Carbohydrates




- Carbohydrates “Saccharides™
“Carbo” & “Hydrate”

Glycans with basic formula (n varies from 3-8)
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(CH,0), or H-C-OH

It is a polyhydroxy (aldehyde) or (ketone), or a substance that gives these

compounds on hydrolysis

Monosaccharide: a carbohydrate that cannot be hydrolyzed to a simpler one

Aldoses vs. ketoses: glyceraldehyde & dihydroxyacetone are the simplest

Aldehyde functional group

Monosaccharides

A ketose
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H—C—OH
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CH,OH

D-glucose

CliHZOH
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H—C—OH
H—C—OH

CH,OH

D-fructose



Structural Forms
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Monosaccharides — carbohydrates that cannot be hydrolyzed to simpler
ca rbohydrates (glucose or fructose)

« Disaccharides — carbohydrates that can be hydrolyzed into two
monosaccharide units (sucrose — glucose & fructose)

Oligosaccharides (3 to 10 units) — carbohydrates that can be hydrolyzed into a
few monosaccharide units (fructo-oligosaccharides (FOS) found in many
vegetables, Raffinose)

Polysaccharides — carbohydrates that are polymeric sugars (starch or cellulose)



Natural Forms
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* Most carbohydrates are found naturally in bound form rather than as
~ simple sugars |
- Polysaccharides (starch, cellulose, inulin, gums)

— Glycoproteins and proteoglycans (hormones, blood group
substances, antibodies)

— Glycolipids (cerebrosides, gangliosides)
— Glycosides |

— Mucopolysaccharides (hyaluronic acid)
— Nucleic acids (DNA, RNA)



Carbohydrates

£

Monosaccharldes Dlsaccharldes

Complex

Polysaccharides

.

Glucose Maltose Starches

Fructose Lactose Fibers
Sucrose

Galactose Glycogen

Carbohydrates

‘Mnnnsaccharides

Aldose
Eg. Glocose

Ketose
Eg. Fructose

Reducing
Eg. Lactose
Maltose

Reducing
Eg. Sucrose

EL] tnnse

Eg. Starch,
Cellulose

General

terms

Aldehydes

Ketones

Triose

Aldotriose

Keto tnose

Tetrose

Aldotetrose

Ketotetroze

Pentose

Aldopentose

Ketopentose

Hexnse

Aldoheyxose

Ketohexose

Heptose

Aldoheptose

Ketoheptose

Hetero
Eg. Heparin
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p-Allose D-Altrose

D-Arabinose (Ara)
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Aldohexoses
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Dihydroxyacetone

Ketoses CH,OH
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D-Psicose D-Fructose




Basic chemical formula: (CH20)n

Stereocenters

DorlL

Monosaccharides

@ Fischer
projection |
H OH HO —

!HZOH
D-glyceraldehyde

CHO

cI—H
CH,OH

L-glyceraldehyde

cHo Perspective

C CHO
= formula =
Hew=C=m OH HO = C oug H

CH,OH EH,OH

D-glyceraldehyde

L-glyceraldehyde

D sugars predominate in nature

The 2-D representation (Fischer
Projections)

H—C—OH
Ho— ¢
H—¢—on
H—(i]—OH

CH,OH

D-Glucose
(an aldose)

CH,OH

C=0
Ho—¢ i1
H—¢—on
H—(:]—OI—I

CH,OH

D-Fructose
(a ketose)

Carbon
number

1

2

H. O
NS
H—(II—OH
So— G—H
H—(IJ—OH
H—C:]—OH

CH,OH

D-Glucose

Glyceraldehyde,

Forward

I
H—C—OH
H_CI_OH

H

an aldotriose

HO—C—H
H—G—on
Ho— G
o—G—

CH,OH

L-Glucose

| Backward

l
H—cl—ou

H

Dihydroxyacetone,
a ketotriose

glyceraldehyde

(a ketotriose).

D-Glyceraldehyde

@ A comparison of

(an aldotriose) and
dihydroxyacetone

O Top (C1): Most highly oxidized C

H 0 H 0
N\ 7 N\ 7
C / \ c
| |
H—C—OH OH—C—H
| |
C H,OH C H,OH

L -Glyceraldehyde
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|

CHyOH—CHOH—CH
Glyceraldehyde

CHyOH—C —CH,OH
|
o)

Dihydroxyacetone




Aldotetroses

= D-erythrose & L-erythrose (enantiomers)

= D-erythrose & D-threose (diastereomers)
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{%-HE{Z}H

D-Erythrose

H{:}—{|3—H

CH,OH

L-Erythrose

H—C—OH
|
CH,OH

D-Threose
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|
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CH,OH

L-Threose

H—C—OH
|
H—C—OH

CH,OH

D—Er}-'throse

HO—C—H
|
H—C—OH

CH,0H

D-Threose




Pentoses & Hexoses
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* Most of the sugars we encounter in nature, especially in foods

» Aldopentoses & Aldohexoses (how many chiral carbons? How many stereoisomers?)
24 R ' '

®CH,OH

p-Mannose p-Glucose p-Galactose
(epimer at C-2) (epimer at C-4)




Glucose Isomers

CH,OH
CHO
HO ——H
H——OH

HO——H
H——OH
CH,OH CH,OH



Common Monosaccharides

Glucose:

—- Mild sweet flavor

- Known as blood sugar
- Essential energy source
— Found in every disaccharide and polysaccharide

N

Galactose

Galactose:

— Hardly tastes sweet & rarely found naturally as a
single sugar

Fructose:

- Sweetest sugar, found in fruits and honey
— Added to soft drinks, cereals, desserts




Cyclization of sugars
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H—C—OH
2

HO—BC—H

H—C—OH
4

H—C—OH
5

,CH,0H

D-glucose
(linear form)

H OH
o-D-glucose

H OH
B-D-glucose

CHz0H
2C|3=O
HO—C—H
|
H—C—OH
N
H—C—OH
°|
.CH,0H

D-fructose (linear)

a-D-fructofuranose

Haworth representations

of furanose structures
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Haworth representations
of pyranose structures
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Pyranose form
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p-Glucose OH
OH

OH

Furanose form




Chain to ring ‘
Left-up, right-down

HC—0H
HO—CH

HC—OH

HC—OH

glucose

H':IZ[:I
HC—OH
HO-CH
HO—CH
HCI—DH
CH.OH

CH,0OH
OH 0

OH

CH
galactos e

OH
fructose




Reactions of monosaccharides - modified
sugars |

Oxidation

Reduction

Esterification

Glycosidic bond formation



Oxidation

Oxidation of a cyclic hemiacetal form gives a lactone
Reducing sugars

Tollens solution (oxidizing agent); silver ammonia complex ion,
Ag(NH,)>*

Specific for glucose: detection of glucose, but not other reducing
sugars, is based on the use of the enzyme glucose oxidase




Oxidation - Naming

a. Weak oxidizing agent & b. Strone; oxidizing agents

H-C-OH

H.C-OH H- c* OH H- C' OH I

| e .
HO-C-H Weak oxidizing HO- C‘ H HO- ? -H Strong oxidizing HO-T-H

I |

. . H-C-OH agent H-C-OH
H-C-OH agent H-C-OH I KMNO: or Cr:0s |

| | H-C-OH H-C-OH
H-C-OH H-C-OH

| I , COOH

CH,OH CH,OH
-aric acid

——onicacid A dicarboxylic acid

c. Oxidation of primary alcohol end in biological
systems

HO-CH, H-C=0 CHO

) I I
L OH H-C-OH H-C-OH
< OH - I I

[ | ‘ HO-C-H Enzymes HO-C-H
OH I I
H-C-OH

OH H-C-OH
I I a-D-glucuronate
D-gluconate _C- -
H-C-OH H-C-OH (D-glucuronic add, GlcUA)

(D-gluconic add, GlcA) - LI
from oxidation of glucose C1 aldehyde) h frorm oxidation of glucose C6 OH




Note
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= Oxidation of ketoses to carboxylic acids does not occur, but they can
be oxidized because of formation of ene-diol form

CH,OH
=0
HO——H

H—T—OH
H—T—OH
CH,OH

D-Glucose - ene-diol o-Fructose -
open chain form open chain form




Reduction
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= Xylitol & sorbitol: derivatives of xylulose & sorbose, have commercial
importance (sweeteners in sugarless chewing gum & candy)

CH,OH CH,OH CH,OH CH,OH

| | | |
c|:=o H—(IZ—OH H—(l;—OH (|:=o
H—C—OH H—C—OH  HO—C—H HO—C—H

HO—(|]—H HO—(II—H H—(I]—OH H—(ll—OH
H—C—OH H—C—OH CH,OH CH,OH

CH,OH CH,OH

D-Sorbose D-Sorbitol D-Xylitol D-Xylulose
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; Xylitol, sorbitol, and Mi
mannitol (sugar alcohols) l

= Sweetners, cosmotics and personal care (absorb moisture), pharmaceuticals ¥
(Antihypertensive drugs, diuretics) »

Supplement



Reduction

= L-fucose (L-6-deoxygalactose): some glycoproteins including the
ABO blood-group antigens

= D-2-deoxyribose: in DNA

[-L-Fucose [-L-Galactose -D-Deoxyribose p-D-Ribose
{6-Deoxy-[-L-palactose ) (2-Deoxy-f-D-ribose)




Esterification \ _
Phosphoric Esters | cnoe? 4 crHON < an

0O-H O-CHsCH3

* Breakdown of carbohydrates to provide energy

* Frequently formed by transfer of a phosphate group from ATP

CH,OPOs*

7 77 * i

"OP — OPOPO —Adenosine Enzyme + "O—POPO—Adenosine

~ ' ' T

|
O 0O ' O O

OH
B-D-Glucose ' B-D-Glucose-6-phosphate




Glycosidic Bond Formation
formation of full acetal
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The -OH of the anomeric carbon is replaced by -OR

Glycosidic bond: bond from the anomeric carbon to the -OR group

This type of reaction involves the anomeric carbon of the sugar in its cyclic form

This is the basis for the formation of (di/oligo/poly)saccharides

Glycosidic 4

/ bond
HoO

OCH,

CH,OH CH,OH CH,0H

HEOHE

OH

Ot-D-Glucopyranose Methyl Methyl-o-D-glucopyranoside,
(hemiacetal) alcohol a glycoside
(full acetal)

o(1—> 4) Glycosidic bond 0/(1—> 6) Glycosidic bond
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HOCH,

o .H
1

Glycosidic Bond Formation o

anomeric
carbon

| OHx//
HO

% glycosidic link HO
H  OH

J OH

-"";ni}ll'l eric carbon H

H,CCCOO™

N-glycoside N-Acetyl-3-D-glucosamine N-Acetylmuramic acid




Disaccharides
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" Maltose is produced durlng the germination of seeds and
fermentation

- Formed from the hydronS|s of starch

" Sucrose is refined from sugarcane, tastes sweet, and is readily
avallable

= Lactose is found in milk and milk products



http://www.southernmatters.com/sugarcane/essays-sugars.htm
http://www.southernmatters.com/sugarcane/essays-sugars.htm

Lactose intolerance

It is a condition caused by defective lactase

B co-s0

lactose remains in the intestines & draws excess
water |

Bacteria ferment lactose to produce CO2 and
methane

Symptoms: bloating, cramps, flatulence, and
diarrhea

Lactose (3 form)
[3-p-galactopyranosyl-(1-—4)-3-p-glucopyranose
Gal( S1—4)Glc

Cramps

Bloatin
Diarrhea




Lactulose

Duphalac

lactulose

= Synthetic (isomerization)

= In medicine as an osmotic laxative (treatment of constipation)
R | Ml

CH,OH
0o, OH

CH,OH OH Isomerization
OH o O — O

OH

OH

Lactose Lactulose




Sucralose (artificial sweetener)

CH,OH
CH,Cl

O
OH HO

O CH,CI

OH OH

SUcrose sucralose

No Calorie Sweetener

MADE FROM SUGAR SO
IT TASTES LIKE SUGAR




Galactosemia
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‘Missing a galactose-metabolizing enzyme

Converted to the hydroxy-sugar galactitol (cannot escape cells)

Swelling and cell damage (brain; severe and irreversible retardation)

r Brain damage

Cataract

. "‘ Cataracts
/5/» _~ Jaundice
"‘\/ Enlarged liver
/\Kidney damage

R
If a galactosemic
infant is given milk,
unmetabolized milk

/' sugars build up and
damage the liver, eyes,
kidneys and brain




Oligosaccharides

= Raffinose; found in peas and beans

£91£8p4 Q) Y24e8S /ISy 1euidu0 @
W03 )201SU00NED WOL) ajqejieay siybiy

= Composed of galactose, fructose, and glucose

"You want that double-order of
our world-famous baked beans for
here... or, we sincerely hope... to go?"

O
HO /4 H

AN 0 Raffinose

H HO CH,

A O HOSH: o

OH

OH

H H Ho
HO Y

Cabbage Brussels Kohlrabi
sprouts

2R

Cauliflower

Digoxin



Polysaccharides
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= Homopolysaccharide vs. Heteropolysaccharide
= Cellulose & chitin: B-glycosidic linkages

" Star-ch, glycogen, and dextran: a-glycosidic linkages



Starch

= Which organisms?

= Forms:
- amylose (10-20%)
— amylopectin (80-90%)
= every 25 residues

CH,OH CH,OH

iy
..r"f \.__\..

Maltose (glucose-a-1,4-glucose)




Glycogen

More highly
branched

Glycogen

Every 10 residues

~More water- | HOCH, HOCH,
soluble lL_o L_0o
Easy enzyme \Ov\ob\o
access to glucose |

residues HOCH,  HOCH, CH, HOCH,
O W -y ™y

W W W -




Dextran

A storage polysaccharide
Yeast and bacteria

0(-'(1-6)-D-glucose with branched
chains

Branches: 1-2, 1-3, or 1-4




H-bonds

Cellulose

= Plants, linear, ~3000 unit, [B-

‘ » P 1

1,4-glycosidic bonds, = ol °
’ - a4 i mr oA

Cellulases — o B g

»

CH,OH CH,OH CH,OH CH,OH

B(1—4)
OH

2 A
Repeating disaccharide
in cellulose
(B-cellobiose)




What manner of

CH,OH armor 15 this?!?

Chitin

= What is the precursor?

HN —CCH,

= Where does it exist? O

N-Acetyl-B-D-glucosamine

CH,OH CH,OH CH,OH

J—(‘) / -0
o/‘\

B(1— 4) » 4 B(l1— 4)

| |
O O O

heh heh
EXOSKELETON!

HN—CCH,

|
O




Bacterial cell wall
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d N ~
— () O H -D OH H L 00aShe® .
/ 4 H | | 8
l-'ll
Hj{lﬁ& ;-’f H NH H NH - - NAG Oligopeptide
'TH C—=0 C—=0
COO™ CH, CH,
NAM NAG

MAcetylmuramic  ANAcetylglucosamine Lactic acid

a l‘i d N-acetylglucosamine (NAG) N-acetylmuramic acid (NAM)
L !




Glycosaminoglycans

= What are they? Where are they located?

= Derivatives of an amino sugar, either glucosamine or galactosamine

= At least one of the sugars in the repeating unit has a negatively charged carboxylate or

sulfate group

CHLOH

=) R

W O-
H

H

NHCCH,

COO™

H AL O
‘OH 1) )
H

N-Acetyl-
vgalactosamine-
sullfate

Chondroitin-4-sulfate

H OH
p-Glucuronate

CHL,OS0,™

O.
HO 4 s

3
NHCCH,

COO™

) 5
H B

1
{ )

NQOH H 5 0
MNAcetyl-
zalactosamine-
OGsulfate

H Ol
p-Glucuronate

Chondroitin-6-sulfate

CH,OH

0
N-Acel
p-galactosamine-

t-Iduronate 4-sulfate

Dermatan sulfate

OO~ CH,O50;™
Q
WA H
OH _H )

H NHSO.,~
A-Sulifo-

p-glucosamine-
G-sulfate

n-Glucuronate-
2-sulfate

Heparin

CH,OH
H O B

e
H )

H

HO DR H

'\”(II(”
|

COO™
H = O 5 H
- —O

NRQOH H ‘” O

]
H OH
p-Glucuronate

N-Acetyl-
-glucosamine

Hyaluronate

CH.OS0,~

H ARO. B,
HoO) . ind
{H=OH AR
- O

HO A4 '

H  NHCCH,

H |
H OH O

NAcetyl-nglucos-

n-Galactose amine-G-sulfate

Keratan sulfate




Localization and function of

GAG

GAG

Hyaluronate

Chondroitin sulfate

Heparan sulfate

Heparin

Dermatan sulfate

Keratan sulfate

S —————

Localization

synovial fluid, vitreous humor,
ECM of loose connective tissue

cartilage, bone, heart valves

basement membranes, components of cell
surfaces

component of intracellular granules of mast cells
lining the arteries of the lungs, liver and skin

skin, blood vessels, heart valves

cornea, bone, cartilage aggregated with
chondroitin sulfates

Comments

the lubricant fluid , shock absorbing
As many as 25,000 disaccharide units

most abundant GAG

contains higher acetylated
glucosamine than heparin

A natural anticoagulant

Only one not having uronic acid



Proteoglycans

= Lubricants
- : . : Chondroitin —
= Structural components in connective tissue sulplicas
: : P
D f Keratan sulphate ————=
* Mediate adhesion of cells to the extracellular link profein ,
matrix Hyaluronic acid ———

backbone

Bind factors that stimulate cell proliferation’

Link protein —————

Hyaluronic acid —

backboner o
Core protein AN




Bacterial cell wall

CH,OH CH,OH

H O H

I e ﬁ ]
(0] C H O OH
k H \_/

NH H

H— I\|~]
L-Ala

n-Gin 8]

|
I-Lys —eNH— C— (Gly)s—NH—  To tetrapeptide Lactic acid

n-Ala side chain N-acetylglucosamine (NAG) N-acetylmuramic acid (NAM)

C=0
H—N
(Gly)s
C=0 NAM NAG
| MNAcetylmuramic  NAcetylglucosamine
acid

To tetrapeptide

side chain




Glycoproteins

e —————

* O-glycosidic; hydroxyl group of serine (Ser, S),
threonine (Thr, T) or hydroxylysine (hLys)

* N-glycosidic bonds; through the amide group
of asparagine (Asn, N)
= Significance:
- Protein folding
- Protein targeting
- Prolonging protein half-life
— Cell-cell communication
- Signaling

N-linked GIcNACc O-linked GalNAc



Blood typing

|:| N-Acetylglucosamine

| | N-Acetylgalactosamine

£\ Fucose




Sialic acid
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cytoplasm



