing. 
It is possibly a good antifreeze for insect blood as 
well. Better than some of the other sugars.   

Cellobiose: Glc β(1-4)Glc, dimer in cellulose 
(mostly plants),  
  Note very similar to maltose 
except b not a.  major effect on enz. 
Gentobiose:  Glc β(1-6)Glc, some plants. 
 

  
-Summary: In considering the disaccharides, it is 
important to note the features such as: a) kind of 
monomers involved, b) anomeric form, c) carbons 
involved in the linkage, and d) order of the 
monomers (nonreducing first). 
OK, we are ready to discuss polysaccharides. 
“glycans” in general 

There are homopolysacchs (same monomers) and 
heterosacch(diff monomers) 
If homopolysacch with glucose, “glucans”, if 
xylose “xylans”, etc. 
of 2 kinds:  storage (energy storage), and structural. 
storage:  
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3 kinds: 
(1) amylose:  -linear polysaccharides,  water soluble, 
soluble starch. longterm storage, cornstarch. 
-(maltose)n- 
(Again: we speak of dimers not monomers because 
storage glycans are metabolized initially as dimers to 
release maltose). 
e.g. amylose–(α-amylase)->maltose+ a bit of 
glucose.) 

only one reducing end. metabolized by releasing 
glc one at a time from the reducing end (α-
amylase). 
-2°structure is helical with 6 glc per turn. large 
central cavity 
extensible. can be cleaved by animal enzymes. 
 
(2) amylopectin: similar to amylose but having 
branches.  at the forks, is α(1-6) linkage. 

 
 

 
 
Because of the branches it is not easily soluble.  
Found in plant starch. due to many branches, 
"debranching enzymes" can quickly make available 
many reducing ends for quicker use. 
 
glycogen similar to amylose but containing more 
frequent branches and shorter linear segments.  
Again good for short term storage.  Present mostly 
in liver and also in muscle for easy availability. 

Again, we note the logic behind the branching of 
the starch.  first of all, glucose is a good fuel but it 
is a small molecule. It's presence as individual 
glucose molecules would have a big effect on the 
osmotic pressure of the cell.    
 

 
structural polysacch 
(3) most common polysacch is cellulose (found in 
wood fibers) 
dimer is Glcβ(1->4)Glc.  note that the only diff is 
β(1-4) linkage. profound consequences: polymer is 
able to be fully extended, H-bonded to neighboring 
fibers as well as within same fiber. very strong but 
NOT very stretchable. (like silk fibroin). 

-not digestible by animal enzymes.  Only certain 
bacteria and protozoans. symbiosis with herbivores 
and termites for instance. some fungi also. 
-interesting how much energy available if we can 
only eat it!  solve problem of starvation.  efforts to 
harness genetically engineered bacteria incubated in 
tanks full of cellulose from crop debris to convert to 
ethanol for fuel for cars.... 

 


