BCH 33 LECTURE NOTES- CARBOHYDRATES V. Mez] 2€ct 244105
{Chap 9} RGN Room 4171
vmezl@uottawa.ca

562-5800 ext 8234

1.1 REVIEW: SYMMETRY AND ASYMMETRY OF ORGANIC MOLECULES

Structural isomers: have the same chemical formula but differ in their structures.

Stereoisomers: have the same chemical formula but differ in the orientation of their atoms @
in space.

Conformations: various arrangements in space obtained by rotating an atom or a group
around a bond or by twisting the molecule (without breaking any bonds). @

Configurations: various arrangements in space obtained by changing the points of
attachment of chemical groups (bonds must be broken to pass from one configuration to
another configuration).

1.2 Molecular asymmetry: When the arrangement of identical substituents is such that
the molecule and its image in a mirror are not superposable - > the molecule and its
image are two stereoisomers (TWO DIFFERENT STRUCTURES!).

The two configurations of glyceraldehyde (drawn according to the Fische convention in
which vertical bonds are behind the plane of the page, i.c., stick into the plane of
the paper and horizontal bonds are in front of the plane of the page, i.e., Point
towards you!).

L-form D-form

CHO CHO Ho\<=°
HO}H  H|}OH o _OH

CH,0H CH,OH

Naming with the Fischer convention: Align chain or molecule so that
oxidized end is up and pointing away from you
other end of chain or molecule is down and pointing away from you.

Molecule is called D if functional group is in your right hand, L if in left.

On your model: -Red=bond to oxidized end, -Green=bond to tail, -Blue=bond to OH


http://2Be1.wpd
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Thomas M
Sticky Note
Chair and boat forms – two different conformations. Two CONFIGURATIONS involve a chemical reaction to get from one conformation to another. 


Thomas M
Sticky Note
Stereoisomers are two different structures in space. They are two different configurations. 



Relevance of the two configurations

When two of the bonds going to carbon 2 are aligned in the in the same way for each
configuration, this FORCES the other two bonds to be on opposite ends in each
configuration.

HC=0 HC=0
HO=C=eH  H=C=OH

HG-OH  HC-OH

Conclusion : the two structures are different
These two stereoisomers are called optical isomers, or enantiomers

Importance: life is stereospecific!

Asymmetrical carbons: when a carbon atom is attached to four atoms or groups which are
all different from each other, there is the possibility of having two configurations .

A chiral molecule is a molecule which contains such an asymmetry. Such molecules are @
said to be optically active.

The asymmetrical carbon is called a chiral centre and the molecule has the property of
chirality.

A mixture of two isomers in equal quantities (obtained in a chemical synthesis) is called a
racemic mixture. The resolution of a racemic mixture is the physical separation of the two

components. @

.Q#1.2a In biochemistry, chiral centres are often produced by enzymatic reactions and they
are not necessarily lined up according to the Fischer convention. Since life is stereospecific,
a biochemist needs to be able to judge configurations. Identify the following depictions of
glyceraldehyde as D or L:

H CHO CH,OH H OH )
HO}CH,0H H}CH,0H H}OH HOCH,}OH H}CHO @HO<‘°
CHO OH CHO CHO CH,0H /% " “copu
(A) (B) ©) (D) (E)

If you can not do this by looking at the structure, you need to learn to do it for this course!

To learn: make a model of one carbon with four bonds (piece of styrofoam and four
toothpicks is ok). Label bonds as in D-glyceraldehyde. Try to fit model to structure
drawn on paper by rotating it appropriately.

If model fits, structure on paper is a D. If it does not fit, structure on paper is an L.


Thomas M
Sticky Note
Two mirror images will get same results – same rates of reactions etc. 


Thomas M
Sticky Note
With enzymes – one enantiomer won’t fit bc enzyme has very specific binding site. Think of thalidomide


Thomas M
Sticky Note
Enantiomer – mirror image that ISN”T superimposable. You need four different substituents to get chiral carbon to make mirror image. They are chemicaly identical but different in space


Thomas M
Sticky Note
Chirality – one atom has four substituents – chiral centre. Must look to see if many chiral centres. Chirality indicates more than one form is possible. 


Thomas M
Sticky Note
Enantiomers can make equal portions of both conformations. This is called racemic mixture. 50% D form and 50% L form. This isn’t useful to chemists, we want specific conformation. Resolution – pulling out one of compounds in pure form. How can we do this?? Get an enzyme that eats the form that you don’t want, then you’re left with say, the L formation. This is used when people have an unknown. 


Thomas M
Sticky Note
put all of them in fischer formation. Vertical bonds are going away, horizontal coming towards. 


Q#1.2b Imagine that you have a human shape molecular size robot that approaches carbon
2 of glycerol (CH,OH.CHOH.CH,OH) from the side that the H and OH bonds are on, then
seizes the H of carbon 2 in his left hand and the OH of C2 in his right hand. With his mouth
the robot then seizes the OH on the carbon

that is sticking up in his face and oxidizes it to an aldehyde. Will the robot produce D-
glyceraldehyde, L-glyceraldehyde or a racemic mixture of the two? @

2

f
§
H,C
\ l:l‘:‘_v e ]

H,COH

#1.2c What is the general size of the robot? mm? um? nm? pm? ...
Q g size p

1.3 Identifying enantiomers

1.3.1 Polarized light
Principle: Any molecule that is not identical to its mirror image will cause a rotation of

polarised light. @

When a beam of polarized light passes through a solution containing a chiral molecule, the
angle of the light will change.

One isomer will turn the light to the right (this isomer is dextrorotatory and indicated by a
+ or a d), the other isomer gives the same amount of deviation but to the left (this
isomer is levorotatory and indicated by a - or a 1). -> A racemic mixture has no
optical activity.

One cannot calculate the intensity or the direction (d,l) o@e optical activity. The intensity
varies according to conditions under which it is measured (pH, ionic force).

Note: Geometrical isomers (cis-trans) are also stereoisomers but they do not
contain chiral centres - > They do not have optical activity. @

1.3.2 Enzymes and enantiomers

Since the two structures are different, enzymes readily distinguish them: if an enzyme works
on one isomer it will not work on the other.

A biological synthesis therefore always gives only one isomer (because life is
stereospecific!).

Q#1.3: Why is life stereospecific?


http://2Ce1618L.wpd
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Thomas M
Sticky Note
why is the robot sterospecific? when the robot grabs two of the bonds, hte other two became oriented in space, they were no longer identical. THat is why.

Thomas M
Sticky Note
you have robot approaching a molecule (is it chiral? – every carbon has two substituents so not). It approaches middle carbon, gets OH in right hand, and with his head he bites of OH and turns it into carbonyl. Did he make a reacemicmix?? This reaction has to be stereospecific… why? What happens when ou grab the OH and the H? we’ve aligned the other two in space – they aren’t identical in space anymore. The robot oxidizes only one specific end. C1 and C3 are not unique in space – it is now prochiral – something that can become chiral in one reaction. If it has two identical groups  it can become chiral. 

Thomas M
Sticky Note
Use carbon ruler and estimate as a nm size robot. This can be used in nanotechnology  - reactions on nano scale. 

Thomas M
Sticky Note
Polarized light – send light through crystal – vibrates through one plane. Polarimeter is tube filled with liquid – send polarized light through it, and if you  have a D molecule, the light turns. You can then measure the ANGLE the light turns at. This is characteristic of all molecules that are not equal to their mirror image. 


Thomas M
Sticky Note
What will a racemic mix do in polirometer?? One isomer will turn one way, the other isomer wil turn the other way, and the two together will add up to zero – not letting light through

Thomas M
Sticky Note
The tubes are usually pretty long – why? Sensitivity – the light doesn’t turn very much so you have to put in long tube to allow it maximum time to turn. So you have to put in high concentration to see something turn. The tube came from Germany – grenzac – they would send impure vitamic C that was full of charcoal chips – the light didn’t go through the sample. If solution is cloudy it won’t work. How to measure DNA – use UV. Benzene absorbs UV like crazy, so light won’t go through. So subtract it out – this WON”T work. 


Thomas M
Sticky Note
You don’t find this instrument anywhere anymore – you need small amounts, outdated etc. who uses this polarimeter though?? Industry – 40% of drugs have chiral atom in them. Drug companies need it. Food industry has it – want to make sure you have right compound. 21.5 degrees is characteristic of a certain compound, compare values…. 


Thomas M
Sticky Note
Little d and l - Just a naming convention. The d goes right, l goes left. Fischer just guessed. No ways to preduct a compound. People using little d and little l to indicate the direction the light turns. Big D and L are absolute configuration. Any combination is possible (can get L and d, or L and l for eg). This is dependent on all kinds of things in water – pH (changes charges on groups), things like ionic strength of wate will also affect compounds. 

Thomas M
Sticky Note
Cis and trans – do they turn polarized light?? If you’re not identical to mirror image – you turn polarized light. If you put cis up to mirror, do you see trans? NO. so they don’t turn polarized light. 



1.4 Nomenclature for the configurations:

1.4a The “biochemistry” system (Fischer nomenclature): For sugars and amino acids the @
configuration is expressed relative to the configuration of glyceraldehyde.
The letters D and L are used to designate the two configurations. @

Using one’s hand for Fischer nomenclature {not in book}:
Bend the hand at the wrist and use the first three fingers to model a tetragonal carbon. One
determines the configuration of an unknown by comparing one’s hands with the

To have the assignments for the fingers, one can use

When my forearm comes from the end and my fingers are AAA,
D ("the") sugars are my right hand, amino acids are a Left hand away.

in which, for amino acids, AAA means: 1. Amino 2. Acid 3. Alpha-hydrogen
and for sugars, AAA means: 1. Alcohol 2. Aldehyde 3. A-hydrogen

1.4b The chemistry system (RS nomenclature) {pg 74}:
This is for your reference: You do not need to know it for this course...

NOTE: The Fischer nomenclature and the RS nomenclature are based on different premises
-> THERE IS NO EQUIVALENCE BETWEEN THE TWO SYSTEMS!

Summarizing questions:
Q#1.4a Question #1.2 stated: “In biochemistry, chiral centres are often produced by
enzymatic reactions”. What type of enzymatic reactions will produce chiral centres?

=

Q#1.4b Exception to section 1.3.2! There are enzymes that will act on both the D and the L
form of a compound.... Explain how this can happen. @


Thomas M
Sticky Note
Use your fingers!! – use carbons with hands. Wrist and elbows – and you have mirror image on other hand.  Wrist is bottom bond and first knuckle is chiral carbon.


Thomas M
Sticky Note
18 of 20 aa’s are RS, 2 are something else. 


Thomas M
Sticky Note
A reaction where we start with flat carbon – ketone, aldehyde. If you can reduce these – you can go from flat to four bonds. This creates chiral centre. This happens in fat. Enzyme hits fat and adds OH (fat is just CH2 bonds over and over). This creates isomer – you can’t predict which one of two isomers will be produced – you just know only one of them will be produced (bc using enzyme)

Thomas M
Sticky Note
its acting at a point that isn’t chiral centre. Could be acting on two different points on molecule. 

Thomas M
Sticky Note
ans - anything that can turn a prochiral group into something with four diff substiuents


1.4c DETAILS, TIPS AND EXTENSION OF THE AAA HAND SYSTEM

Imagining the hand as a carbon atom: Imagine your palm as the carbon. Your forearm is the
bond going to the R group. Your first three fingers are the other three bonds. With
the palm of your hand facing you, BEND your wrist away from you. SPREAD your
three fingers as much as possible and point the OUTER TWO FINGERS
TOWARDS YOURSELF.

The two configurations of glyceraldehyde AND OF THE HAND....

* Use this finger for the ring O of a pyranose or furanose when fitting to an anomeric carbon
(Easy to remember with the faulty logic: “this oxygen is more oxidized, it has two bonds to
carbons”

Note: When there is no hydrogen on the carbon (such as the anomeric carbon of fructose),
if you start systematically, by default the “hydrogen finger” will point to carbon 1.

Tip for fitting your hand model to structures seen on paper: Your wrist does not have
360° rotation and you will break it if you try to twist too much in the wrong
direction!

Start with the R group: If it is below the page, start from below and point hand upward;

if it is above the page, point into the page.
In all cases: when the second finger does not align, it is the other structure.

H CHO
HOCH,}CHO HO}H
OH CH,OH




1.5 STEREOISOMERS WITH SEVERAL CHIRAL CENTRES {Chap 9}

1.5.1 Words:

Enantiomers contain one or more chiral centres, all of opposite chirality. One is D, the other
L. Two enantiomers are non superposable mirror images of each other.

Diastereoisomers: a pair of stereoisomers which are not enantiomers. They contain more
than one chiral center but not all the centres are of opposite chirality.
Two diastereoisomers are not mirror images of each other. ®

Epimers: a pair of diastereoisomers in which one centre is of opposite chirality.
Two epimers are not mirror images of each other. @

HC=0 HC=0 HC=0 /& HC=0 1
HO-C-H H-C-OH [:] HO-C-H H-C-OH 2
H-C-OH  HO-C-H HO-C-H HO-C-H 3
HO-C-H H-C-OH H-C-OH HO-C-H 4
HO-C-H H-C-OH H-C-OH H-C-OH 5
H,OH H,OH H,OH H,OH 6
L-GLUCOSE D-GLUCOSE D-MANNOSE D-GALACTOSE

Reminder: the Fischer convention is: at each carbon horizontal bonds go towards you (i.e,
out of the plain of the paper), vertical bonds go away from you (into the plane of the paper).

L-glucose and D-glucose are enantiomers.
D-mannose and D-galactose are diastereoisomers.
D-glucose and D-mannose are epimers (at C-2).
D-glucose and D-galactose are epimers (at C-4).

mirror images
some differences

one difference
one difference

Q#1.5a When two hydroxyl groups on adjacent carbons complex with the anion periodate
(I0,), the reagent oxidatively cleaves the carbon-carbon bond between the two
carbons. Both OHs must be in the plane of the C-C bond. Will this ion cut the four
compounds above identically? Which one will be cut the most? Which the least?

Q#1.5b Assume that the first molecule above, L-glucose, has the 3D structure depicted by
the drawing; we will call this a front view. What is the shape of the backbone if you were
viewing it from the side (imagine that you are in the plane of the paper to the right or left of
the molecule: Line? Zig-zag? Circle? Spiral? Helix? @

&, :I’
&8 » H H
Q#1.5¢ Which of the above sugars is identical to: v o 0
Reminder: In zig-zag drawings, the carbon
backbone is in the plane of the paper, the O/\_/[\Hvo
substituents are above or below! @ H :
And Hs are not put in! I? S
" :
._'_\:‘\
\< OH ﬁ)“\\;@ [l

=
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Thomas M
Sticky Note
its a circle. fischer projcetion allows you to see the stereospecificity. 

Thomas M
Sticky Note
Compare mannose to glucose – one group changed – this is bc enzymes can only change one step at a time.


Thomas M
Sticky Note
Epimer – one group is different.  Where is the change?? Change at WHAT carbon? Can be at different positions. Comparing - mannose to L – glucose – just diastereoisomers


Thomas M
Sticky Note
The D and L configuration is determined by the LAST chiral carbon – disregard others. 


Thomas M
Sticky Note
diastereomers are just anything that isn't epimer or enantiomer

Thomas M
Sticky Note
periodate chops right down the middle. What is the characteristic of a carbon carbon single bond? Ans – it can rotate, and any OH’s can rotate in same plane – periodate can chop all of them up equally. When you do this backbone changes though. Chops up equally why? Bc there is free rotation around carbon-carbon bond. 

Thomas M
Sticky Note
the straight line that zigazags is in the paper. In this configuration – WRITE IN EXTRA HYDROGEN.  For 2nd carbon from left (in diagram) the OH would be in right hand, then 3rd carbon, OH is right hand. FOR EACH CARBON – oxidized ends are bottom and top and AWAY. so its D glucose


2. CARBOHYDRATES
(Monosaccharides and polysaccharides) "sugars" {Chap 9}

\2Ce2 2d4 1D5

2.1 Definition:
Small organic chain (C3 to C7) with a hydroxyl grouping on almost every carbon; usually
one of carbons is an aldehyde or a ketone. These small chains can be used as sub-units to

form polymers. @ @ { o w
oy D
<-> X--|--C---|---Y

il B

- > Any product with the general formula C (H,0),

Result: Sugars will make a lot of hydrogen bonds with water

Abundance: the most abundant biomolecules on the planet
Biochemistry of the Solar System

Role: 1- energy source @
II - structural
III - information
IV - metabolic intermediates
V - active substances@

- > involved in almost all the vital functions

Plants

Energy source: The brain requires a constant supply e . e

of glucose (a C6 sugar) and blood glucose is HZO}_' J. 50 i G
carefully maintained at about 5 mM. @ o o e
" aynthesis” “oegranaton . @ @
Q#2.1a How does the glucose concentration compare
to the concentration of 1) of H" ?
2) water?

o

Q#2.1b Assume that you need 400 g of glucose a day to stay alive.
How long will you survive using just the glucose found in your blood? @
Your blood volume is 5 1. Do this problem using ONLY the information found on this page.


http://2Ce1.wpd
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Thomas M
Sticky Note
any molecule with OH's on it - sugar. talk about a sugar. carbohydrate - talk about carbohydrates. what do we know about it? there are OHs everywhere. what do we know about OH's - htey make hydrogen bonds - so it will have structured water surrounding it - H bonding. what is property of this molecule - where does it go in the body?? this carbohydrate is very soluble. if there is charge on every carbon it would be EVEN more soluble. 

Thomas M
Sticky Note
say you have sugar in water - what does it smell like?hydrogen bonds means it soluble in water - smells are result of things leaving water - insoluble. So there will be no smell. things that dissolve have no smell. 

Thomas M
Sticky Note
structure is SECONDARY - has OH on every carbon, H on other side. what is molecular weight? use this formula.

Thomas M
Sticky Note
what about sugar as a solid? what is solid - molecules stuck together. they can make H bonds BETWEEN themselves - so they stack well giving good crystal structures. 

Thomas M
Sticky Note
fats are active substances. all of these molecules are used for everything.

Thomas M
Sticky Note
anything that has C-C bonds will burn and give energy. 

Thomas M
Sticky Note
energy is being supplied by sugar - so blood keeps CONSTANT supply of sugar for brain - around 5mM. 5 L is the amount of blood you have. 2-3mM means you're getting tired. There is plant in caribbean that prevents blood sugar - if you don't have enough sugar - glucose - in blood, you'll die. when you see someone collapse - this is the problem. 

Thomas M
Sticky Note
what's the H+ concentration? - 10^-7 M. glucose is 5mM, which is a MUCH higher concentration. so answer - there is not a H+ for every glucose molecule. there is much more glucose. 

Thomas M
Sticky Note
is there enough water in blood to coat each glucose molecule with 10 water. there is clearly more than enough  water to even DOUBLE coat glucose. 

Thomas M
Sticky Note
use only info from this page. we need molecular weight of glucose - C6,H12,O6. 180 is molecular weight - around 200. 400g/200g/mol = 2 mol/day = 2000mM/day. 2000mM/day / apprx 25 hrs/day = 80mM/hour. 


Classification:
monosaccharides - monomers
monosaccharides and disaccharides are considered as "simple sugars ".

oligosaccharides - 2to 10 un@
polysaccharides - >10 units
homopolymers = AAAA
heteropolymers = ABABAB
Nomenclature:

General name of simple sugars (mono and disaccharides): the name finishes with "ose ”.@

Functional group: (in_addition to the alcohol group)
aldehyde = > aldose ketone = >ketose @

Number of carbons in sugar: C3 = triose C4 =tetrose C5 = pentose C6 = hexose

Oligosaccharides: three units = trisaccharide, four units = tetrasaccharide, etc.

D and L :The chiral carbon which is furthest away from the oxidized end (called the @
reference carbon) is used to decide if a sugar is called D or L. If it has the same
configuration as the chiral carbon of D-glyceraldehyde the sugar is D and vice versa.

The DL nomenclature is only used for this carbon!

Specific name of sugar: In a Fischer projection, all the other carbons are compared to the
reference carbon (are they the same configuration or the opposite configuration?) and
the sugar is given a historic name based on the configurations that are observed (next

page).
HC=0 HC=0 1
| |
HO-C-H H-C-OH 2 = same = =
H-C-OH HO-C-H 3 = opposite The advantage of this system is that
| | the mirror images of a sugar
HO-C-H H-C-OH 4 = same will have the same name.
HO-C-H H-C-OH 5
| |
CH,OH CH,0H 6

L-GLUCOSE D-GLUCOSE

Monosaccharides are grouped into two families:
1) aldoses (they have an aldehyde group)  2) ketoses (they have a ketone group)


Thomas M
Sticky Note
mono and di saccharides - simple sugars. mill sugar is disaccharide - people think its like mono though. 

Thomas M
Sticky Note
so oligopolymers can be pieces of polymers. vary in size. polymers are BIG. 2 words we discuss - homo and heteropolymers

Thomas M
Sticky Note
homo - same monomer repeated 1000 times. hetero are separate monomers. 

Thomas M
Sticky Note
write everything you know about testose - what is it? nothing, just a made up sugar. but you know its a sugar bc it ends in "ose" 

Thomas M
Sticky Note
aldehydes and ketones: aldehydes smell bad, ketones smell nice. aldehydes are very reactive - have a hydrogen that can be pulled away and react. costs enzyme more energy to attack a ketone. aldehydes can get oxidized - say you put aldehyde and ketone in separate beakers and let them sit in room - aldehyde will be oxidized from oxygen in air

Thomas M
Sticky Note
so look at LAST carbon

Thomas M
Sticky Note
anytime you see same opposite same - its glucose. the beeauty is that D glucose and L glucose have same name. so transforming D to L glucose - just take the chiral centres and flip them. 

Thomas M
Sticky Note
SOS - same opposoite same - glucose 


2.2 The D-aldose family
H-C=0
HJFOH =l
HC=0 /HzC OH \ HEC:0

H=OH D-GLYCERALDEHYDE HO--H =
D semmmnnant - H—-OH H--OH
H,COH H,C OH
oo D-Erythrose s OO D-Threose o0 @
H-OH /\ HO—+H H-—+OH /\ HO—-H
H-oH H-+OH HO-FH HO—-H
D-------  H-OH H—OH H—+CH H—OH
H,C OH H,C-OH H,C OH H.,COH
D??\se D-Arabinose D-Xylose D-Lyxose
H-C-0 HC=0 H-C:O/\H-C:O H-C:OAH-C=O H-C:(;/\H-C:O
H+OH HO-+H H-loH HO-+H H-4-OH HO-IH H--OH HO-tH
H-+-OH H-+-OH HO-+H HO—H H-+OH H4+OH HO-+H HO—H

H-+OH H—-OH H-+OH H—TOH HO+H HO-—H HO—-H HO-—H
D---~ H+OH H—OH H-—+OH H—OH H—OH H—+OH H—+OH H—OH
HCOH H,COH H,COH H,COH H,COH  H,COH H,COH  H,COH

D-Allose D-altrose  D-Glucose D-Mannose D-Gulose D-ldose D-Galactose D-Talose

The vertical arrows show epimers. Sugars important in nature are in bold type. Mirror images
of these sugars will be the L-aldose family. They are rare in nature.

Sugars to know:

glucose (it is your SOS molecule, the one your body calls for emergencies; SOS also giving
the configurations as one goes down the molecule: Same (configuration at C2 as at the
D-carbon), Opposite (configuration at C3 to that at the D-carbon) Same
(configuration at C4 as the D-carbon).

mannose (epimer of D-glucose at first chiral centre, “man-nose”-> turn the nose, first OH of
SOS)

galactose (epimer of D-glucose at “last” chiral centre: last because if configuration at C5 is
changed then it would be an L-sugar; “gala-foes”-> turn the toes, the last carbon of
SOS)

Q#2.2a Without going back to previous page: What is the weight of all the glucose (5 mM)

in your blood (51)? @ @ #7: 5 H H

oy ()] (]

A
e

#Q2.2b Name this sugar L> o
Draw mannose the same way: HO™ ™ 7
Draw galactose 7o :
9

Draw L-glucose ” IEI) 8



Thomas M
Sticky Note
aldose family of sugars. glyceraldheyde - 3C sugar - its D. only has one chiral carbon atom in it. the rest of the carbon. D means last chiral carbon goes to the right. 

Thomas M
Sticky Note
don't memorize this table. in bold you have sugars that come up in biology. he wants us to know glucose, manose and galactose. why? glucose is keeping us alive - why is it D - bc all natural sugars are D. exceptions of this are VERY RARE. alot of L sugars would act like poision - vitamin C is only L sugar we'll ever run into. 

Thomas M
Sticky Note
what is mannose compared to glucose? there is one change - it is an epimer of glucose.  galactose - another epimer of glucose. what has changed? the last changeable carbon. 

Thomas M
Sticky Note
we know we have 5L of blood, what is molecular weight of glucose? 

Thomas M
Sticky Note
you need molecular weight again. blood contains 5mM*5L = 25 mmol. molecular weight of glucose is 180, ruond to 200. 25*200 = 5000mg = 5g


2.3 The D-ketose family

H,C-OH
H,C-OH §=9
g H,C OH
ol
[ % H ‘\‘OH DIHYDROXYACETONE
H,COH
D-Erythrulose
H,C-OH H,C-OH
© o)
H--OH HO—H
D--c-o> H-OH H--OH
H,C CH H,C-OH
D-Ribulose D-Xylulose
£\ ¥ H,C-OH
H,C-OH  H,C-OH  Hc.oH H,C-OH 0o
< = 0 o HO—-H
H--OH HO—H H-LOH HOH o Lon
H+OoH H4OH jolH HO—H o |
D->H-OH HTOH  y_oy H-OH H—OH
HCOH  HCOH  HcoH  H,COH H,COH
D-Psicose  D-Fructose = D-Sorbose  D-Tagatose _» D-Seduloheptulose

The ketoses are named by adding " ul " (underlined above) to the name of the corresponding
aldose. But often historical names exist...

Vertical arrows indicate epimers. Sugars important in nature are in bold type.

Sugar to know: fructose (= the "ketose form of glucose "
g g ) H,COH
Q#2.3a Name this sugar : < 16]r H—OH @
H—-OH

Q#2.3b This sugar is: freely soluble in water? quite soluble? poorly
soluble? slightly soluble? more soluble in alcohol than in water‘?@ HO—-H

Q#2.3c If you chemically reduced the C=O of glucose and fructose 9
to OH, would both give the same product? Different products‘?@ HQC -OH
Q#2.3d What differences would you expect if you used an enzyme t«

carry out the reduction described in Q#2.3c? @

2,

Ay HOIH\.<=O ,_) []\Eb
) " _OH ‘
1
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Thomas M
Sticky Note
look that evne names are similar from previous page. they end in ulose though. ulose - you know its a ketose sugar. fructose - you have to learn by heart its structure. so if you eyeball fructose - you expect it to be D - you see6 carbons, keto group is on C2. the OH is is opposite to reference, then OH after C2 ketone is same. so keto, opposite, same - therefore it is keto version of glucose. 

Thomas M
Sticky Note
flip the molecule - but you MUST spin it and not invert it. 

Thomas M
Sticky Note
which is better solvent? alcohol or water? dive into beaker and pretend you're a robot- you look at ethanol (alcohol) see CH3 - is it polar? no, so half of strucutre is not polar, not great solvent. water is completely polar, so it is better solvent. 

Thomas M
Sticky Note
L fructose

Thomas M
Sticky Note
50% of the fructose will become glucose. mes compounds - internal plane of symmetry. 

Thomas M
Sticky Note
the reduction of fructose would 100% giv ehte same product, OR 0%. WHY - because enzymes are stereospecific. it'll make it all go to the right, or all go to the left. 

Thomas M
Sticky Note
it is quite soluble - many OH groups


2.4 THE CYCLIC SHAPE OF MONOSACCHARIDES 2Ce3 3j26 244 1D3

2.4.1 Organic chemistry review

Reaction 1 Reaction 2
Aldehyde + Alcohol -> he_mi-a%ﬂ [ +alcohol > acetal |
H /é H H
(|3=O + HO-CH,-R’ <> R-(‘J-O-CHzR’ [HO-CH,-R’<-> R-(‘J-O-CHzR’
R on ocr

Ketone +  Alcohol ->  hemiketal [ +alcohol ->  ketal ]

2.4.2 THE STABLE FORM OF THE ALDOHEXOSES is an internal hemi-acetal:
THE CYCLIC HEMIACETAL FORMED WITH C5!

For sugars, this 6 atom ring is called a_pyranose ring.

Haworth projection: This drawing of the ring uses the convention that the bottom of the
ring is in front of the plan of paper while the top of the ring is behind the plan.

There are two possibilities for the hemi-acetal :-> Carbon 1 becomes chiral!

Formation of hemiacetal:

---------

o OH H-FO
N o H—OH
H H HO --H
oH H ~—  H—OH
© L H-LOH -
H OH
H—OH
H
a-D-glucopyranose Reaction B-D-glucopyranose

The carbon which becomes chiral (C-1) is called the anomeric carbon; the two isomers are
called anomers:

An o isomer (o anomer) is when the C1 hydroxyl group has the same orientation as the
reference carbon IN A FISCHER PROJECTION (for this structure, it means that the
C1 hydroxyl is on the side of the ring that is opposite to carbon 6). @ @
A B isomer (3 anomer) is when the C1 hydroxyl group has the opposite orientation of the
reference carbon IN A FISCHER PROJECTION (for this structure, it means that the
C1 hydroxyl is on the same side of the ring as carbon 6).
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Thomas M
Sticky Note
aldehydes react easily, they react unless protected. key blocking reaction is hemiacetal - take an aldehyde. you can condense one alcohol from a group containing 2 alcohols to get hemiacetal. condence both and get acetal - it is in equilibirum. 

Thomas M
Sticky Note
never think of glucose like this again, it exists in cyclic structure bc aldehyde is very reactive, and 6 C ring is most stable. this gives hemiacetal. 5C is chiral - so two forms can result. two forms are called anomers. 

Thomas M
Sticky Note
C 5 is most confusing. look at carbons one carbon at a time. . Carbon 1 - became chiral bc of this reaction. they gave them diff names - if carbon 1 goes to left - called alpha, the name of ring is called pyranose (6 chain ring) - a heteroring with an oxygen in it. 6 membered sugar ring - made through a hemiacetal, an alcohol attacks a more oxidized carbon. 

Thomas M
Sticky Note
C1 - OH goes to left, leaving different D/L configuration from reference carbon, so we call it Beta (reference D, anomeric L)

Thomas M
Sticky Note
the middle linear form is EXTREMELY RARE. there is enzyme that gobbles up linear form - inject it into blood stream, would you do it? DON"T, you'd die. the middle form is 1/20000 molecules. so if you eat that one, the equilibrium will make more of the linear form, and the enzyme will just keep eating this up until there are no ring forms left. 

Thomas M
Sticky Note
why is linear form rare? answer coudl be stability - rings must be more stable. explain in terms of mechanism though. 5C will always hit C1, how fast does this happen? the concept - if two groups react and they're on the same molecule, the concentrations are high, so the reaction is VERY favourable. if reactive groups are side by side - they WILL react with eachother. 

Thomas M
Sticky Note
why is the linear form of glucose so rare? in terms of mechanisms. intramolecular reactivity is strong. there is a reaction, and the rate is equal to concentration of aldehyde and oh, and BOTH are on the same molecule, so both concentrations are very high. so they come very close togehter all the time to react. 


NOMENCLATURE OF THE ANOMERS = as always the Fischer projection!

_________

H-b

OH i OH
°\ H-oH | -
H °H . HOtH | —— H O _OH
INoH H T H9OH {=—— NOH HA™
OH L 0 H IB
H—OH
S
H OH & sl H  OH
H
HoCOH | =— O HO-H -—
H=-OH N
Ho+H O ROTH
H—CH
H—-OH
: = ;
H—FOH A= OH
A H
a-D-glucopyranose B-D-glucopyranose

Note: Anomer designations, like sugar names, are a relative designation: they are based on the
configuration of the last chiral atom (the reference carbon).@

Q#2.4.2a For the definition of anomers most texts state (Voet pg 359): “In the o. anomer, the
OH substituent of the anomeric carbon is on the opposite side of the sugar ring from the
CH,OH group at the chiral centre that designates the D or L configuration....” This definition
will sometimes give the wrong result. Compare it to what I gave you above and identify in
which situation this textbook definition will give the wrong result!

Mathews pg 318 In 4: “In all D-monosaccharides, the -CH2OH is above the ring.” !

In solution, an equilibrium exists between the two anomers, but the reaction is slow. @

Mutarotation is the reaction which leads to the equilibrium
(at equilibrium glucose is = 1/3 a + 2/3 B).

The linear form almest does not exist (but it is the intermediate in the mutarotation reaction!)

Mutarotation will not occur (" the equilibrium will not exist ") when the OH at C-1 is blocked
or substituted (Review: this means that there is no free H on the anomeric O).. @
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Thomas M
Sticky Note
WHEN would this NOT work? 

Thomas M
Sticky Note
alpha bc it goes to right in fischer. 

Thomas M
Sticky Note
why slow? might take hours.when it finally reaches equilirbium - its not even racemic. this is not a chemical reaction. why is it not 50/50 between alpha and beta? steric hinderance is cop-out answer. one form is favoured (Beta). why? build a structure - you find one it harder to build - meaning steric hindrance. 

Thomas M
Sticky Note
what does blocked mean? - anything else is there... if you replace OH with methyl group or Cl etc, means the OH cannot be protonotated and rxn cannot go in reverse - important for DNA. so no equilibrium. so the day you have enzyme that methylates OH, then you trap alpha glucose, and there is no more equilibrium


Q#2.4.2b The crystalline form of glucose is a-D-glucopyranose. Since it is prepared from a
solution that contains both anomers, why is the crystalline form of glucose a-D-glucopyranose
and not a mixture of the two anomers? @

Q#2.4.2¢c Suppose you wanted to prepare crystalline B-D-glucopyranose. What would you
propose?

Q#2.4.2d What is the biggest atom that you could fit inside a pyranose ring: H, Li, Na, K, Rb,

Cs, Fr? @

Conformations of the pyranoses (Review: saturated 6 member ring, e.g., cyclohexane)

Which conformation will occur in solution? Depends on the substituents! @

243 The STABLE FORM of ALDOPENTOSES and the biological form of
CETOHEXOSES is A FIVE ATOM ring

This ring is called a furanose.

The conventions used for the pyranoses are also used for the furanoses (Haworth projection,
anomeric carbon, anomers).

| =)
H-+OH

:
HO-¢H,, on - P e 9
2O T # ~ 3 HO-tH 5
= 4 H-OH -—
5 H-—tOH---
6 H-OH
B
B-D-Fructofuranose  D-Fructose a-D-Fructofuranose
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Thomas M
Sticky Note
what's a crystal? they arrange in space well. crystalline form comes from the solution, the solution has both anomers in it. so why not a mixture of both anomers in crystal form? think - why do things crystallize? so we'll make salt - take sea water with sunshine on it, you get crystals. apply this to our problem: we're trying to prepare glucose, we have to somehow concentrate and crystallize it... remember enzymes. why do things crystallize - bc water cannot contain compound anymre (saturated), so it precipitates. so we get just alpha. why? alpha is unhappy first - so as soon as alpha precipitates, beta converts to alpha (through equilirbium), then precipiteates more. why alpha first? it is more stable in water - steric hindrance. the one that is tougher to built (in models) is going to be less sstable. 

Thomas M
Sticky Note
Carbon ruler - use it. once you do that, find out nothing will fit in there. there is no room. carbon carbon bond is 0.15nm, it will fill that inside completely. 

Thomas M
Sticky Note
every one of sugars has this possibility. hayworth projections - its never a flat 6 membered ring. how do we predict where OHs go in ring. must build it. 

Thomas M
Sticky Note
which one is easier to build! more stable

Thomas M
Sticky Note
the attack is over a shorter section, so you get 5 ring with OHs. furanose ring - hemiketal. glucose is hemiacetal. there is a ketone group where one of 2 OHs, there's an alcohol there. that's definitoin ofhemiketal. 

Thomas M
Sticky Note
can we see if D molecule at carbon 5? where's the oxidized end? must review. cop out way - count how many bonds go to oxygen. C2 is more oxidized that hydroxyl. 

Thomas M
Sticky Note
how do we figure out if alpha or beta? is it same as reference carbon or opposite. bring out

Thomas M
Sticky Note
OH goes to left in fischer projection. this is wy beta. in alpha this OH goes to right. 


———————

i
H-—+0
HO-cH.  oH P H—OH
> —_» HO-H
p ¢ HA <—  H—oH
p OH OH H=HEH

H Fig:Rib:

B-D-Ribose D-Ribose @ a-D-Ribose

Q#2.4. What is the mistake on the middle structure shown above? @
Think RNA and DNA! Go to Aldose family page...

Conformations of the furanoses: The envelope structure of a saturated 5 atom ring
(Review cyclopentane) @

Q Q u”"’ °”@

Q#2.4.3a Question that summarizes everything to this point: At equilibrium, glucose and@
fructose solutions contain both the furanose forms and the pyranose forms. Draw the five
compounds that exist in each of these solutions. If you saw one of these cycles inverted or@
upside down, would you recognise it? Practise converting all of them to the linear form...

If you were asked why fructopyranose has a ring carbon with just two hydrogens and no free
OH, could you explain?

Q#2.4.3b Free fructose (the sweet taste of honey) is mainly -D-pyranose yet the fructose
found in most biological compounds is ONLY the furanose form (illustrated above and in
most textbooks). Explain. @
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Thomas M
Sticky Note
what is D-ribose? you should first notice its an aldose. you see its a D - but you see 5 carbons. all the other sugars we've looked at are 6C. so its smaller sugar. only problem is since its only 5C, so it gives 5 membered ring - furanose ring - ring with 5 atoms, one of which is an oxygen. 

Thomas M
Sticky Note
what is mistake in the middle structure?? if you look at the third carbon from the top goes to the left (the OH goes to the left*), whereas in teh ring form, that carbon's OH goes to the right. so stereochemistry on C3 is wrong. 

Thomas M
Sticky Note
envelope structure - 4 atoms in plane, and only ONE of those atoms sticks out from plane. which one is it? you must build it. which corner bends the easiest. 

Thomas M
Sticky Note
what?? blood doesn't contain 3 versions of glucose, it contains 5 : alpha and beta pyranose, and ALSO 2 forms of alhpa and beta furanose forms. along with linear form. 

Thomas M
Sticky Note
when you draw one of them, you see pyuranose with 2 hydrogens with it. why does the carbon only have 2 hydrogens on it?

Thomas M
Sticky Note
this is the way fructose is found in body - in 5 membered ring. if you take free fructose and put it in water it becomes SIX membered ring. answer - stable form is 6 memebred ring, abundant form in body iis 5 membered form. why doesn't 5C ring turn into 6 C ring in body? BLOCKING - hwne you block anomeric group, you can't go back. turns out fructose in body - always has anomeric group blocked. why is it 5C ring in first place? ans: enzymes - they like working with 5 memebred ring. so they do something with it an BLOCK it.

Thomas M
Sticky Note
ribose exists as furanose in polysaccharides, but a PYRANOSE form in solution


2.5 PROPERTIES OF MONOSACCHARIDES

-Color: Q# 2.5a What is the color of a solution of D-mannose? L-mannose? @
OB g @ @ -

-Density: Q#2.5b You are looking at a box that measures 0.25 m x 0.41 m x 0.1 m that is full
of a sugar.
Can you pick it up or will you destroy your back? @

-Solubility: Very soluble (but not charged) They form hydrogen bonds.
-Can be crystallized @

e

-Optical activity Q#2.5¢ Which sugars will not have optical activity? Consider the products

of Q#2.3c¢! @)

2.6 CHEMISTRY

-Taste: Sweet taste for most @ @

2.6.1 Mild oxidation a) chemical : Fehling’s test (= a classification system for sugars) @

A positive test (one sees the red color

0.0
H-+O o .
. H-on HoH of cuprous oxide)means that the sugar

H O + +

S g D A has a free aldehyde or ketone.

OH e - . .
© CH H-FOH H-1OH Such sugars are called reducing

HoooA H-tOH H—FOH sugars

H 5 g e

Glucose

> Gluconic acid (note that it has a charge@
Nomenclature: any aldose with an oxidized C1 becomes an aldonic acid,

€.g., mannose -> mannonic acid.

Mild oxidation b) enzymatic : Glucose oxidase
(current method used to identify and measure glucose)

= (@)

=]

OH 0, o The product is a lactone
i o 5 Wy g =0 +Ho and has no charge.
oH H o]
Ol OH  Glucose oxidase H OH
H OH

Reminders: a lactone is just a cyclic ester.
Ester = acid + alcohol

D-glucono-lactone
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Thomas M
Sticky Note
what colour do they have as a solution?? there is important table available in organix chem. we must lok at what wavelenght they absorb at. the more rings, the mmore wavelength they absorb. what is visible light?? 400 nm is blue. add red - red is 300, add to get 700 whic his green. so what do you need to get visible colour?? anything below 400 is not visible. you need a bunch of resonance, this gives visible colour. so more resonance bonds creates more wavlength absorption. remember how colour works. if bblue is subtracted out, you get colour that's left with left out blue. there are only 2 - blue and red - you leave out blue you get red. if you see anything absorbing something at a certainwavelength, visible colour will be the opposite. d orbital elements are all highly coloured  - middle of periodic table all have colours, why? electrons bouncing around through d orbitals. 

Thomas M
Sticky Note
so say you have a pure enzyme - what colour is it?? what's an enxyme made up of? amino acids, do they resonate - no. so enzyme will be colourless. 

Thomas M
Sticky Note
iodose sugar - its yellow, why? its obviously got contaminated. it should be colourless. sugars are colourless. the iodose was clearly oxidized. 

Thomas M
Sticky Note
if you just buy an enzyme and its red - SOME enzymes have colour. hemoglobin is coloured - they are coloured when they use metal as a cofactor. a lot of enzymes use a heme group - iron - so they'll be coloured. so read label of enzme first to see if should be coloured. 

Thomas M
Sticky Note
enzymes are hard to get. if you get enzyme and its brown, why? they use cow liver for purification. what colour is liver? very dark red bc of blood. blood has high colour coefficient, so they can never get all blood out of enzyme. so it'll be a little bit brown/yellow. 

Thomas M
Sticky Note
say you have sugra and you cook it - you get brown coloured (caramel), there is change in structure - so there is some kind of resonance, and its quite extensive. small amounts of reosnance don't create a lot of colour - 2 benzenes together don't even create colour. so you get extensive resonance, how? you have sugars - each carbon has an H2O on it, so if you remove that (by cooking) you get double bond, if you create a bunch of double bonds in the structure they polymerize, so you get a chain of resonance. 

Thomas M
Sticky Note
mannose has aldehyde group - aldehydes are stinky, so mannose is stinky (orrather they should be). what do these things do?> there are H bonds and OHs, so sugars don't vaporise in water, because water holds them in. no smell. 

Thomas M
Sticky Note
on a test he'll ask what it weighs. how do we do this? round the numbers off. can we pick it up?? these dimensions actually makes up a regular bag of sugarat the grocery store - becomes a 10kilo bag. if we just assume a density of 1. we know densityu of water and murcery. organic compounds have LOW  densities. even rocks don't have high densities, organic compounds are thus a little over 1 (next to water).

Thomas M
Sticky Note
sugars will be HIGHLY soluble - bc of H bonds. crystallization - most sugars give very nice crystals. MOST sugars, some just won't fit together well and thus won't crystalize. 

Thomas M
Sticky Note
sucrose is sweetest. relative sweetness - how measure? they just taste it. there is no real measure for sweetness out there. 

Thomas M
Sticky Note
why are some less sweet? ans - they have diff structures. saccharin - very sweet but not  sugar. saccharin is a benzene ring. aspartame is peptide. monellin is VERY sweet and is oligopeptide. enzymes on our tongue determine sweetness. different structures of SUGARs can fit into the enzyumes, but HOW do peptide structures fitinto enzyme. same problem in penicillin - how does it work if active site doesn't resemble structure. issue is we don't need all the little R groups to fit in, its jjust a CERTAIN part of the molecule that has to fit. anotanother explanation - you have can have two molecules that don't resemele eachother but can work on same enzyme. this is bc there are MORE THAN ONE RECEPTOR. 

Thomas M
Sticky Note
most sugars have activity. what sugars don't? racemic mix - obvs. one molecule cancels out other molecule so not oticla acivity. meso compounds - one side of molecule was mirror image of other side. so for manotol, the two sides of the molecules knock eachother out. 

Thomas M
Sticky Note
mild oxidation of glucose - Fehlings test. sugars are easy to oxidize, so you can use Cuprate ion (easy oxidizer). can oxidize glucose to aldehyde, then one more oxidize stepgives you acid. 

Thomas M
Sticky Note
conic on end of word - its the oxidized form. manonic acid - just draw mannose and oxidise the ends. 

Thomas M
Sticky Note
did the copper work on cyclic or linear? LINEAR, began oxidizing is, then more was made, so more was oxidized. 

Thomas M
Sticky Note
problem with fehlings test -  if youmeasure someone's blood -glucose level. there are other sugars in the blood, and test can pick it up. people can have high levels of fructose. they think some people are diabetic, but they just have high levels of fructose combined with glucose that the machine is reading. 

Thomas M
Sticky Note
glucose oxidase on strip, oxidizes glucose to make colour, they can do this to measure glucose in urine. it is modern day test of fehlings test. 

Thomas M
Sticky Note
who is oxidized more? this guy, or guy up top? they both have carboxyls, both in SAME oxidation state, but they take diff states. a lactone is an internal ester. so in one case you get just lactone, other case you get opened up lactone, why? we have an enzyme which grabbed the cyclic form ,the fehlings test grabs the linear product. 

Thomas M
Sticky Note
fehlings test - used all the time in pharma and food companies test. the real life test is harder - takes up ketoses too. fehlings test - uses fre aldehydes AND ketones. 

Thomas M
Sticky Note
reducing sugar - does it give positive reactionn in fehlings test. in terms of strucutre it means it has free aldehyde or ketone group. NOT blocked. 


Q#2.6.1a Is carbon 1 more oxidised in gluconic acid or in glucono-lactone? @

Q#2.6.1b What type of reaction is needed to convert glucono-lactone to gluconic acid?
Oxidation? Reduction?

Q#2.6.1c To identify glucose in blood, what is the advantage of the glucose oxidase test
compared to the Fehling test@

2.6.2 The oxidation of the primary alcohol group (found on carbon 6): An important

oxidation in biology: @
OH X v D OH This oxidation gives glucuronic acid
H H \ / H O H
= H
oH H H
] oH Enzyme 0 0 @
H  OH H o

Nomenclature: any aldose with an oxidized C6 becomes an alduronic acid,
€.g., mannose -> mannuronic acid.

Q#2.6.2a Give the properties of X and Y. Remember: nothing is magic.... @
Q#2.6.2b Liver attaches glucuronic acid (with a glycoside bond) to waste compounds that

contain a lot of hydrogens (“Yellow” babies happen when this reaction does not occur). What
would this accomplish? What is the advantage of usinucuronate compared to glucose? @ @

=

2.6.3 Reduction CH,OH general reaction:
[“H,"] C-OH
D-glucose ---> HO-C @ [“H,"]
C-OH Aldose ---> aldit_ol@
C-OH
CH,OH

D-sorbitol @

Note: alditols will exist only in linear form.

=

Q#2.6.3 You carry our a chemical reduction of fructose.
Result: All the product will be D-sorbitol? Half will be
D-sorbitol and half L-sorbitol? None will be D-sorbitol?

Half will be D-sorbitol? @ @
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Thomas M
Sticky Note
what is next most labile carbon on glucose (after aldehyde  - most labile). thnk primary seconday etc. C6 is more labile than other OHs, important reaction in body is converting that hydroxyl two steps higher, with first step being OH going to aldehye , next step - carboxyl. so enzyme can do BOTH reactions in one chop. what does this do to glucose? what's wrong with this drawing? it has a charge - we've produced charged sugar that will be even more soluble. in body this will be COO-, COOH will only exist in acid pH. we are interested in life pH. so we've created charged molecule - importnat reaction in liver. C6 is oxidized, glucaronic acid - glucose with C6 oxidizes to level of an acid

Thomas M
Sticky Note
reaction done by enzyme - what are properties X and Y. this process is oxidatoin, enzyme cannot CONTRIBUTE anything. its oxidation - X must be something to pick up electron pairs. every oxidation has to be accompanied by reduction. Y is reduced form of X. this is called coenzyme. where does enzyme get its oxidizing power? it grabs a coenzyme!!

Thomas M
Sticky Note
we know its hydrophbic, when hemogloobin breaks down, it turns into bilruben, makes it soluble and then gets excreted. sometimes babies are born and get jaundice. a few days later it clears. for these babies, this enzyme must add gluronic acid, it is absent in jaundice baby. 

Thomas M
Sticky Note
people shine light on the babies - what colour? what colour absorbs yellow? BLUE. speeds up clearance. how strong is visble light?? can you get reactions to happen in visible light?? UV is high energy, visible is noramlly too weak to do anything. 

Thomas M
Sticky Note
What does this accomplish? it makes that "lot of hydrogens" more soluble so they can be excreted. glucuronic acid has a charge - charges are more soluble than Polar groups. the BEST thing is charge. 

Thomas M
Sticky Note
COOH - carboxylate - really just means that there is a negative charge - COO-, it has such a low pH that it actually becomes charged. 

Thomas M
Sticky Note
reduction - reduce aldehyde and get sorbitol. which is just reduced glucose. its in a lot of things. to make things more soluble, they use it to give properties to pastes. hundreds of punds of this stuff is made of urea. this process happens in any sugar. 

Thomas M
Sticky Note
aldose that gets reduced is called alditol. 
mannose, reduce carbon 1. 

Thomas M
Sticky Note
testitol -  whill it give pyranose or furanose?? alditose will only exist in linear form!!, there is no aldehyde or ketone group to cyclise - so its IMPOSSIBLE for alditols to make cycles. obviously enzymes can do anything, so they could in fact cyclize this. BUT ring system in general won't create from alditols (or any oxidized form of sugar)

Thomas M
Sticky Note
what wlil this do?? 

Thomas M
Sticky Note
making bonds requires ENERGY. 

Thomas M
Sticky Note
fructose = ketose, opposite same. in chemicla reduction, the keto group can either reduce to give structure on LEFT, or it can go in other direction. manitol is right side reaction. one enzyme can give 100% sorbitol, and another enzyme can give 100% manitol, enzymes are SPECIFIC. 

Thomas M
Sticky Note
BOTH the same! just draw linear form and you'll see..

Thomas M
Sticky Note
neither - lactose is an ester so hydrolysis will open it up. 

Thomas M
Sticky Note
fehlings test picks up all aldehydes and ketones, whereas glucose oxidase is specific to glucose. 

Thomas M
Sticky Note
half will be D-sorbitol


An enzyme carries out the same reduction. Result?

2.6.4 BIOLOGY: Esterification of the alcohol functions is a key reaction for the handling
of sugars.

o o
Alcohol + acid - > esters _p
@ °"%
0 OH
o
HO  OH
Ribose + "phosphoric ----> ribose-5-phosphate
acid" @ @
Other derivatives of biological importance:
HO-CH, , ©oH
deoxysugars = a hydroxyl group is replaced by a hydrogen. H H
= the carbon is reduced H

H H 5

B-D-2-deoxyribose
amino sugars, sulfo sugars, etc... @

Q#2.6.4a What question would you ask the person who asked you to draw

glucosamine (amino-glucose)? @

Q#2.6.4b Use the words and the 4 sugars that you are supposed to know to
unambiguously describe the structure on the right.
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Thomas M
Sticky Note
most common esters in body is DNA and RNA, and phosphoribose - makes ribose more soluble. phoshporylkated compounds - what is special about them? the first thing that happens to sugar when it enters cel is that it gets phosphorylated - it keeps it inside!! so when you see compound that readily gets phosphorylated and moves in betwee  cell, you should realize that phosph will keep it IN cell. 

Thomas M
Sticky Note
what have done to ribose to get deoxyribose. 

Thomas M
Sticky Note
getting from ribose to deoxyrobise is reduction. can you inhibit production of DNA for new cells (in cancer?). 

Thomas M
Sticky Note
here carbon 2 is DEOXY, this is how you describe deoxys. 2 deoxyglucose is when you take glucose and remove oxygen from carbon2. 

Thomas M
Sticky Note
what are amino sugars - amino means positive charge - it is more soluble than the paired sugar. sulfate pair - sulfo sugars exist. so draw aminoglucose, can you do it?? how many places on glucose can you put amino group? SIX spots. most of the time, aminos are placed on carbon 2 of sugars. life is specific like this. an enzyme will usually put amino acid on carbon 2. 

Thomas M
Sticky Note
describe the molecule in the words you learn in this class - make it so that ANYONE can draw it from description. s

Thomas M
Sticky Note
so for this molecule - say 2-deoxy

Thomas M
Sticky Note
there are nine carbons, where is oxidized end - there is carboxyl upper left side - its a KETONE. so ketose sugar. what kind of ring? 6 membered - pyranose. what is the anomer - if its same as reference, its an alpha. then go describe it carbon by carbon. C5-C8 are all the structures of mannose. 

Thomas M
Sticky Note
"what carbon is the amine on?".. usually amines are on carbon 2. 


2.7 BOND BETWEEN SUGARS:

The most common bond is between the alcohol of one sugar and the free alcohol of the
hemiacetal (or hemiketal) of the other sugar (this gives an acetal or a ketal, 2.4.1):

This bond is called a glycosidic bond.
Q# 2.7a What kind of reaction made this bond? Will this reaction produce a lot of energy? @
o-1,4 Bond

| OH OH
Example: The disaccharide, maltose is @ 7 o H
two molecules of glucose H i ¢ oM @
linked by a a-glycosidic bond ol 0 H iy
H OH T H OH

between C-1 and C-4

=]

B-1,4 Bond Example: Lactose

OH
lactose is a galactose 2l OH & ’ o H
: o]
llr}ked to a glucose o ! H { OLH HO i o o0 \oy 1
with a -1,4 bond ) HH OHH TR | I @
B o H OH
a-1,-2 Bond Example: Sucrose is a bond between the C-1 of glucose and C-2 of
fructose @
Sucrose is normal table sugar (a plant sugar)
. . H.c-OH
It is the the a-anomer of glucose linked Hl— o @
_OH & H
to the B-anomer of fructose. H,C HO, Siii M
H OH CHy o H g -
There is no free anomeric carbon OH M0 HO .
. . ] CH HO‘CH
- > a negative Fehling test — B Of 20 B
- > sucrose is not a reducing sugar. | H “H @
= H.
OH oOH OH

Q#2.7b Did you spot the error on the structure on the right?

Glycoside: When the glycosidic bond links a sugar with a compound that is not a sugar, the
resulting product is called a glycoside.
2.8 POLYSACCHARIDES “carbohydrates” “sugar polymers” @ \2Ced 2d4 1D3

2.8)_Polysaccharides used as energy stores : starch (plants) and glycogen (animals)
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Thomas M
Sticky Note
was a hemiacetal when it started, then the OH on carbon replaced the hemiacetal. in terms of chem - this compound is ACETAL. the acetal can happen with nboth anomers. will the beta anomer be used? if enzyme uses alpha it won't use beta, so NO it won't be used. 

Thomas M
Sticky Note
energy RESULTS from breaking of the bond. 

Thomas M
Sticky Note
carbon alpha joins sugar on right. SOS - two molecules of glucose, so we have disaccaride called maltose. normaally you put reducing sugar on left, and free end on right. so say you work at beer plant, you check everything, there are two tanks of maltose, one of the tests you do you get positive fehiling reaction for maltose. maltose will certainly reduce fehlings. so its bad sample. 

Thomas M
Sticky Note
how sugars are bound gives them their name. alpha maltose results from two glucoses bound. with lactose - milk sugar. this bottom compound is lactose. what is milk sugar?? the one on the left is same opposite opposite, so its galactose. its a beta bond - what is it bound to? glucose (same opposite same). 

Thomas M
Sticky Note
if on test he asked us to draw alpha lactose. it has to be BETA for us to call it lactose. we have alpha lactose when we eat ice cream - its about 1/3 alpha lactose. the alpha lactose can crystallize out. so all these sdisacharaides will exist as beta and alpha (for ONLY THE SECOND SUGAR). 

Thomas M
Sticky Note
sucrose is made by plants - what is white sugar - how do they make it so pure and cheap?? 

Thomas M
Sticky Note
what is sucrose?? its an aldose - D formation. SOS, its glucose again. what about sugar on right?? look at bond - its a ketose sugar. the other end you have to see if D or L. its D. its opposite same - so its fructose. so say you have a truckload of this stuff and you need to test to see if it will reduce fehlings? the aldehyde of glucose is blocked by fructose - so there is no free aldehyde or keto group. so it will NOT reduce fehlings solution. 

Thomas M
Sticky Note
bound to fructose - for test - look for mistakes in chirality. 

Thomas M
Sticky Note
sometimes you get glycosidic bond that bings sugar to a non-sugar. alpha and beta forms - what happens when you block it? anything that blocks anomeric group will prevent equilibrium, glycosides are sugars bound anomerically to SOMETHING ELSE. 

Thomas M
Sticky Note
aminoglycosides - what types of diseases would amino glycisides be good for - it is soluble, amino means itll have a charge. GI infections - hard to get drug there, aminoglycicides are easy to get there bc they are highly soluble. 

Thomas M
Sticky Note
the removal of water made this bond (aka dehydration), and it will COST a lot of energy to make this bond. 


2.8.1) STARCH (a store of energy in plants)
is a mixture of amylose (15-20%) and amylopectin (80-85‘:&/

=

Amylose:

OH OH OH CH
a linear chain H Qin i o n )H%;O H OH O n
. H H H
of glucose units \o& ﬂ}o OH ﬂ}o OH ﬁ}kOKOH Ho
linked with a-1,4 bonds H OH h oH H OH H OH
for 100 to 1000 residues

a helix with six residues per turn ------------- >
(looked at from above)

;& @g G j:
‘\ oH "EH o
'5 ¢ D N H u I"HZH\U ER H )@

a helix that is left handed: o ’E ?k
(Looked at from the side) ------------- > \& .j g ;. Wb )é»

Left handed Right handed

Handedness of a helix
One way to tell handedness is to imagine the helix as a staircase: % g
Does the staircase turn right or left? @

In the chem or pharmaceutical lab: In the starch test for iodine: iodine inserts into the helix
and this gives the blue color.

Q#2.8.1 What is the mirror image of a right handed helix? (You could look at this page in the
mirror)

Amylopectin (the branched form of starch):
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Thomas M
Sticky Note
major storage form in plants - starch, comes in two flavours - comes in amylose and amylopectin. amylose - basic polymer is below. describe it - its a sugar, find reference carbon - Same opposite same. its called a homopolymer - same subunit going on forever.whats the bond?? position 4 - figure out anomer - the anomer is going down, so its alpha 1-4 bond. 

Thomas M
Sticky Note
wraps up as a helix. you can easily tell if right handed or left handed helix. are the two superimposable?? if you turn aright handed helix upside down its STILL right handed, so they are not superimposable, meaning they WILL TURN POLARIZED LIGHT. 

Thomas M
Sticky Note
if the mirror images are not superimposable, they turn polarized light. 

Thomas M
Sticky Note
then must ask - how FAT is helix, there is 6 glucoses per turn. helix is normally left handed. big deal. if you give left handed glucose having tihs structure - then asks built RIGHT handed helix of it.... what do you do? you put it in mirror to see, so the reason you get right handed helix, is the underlying chirality. 

Thomas M
Sticky Note
left handed gves you D formation,   right handed helix gives you L formation


Chains of glucose o o @ @
(a-1,4 bonds) e on
with branching (a-1,6 bonds) ™ oKon 8w

: H OH OH
at every 24-30 residues. g w5 H Ho—on
o oH H OoH H OH H o OH H

Size varies from 300 to 10,000 residues

- > insoluble.... @

Starch is stored as starch granules (~ 1 um) in plant cells.

2.8.2 GLYCOGEN: An energy store in animals (liver and muscle) and in bacteria.
Sometimes called animal starch.

Chains of glucose

(a-1,4 bonds)

with branching(a-1,6 bonds) oH
at every 8-12 residues. ~ Ko H

H OH
The structure is therefore more compact \OHKéH :>LH
. o]
than that of amylopectin. H

Up to 600,000 residues of glucose per molecule!
Stored in the cytoplasm in 0.1 um granules.

Q#2.8.2a The Merck Index states that glycogen “does not reduce Fehling’s solution.” Explain
why it does not. @

Q#2.8.2b Glycogen has more residues than starch. Why are glycogen granules smaller than
starch granules? Would you expect to see glycogen granules in an electron micrograph
of your liver cell? Why? Why not? @ @

Q#2.8.2c What is the advantage of storing glucose as glycogen? Why not just store free
glucose in your liver?

Q#2.8.2d In grouse like birds, glycogen is 0.4% of the flight muscle. Glucose use during panic flight is 100
micromoles/min/g muscle. How long can a game bird fly before it has to land due to lack of glucose?

=

2.9) STRUCTURAL POLYSACCHARIDES : cellulose and chitin
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Thomas M
Sticky Note
amylopectin - oxidized end, look for reference, its glucose again. except - we've got branches - branches are glycosidic bonds, starts a carbon1, but instead goes to carbon 6 instead of 4. so it doesn't give helix. 

Thomas M
Sticky Note
starch is hard to get into solution, why isn't it soluble?? its polar (has a shitload of polar groups). coat the whole table with OHs, so will the table dissolve? the molecule is too big, to big means too dense, so it won't float.  

Thomas M
Sticky Note
enzyme approaching starch molecule - if yo have enzyme that cuts these bonds, will it operate if this is in water. water won't stick to it (not soluble) and enzymes need water to work, so it won't get it. but in this case, starch has OUTER polar layers, so enzyme can reach it, bc only INSIDE is not soluble. 

Thomas M
Sticky Note
why do plants make starch? why would plant make glucose into long chains like this?? does it cost energy? Yes, of course. every bond costs. so why does plant bother?? it is way to store energy, but why not store it in free glucose molecules. we want to keep plant alive. what happens to 10000 residues if they were free? there would be great osmotic pressure and then blow it up, so strage forms cut the osmotic pressure, only ONE contrbutor for osmotic pressure. 

Thomas M
Sticky Note
in liver - increasing amount of stored energy - look at structure. its the same one as branched form of starch - alpha 1-6 bonds. this is in liver - you need to chop bonds to get glucose, you have two different bonds, so you need to enzymes. problems due to enzymes can create issues in body. 

Thomas M
Sticky Note
glycogen more compact than amylopectin. amylopectin - branch every 20 to 30 resiue.

Thomas M
Sticky Note
ribosomes are represented as black dots - shouldn't be found inliver. 

Thomas M
Sticky Note
fehlings solution means there are two OHs, either as free aldehyde or free ketone. this thing obviously has free ketone on end. so Merck is right. imagine a pool full of fehlings solution, you throw in table with aldehyde on end, you will NNOT see change in colour. sensitivity. every instrument has sensitivity, if you put value too small or too large, it might not give accurate reading. any tool you use, think fly and elephant, you don't want to calculate with values out of range of instrument. so cannot pick up one aldehyde from a LARGE molecule. 

Thomas M
Sticky Note
starch granules - they are pretty big and easy to see. glycogen molecules - just a dot. starch granules in blood cells. starch has less residues, but give bigger granules, why?? theremust be a lot of starch molecules in ONE granule. what is advantage of storing glucose and glycogen?? every bond between glucos eand glucose you need a lot of ATP, why does liver bother doing this?? the osmotic pressure again. same thing happens. 

Thomas M
Sticky Note
bird needs a 100mM/min, so the bird is only able to fly for about 1/5 of a minute. calculation in appendix. 


2.9.1 CELLULOSE: constitutes the cell walls of plants.
It is a half of the carbon in the biosphere.
but vertebrates cannot digest cellulose!

It is a linear chain of glucose units H
(like amylose); o H
but the bonds are p-1,4

one glucose residue is rotated compared to the next,
this puts the two rings in the “same” plane

One can consider cellulose as a < > < >r°@ ( >(
polymer of glucose dimers.

Hydrogen bonds between the chains consolidate the structure.

- > this gives long straight chains:

Cellulose is insoluble in water. @

Q# 2.9.1 Under optimal conditions, bamboo can grow at a rate of 0.3m per day. The stems are cellulose fibers.
How many sugar per second are added to each fibre at this growth rate? You could estimate the length of one
residue by drawing it and using your C-C bond reference to estimate the length but to save you time I will give
you the value given in the book : 0.45 nm is the length of a glucose residue. (which you will immediately round
off to 0.5 nm so that you can do the calculation without using a calculator...) @ @

=]

2.9.2 CHITIN: structure of the shells of invertebrates

(the exoskeleton of insects and shellfish). on P
: oH | o0 @
. . : H
A linear N-acetyl-glucosamine polymer : L H 00 N 1 |
the amine is at C-2, Ner_f H HN.cCHy.
the bond is (B-1,4) ol o
g c-CH, |
o |


Thomas M
Sticky Note
its essentially wood - its the wall of plant cells. what is structure of cellulose?? just take one subunit and realize that its two glucoses stuck together. in lactose remember - don't draw bond like that, on the right is more realistic. what happens in real life - we have conformation change - one glucose rotates compared to other glucose. 

Thomas M
Sticky Note
there is rotation - so you end up with conformer - cellulose is made up of a dimer - two glucoses repeated forever and ever.

Thomas M
Sticky Note
what's the anomeric bond? its beta. what is wood? you can't digest it, there is a lot of energy in there, in simple form. the fibres are joined together by complicated structures. cellulose is just glucose-glucose-glucose....

Thomas M
Sticky Note
we can't digest it bc its Beta bond, we can digest starch - which is glucose bonds but in ALPHA, but put in a beta and you can't digest it - its cellulose. very few organisms can digest clelulose. which organism CAN? ans - fungi. termites can also digest it. ANY normal biomolecule - there is SOMETHING that can digest it. 

Thomas M
Sticky Note
mushrooms have an enzyme that can break a beta glyco bond. 

Thomas M
Sticky Note
why is it insoluble? its TOO big. just like glycogen - too many in chains.

Thomas M
Sticky Note
how fast does an enzyme work? 5? 50 residues a minute?? we learn from this question. 

Thomas M
Sticky Note
you need the length of a glucose unit to determine speed of enzyme. you can do this by using carbon-carbon ruler. length of glucose unit is 0.45nm. can round to 0.5 - then just divide growth rate by this number. 

Thomas M
Sticky Note
answer - 28400 seconds a day, 0.3m a day equals 300,000,000 nm/day. use this and get answer 7700residues/s. 

Thomas M
Sticky Note
so you have to open up helix - which costs energy. its takes time. nothing is magic. 
the ribosome - big fancy enzyme - what does it do? it checks 20 different amino acids to make sure its got the right one - thats information proccessing, and that costs energy, and it will be slow. enzymes that make DNA, protein, RNA work 10 times slower than the result to this question. same thing for enzymes that need to pull two things apart. takes time and energy. 

Thomas M
Sticky Note
this is aldose sugar - Same-opposite-same. its glucose again! it has an amino group, does it have a positive charge? NO, its an amide, it has an acetyl on it, no charge. the anomer is beta - and we don't have beta enzyme in our bodies to cut it. we have enzymes that can cut ALPHA. 


2.10.1 COMPLEX CHO POLYMERS: Mucopolysaccharides (Glycosaminoglycans)
fo rm extracellular matrices.

N W A _
Ll Fi. CH:0H H B #477 oH
@ M%%them H—|—CHzOH { gHFoH HOCH-AOH g HHCHO @
by polymerzing dis ap@%s CHO CHO CH0H
D = g, B
50 - 20,00(5’ units are linked together.
Commonly used disaccharides: Hyaluronic acid @ Dermatan
glucuronic acid linked to @
N-acetyl-glucosamine
or N-acetyl-galactosamine.
Slimy, mucus like consistency @ @
because they are long and Chondroitin-4-sulfate Heparin
associated with a lot of water. @

Do not memorize these four specific names and structures: However can you describe them
with words you have learned up to this point (see question Q#2.6.4b)? Could you
draw them if you were given that type of description?

2.10.2 COMPLEX POLYMERS ATTACHED TO PROTEINS: proteoglycans (or
mucoproteins)

Mucopolysaccharides (previous section) are usually attached to proteins giving
proteoglycans or mucoproteins. They are used for lubrication, for the damping of
shocks and to make complex structures. Polysaccharide constitutes the bulk of these
molecules.

Glycoproteins are proteins which contain a “small” amount of sugar. These molecules
@ contain mostly protein. [Glycolipid: a lipid that contains sugars.] @

Example: Type O /;O Type A QO Type B \_)
The ABO blood group antigens \—) o

o}

G\NA
O
Y G\NA /G
GalAg—R2 o ? Gal
~—Q o o fosal GINA NHCZOCH,
Gal Gallac NHCOCH,
o CH,

MHCOCH,
NHCO

R on the figure is /\iO)T /\i’j f

either a protein or a lipid.
Gal = galactose Sia = sialic Fuc = fucose (a deoxy sugar)

CONCLUDING REMARK FOR CARBOHYDRATE SECTION: @
Note that polysaccharides have sizes that are not well defined.
The other biological polymers (nucleic acids and proteins) have exact lengths!
Appendix I: Answers to sugar questions 2Ce3 243 1D3

Q#1.2a | . ® -
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Thomas M
Sticky Note
these are called mucopolysacharides - its from mucous. what is characteristic of these things - we have polymers like this in our saliva. sugar is viscous - bc it has lots of OH groups that make it soluble, so it globules with water. 

Thomas M
Sticky Note
they make dimers - the first sugar is SOS, annother glucose derivative. second one - has carboxyl - so its glucaronic acid. so its glucaronic acid hooked to glucose - it has beta bond. 

Thomas M
Sticky Note
dermatan - there has been flip - SOO, AND there is sulphate which gives it negative charge. look at second sugar - has carboxyl on it. so every residue has negative charge. what does this do? negative charges will make it straighten it out - makes it more viscous (bc also coated with water). 

Thomas M
Sticky Note
dermatan - its an L sugar. SOS - its glucose. so how is it made??it takes glucose and does an enantiomerization at the chiral carbon. takes glucose and flips one group to make it an L sugar. 

Thomas M
Sticky Note
there is beta bond again. why is this surprising? evolution has picked this for best conformation

Thomas M
Sticky Note
heparin - most charged polyemr in body, one sugar has two negaitve charges, the other one as well. and its covered with sulfate charged eerahwhere. where do sulfate come from? they are from amino acids, what do we do with extra amino acids? we burn them up, so amino acids with sulphur in them get oxidized and remain in body. heparin is anticoagulant. its drawn out in straight line bc of all negaitve charges. 

Thomas M
Sticky Note
EACH of these molecules is BIG. we don't need to memorize these - we DO need to describe them. so use them as practice. 

Thomas M
Sticky Note
all of these guys are usually found on proteins, where hte SUGAR parts are big.

Thomas M
Sticky Note
when the above structures are bound to proteins. 

Thomas M
Sticky Note
alot of proteins in the cytoplasm make them more soluble, so life puts a few sugars on them. these arecalled glycoproteins. it adds to molecular weight, can be removed. so you can see four forms for something like this. very few sugars, but they screw up migration in gels. 

Thomas M
Sticky Note
glycoplipid - lipids with sugars attached to them. billyruben - orange pigment, body makes it soluble by hooking glucaronic acid to it. 

Thomas M
Sticky Note
blood groups are sugar chains. type O - at teh end of it R2 just goes on and sticks to membrane. 

Thomas M
Sticky Note
fucose - and L sugar. our BASIC metabolism is D sugars. 

Thomas M
Sticky Note
what makes type A blood type A? compare the two stracutres, we've added another aceto-galactose. the first bond between galactose is beta bond, and the one we just added is alpha. is it always like this? YES. its done by ciritcal enzymes, and enzymes are stererospecific . to get to B from A, just add one group to hanging out group. 

Thomas M
Sticky Note
how do we explain that one extra group changes the whole blood type?? ENZYMES ARE SPECIFIC. its enough to make the difference bc enzymes will recognize this. 

Thomas M
Sticky Note
most compounds in biochem have EXACT lengths. so as general rule - for all these polyemrs - they DON"T have defined length. enzyme that makes a gene - perfect, enzyme that makes carbohydrates - stupid. 

Thomas M
Sticky Note
glycogen is energy stored in liver. at the end of marathon - person wonn't have any glyucogen in their liver. glycogen can't go more than a certain size, depends on how much glucose you eat. 

Thomas M
Sticky Note
concllusion - any sugar you look at - go through every carbon - must be assessed according to fischer prjections. so upper parts of this lecture are most important. aceteal if aldehyde - ketal is ketone. 


If you need more practice, randomly position groups aéund a cross and identify the
configuration. There are 24 ways to draw this carbon!

#1.2b Only D-glyceraldehyde. With the way the molecule
is held only one of the terminal carbons will be up. Carbon ~EH> ——HOoH
of glycerol is said to be prochiral: a reaction with one of
two identical substituents converts it to a chiral group.
Two identical substituents = prochiral. Note: When two of the groups are seized, the position
of the other two groups is totally defined. =~ Name another type of prochiral group (answer
at #1.6).

#1.2c nm. This is the scale of molecules. A key reference value for biochem and organic chem
is the length of a carbon-carbon bond (0.15 nm). Knowing this ruler you can estimate the size
of ANY molecule.

#1.3 Because enzymes are little robots! See #1.2b

#1.4a Any reaction that converts a prochiral group to one with four different substituents. See
Q#1.2b

#1.4b The enzyme does not seize the chiral centre. i
#1.5a Identically! Reminder: There is free rotation around a C-C 'Béiid:

D-glyceraldehydel

Any OH can be "on the right" or "on the left"! The drawings arﬁQZ%H = \‘}_\ﬁ%
a convention used to show the configurations. il wy <Y
#1.5b acircle> > > > @HO — hlon MO @é
#1.5¢ D-glucose . H-TOH TN .

#1.6 Any carbon that with one reaction becomes H o

a carbon with four different substituents: ketone, double bond, ring carbon, imine, etc...
#1.7 a coat of negative charges

#2.1a Water = 1000/18 = 55 M : about 10,000 x more concentrated. H : pH 7 = 107 M :
about 10,000 x less concentrated. Definitely enough water to make H-bonds with glucose!
#2.1b Blood contains 5 mM x 51 =25 mMol. Mol Weight C,(H,0), = (6x12=72) + (6x18
=108) = 180 = 200 (rounded off for quick math). 400 g+ “200" g/mol =2 mol/day = 2000
mMol/day. 2000mMol/day + “25 hr/day” (for quick math) =80 mMol/hr. 80/25 = 1/3 of
an hour! But you will pass out before that: blood glucose can not drop to 0.

#2.2a Even with the structures available, it is not worth changing the method of estimation:
do as in #2.1b: 25 mMol x “200" mg/mMol = 5,000 mg = 5g

#2.2b Glucose. For mannose change the configuration at C2, for galactose for C4, for L-
glucose change all the chiral centres. Reminder: Find the reference carbon first! Then look at
other things...

#2.3a L-fructose It is drawn upside down.

#2.3b All the OHs = polar group on every carbon -> freely soluble

#2.3c Since chemical reduction gives both configurations, a half of the reduction products
obtained from fructose will be identical to the single reduction product obtained from glucose.
#2.3d Glucose: no difference. Fructose: only one of the two isomers would be made.
#2.4.2a When the hydroxyl on the DL carbon is not involved in the ring
forming reaction. Example: the compound on the right, called a sialic group cH,
(Sia), is found in large amounts on the surface of your cells. The CH,OH Oﬁﬁ HYOH \ COO-
definition would call this a B anomer. This is wrong! Using the definition in

H

S-24 OH H



the notes you will correctly identify it as the o anomer.

For another example of the weakness of the definition, see fructopyranose (Q#2.4.3a)
#2.4.2b Crystals form as deposits of the same structure when a product precipitates from a
saturated solution. Since the crystal is a-D-glucopyranose, the solubility of the a-anomer must
be lower. Since an equilibrium exists, more a-anomer will be made from f as the crystal
grows. This will give just one anomer in the crystal.

#2.4.2¢ Try to modify the solution so that f-D-glucopyranose is the less soluble of the two.
#2.4.2d None of them! Look at it in CHIME. Remember your ruler: see Q#1.2¢c

Haworth Wire frame Stick Ball and stick Space filling
(Van der Waals
radii)
|
_OH
H ¢—O H \
/ H hY
OH H
0O OH . , ’
H OH Sl
#2.4.3a
o, OH _OH H
‘_]_0 H . : D-"_o H 6 1 HTOH H oH
H N\ E:’ ----- v H P OH - o H 0 oH, B 2 o O H o Cf—(z .
CWDH e H- g C);W B “Ka ol 2 —= 3HoH | NG
i I H 5ol Ch, 1 4 HAHOH | e 0 oH
H OH = H--OH - H O©OH 0 H oH 5 HaoH_ i | 0O H
& HO—H i ' . 6 hlon e A
H-TOH H OH
) - H~OH . D\ HO-o o / %BHO%O CH; ;
ol w7 HTH S wouf on el 5, Mfori ™2
HO —?\H H| 4 ""“~?\f o 1 h B £ OH H CHZOH /oon "
NV HN H D 4
-h-H & ha » H OH :

#2.4.3b Enzymes chose this form and incorporate it into biological compounds in a manner
that does not allow mutarotation to occur (see 2.4.2). For an example see sucrose (2.7).
#2.5a Sugars have no extensive resonance (or atoms with d-orbitals) and they should be, and
are, “colorless” (in visible light), which means white. Traces of color are due to contaminants
or to the start of degradation reactions (usually oxidations). Keep this principle in mind when
opening biochemicals!

#2.5b 25 cm x 40 cm x 10 cm = size of a bag of cement or big bag of sugar -> you can lift it.
If the density is reasonable! .25 x .4 x .1 = 0.01 m’ = 10 kg if it were water. Organic
chemicals have low densities (C,H,O,N). Fats float (lot of hydrogen), sugars sink (lot of
oxygen) -> densities will be “around” 1. Most interesting biochemicals and organics
(interesting means with C,H,O,N) are about 1.5

#2.5¢ Racemic mixtures. And also when the sugar is identical to its mirror image: this can
happen when there is an internal plane of symmetry, i.e., one half of the molecule is a mirror
image of the other half (called meso compounds). Mannitol is like this (see 2.6.3), it’s a sugar
found in plants.

#2.6.1a Same in both! In case of doubt, review the oxidation levels of carbon. Lactones and
hemiacetals are often missed or mixed up... In case of doubt, draw the linear form (see
Q#2.43a)

#2.6.1b No change in carbon oxidation level (#2.6.1a). The lactone is an ester -> hydrolysis
will open it.

#2.6.1c An enzyme is specific and will detect only glucose. Fehling’s will pick up all
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reducing sugars.

#2.6.2a No magic: the oxidizing power must come from somewhere: an oxidation
accompanies a reduction. X must be an oxidizing agent, Y is the reduced form of X.
#2.6.2b Makes them more soluble -> easier to excrete. (Lots of hydrogens = not very soluble.)
Glucuronic is charged thus solubulizes more than glucose.

#2.6.3 Both configuration will be obtained at C2 -> half will be D-sorbitol. The enzyme
makes only one isomer

#2.6.4a “What carbon is the amine on?”” (Usually amines are on C2)

#2.6.4b It is the a-pyranose of a D-keto- nanose (9 carbons; if your Latin is a little rusty, just
say “nine”-ose). Cl1 is oxidized to the carboxyl level, C3 is a deoxy and CS5 is N-acetyl
substituted. Carbons 5 to 8 have the configuration of mannose (Guess how this molecule is
made?). Or you could say that in a Fischer projection, the other chiral centres all have the
same configuration as the DL carbon except for carbons 5 & 6. Now if you read your
description, could you draw the compound? The simple name for this compound is a sialic
group (see Q#2.4.2a) : Many sialic acid groups are linked through glycoside bonds to other
sugars on the surface of your membranes. What property will these groups confer to the
surface of your cells? Answer at #2.10.

#2.7a The usual: removal of water. See page B-3 2. No! It’s synthesis. It will cost energy...
#2.7b Fructose has the wrong configuration at carbon 3

#2.8.1 aleft handed helix. One helix will turn polarized light one way, the other the other way.
#2.8.2a Below the sensitivity of the procedure: the entire glycogen molecule has only one
reducing end.

#2.8.2b A 1 pum starch granule must contain many molecules of starch. Yes (electron
micrographs often contain a 1 um scale bar). Under the electron microscope you see glycogen
as black dots in a liver cell.

#2.8.2¢ Does not raise the osmotic pressure. If it was stored as free glucose, a liver cell would
be 0.4 M! This could burst the cell. It would also make it very hard to take up glucose from
blood.

#2.8.2d 0.4% = 4 mg/g tissue = 4000 ug/g + “200" ug/umol (MW of a C6 sugar see Q#2.1b)
=20 umol/g + 100 uMol/min = 1/5 of a minute! Since the time is so short, was it worth doing
accurate calculations?

#2.9.1 300 mm/day + “25"hours/day =12 mm/hr, + 60 min/hr =0.2 mm/min = 200 um/min
+60s/min =3 um/s = 3000 nm/s + 0.5 nm/residue = 6000 residues/s. Without rounding off
the value is 7700 residues/s.

#2.10 a negative charge.

Reminder:
On your model: -Red=bond to oxidized end, -Green=bond to tail, -Blue= bond to OH

Normal osmotic pressure = 300 mOsM (150 mM KCI)



Appendix II: ANEASY AND RAPID SHORTHAND SYSTEM FOR BIOMOLECULES

LINEAR MOLECULES:

acid aldehyde

alcohol

A C6...

o ©

aldose

amide

GLUCOSE

TLITEE

Groups: Phosphate: a'@

CYCLES:

H
Y
LURACILE X J-l Jr

H
[ H
) THYMINE

()

pyrangd-n rmmbering. as for a pyramud.
start at bottom, go clockwise.
poor-n pumbering: dl 15 poor, backwards:
the start, the direction, and even the rings!

SUGARS:

Sulfate: @ Thiol: S

&)

A w

I

T
S
.

N ‘-;:P o Nf
s ) H

_|
'\ GLUARIME

ALERIRS pyrimidine; pyrasga-A build a pyramid
ot the N fragment (MT-C-I).
purme =pwrarad-N +pure-N To pyrandd-N,
add anng made with the I fragment (prre-M.
Uracil = wrea-aod: an acyl linked to urea,
Thymine =fe-Mixn: tie amethyl group to uracil,
Cytosine = side-O-z22-N: the O on the side seez
an I on top.
N Adenine = add-an-N add an amino group to top
A Guanine = go-Aix: move atmuno group down

HO-CH e, OH
"CH-.-
OH H ©CH


Thomas M
Sticky Note
say you see a compound - you need a shorthand systme to identify it. 6 carbons -  on top there is two circles - the infinity sign (stands for carbonyl group). draw one circle - aldehyde

Thomas M
Sticky Note
coating something with charges makes it soluble. sulfate as sulfide - difference? highly charged vs uncharhed - therefore changes in solubility. 

Thomas M
Sticky Note
takes even longer to draw glucose as a ring - so draw it in shorthand. - draw in oval 6 membered ring. 




