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Isomerism in carbohydrates: (Summary of what we have seen)

Isomers: are compounds that have the same chemical formula (hnumber and type of atoms) but differ in

structure (three dimensional orientation of atoms). Several types of isomers exist for carbohydrates:

1.

Aldo-keto-isomers: sugars that have either an aldehyde or a ketone group, e.g., D-glucose and D-fructose

are aldo-keto hexose isomers; while D-ribose and D- ribulose are aldo-keto pentose isomers, D-

glyceraldehyde and di-hydroxyl-acetone are aldo-keto triose isomers. active groupdls pen s 5 (3 4l
Epimers: sugars that differ in the configuration around a single carbon atom other than the aldehyde or

ketone group are called epimers, e.g., D-galactose is an epimer of D-glucose (differ in configuration
around carbon 4), D-mannose is an epimer of D-glucose (differ in configuration around carbon 2).
However, D-galactose and D-mannose are not epimers to each other asthey differ in the configuration

around 2 carbon atoms. Enantiomers _sixd | sla 5 D W ) Lein a5l (3l L;m LS yall
Enantiomers: are mirror-image isomers and are designated as either D- or L- sugar. The vast majority of

sugars in humans are D-sugars. Racemases are enzymes that can interconvert D- and L- isomers. Most
enzymes are specific for either D- or L-forms. We need to have at least one asymmetric carbon atom
(i.e., acarbon atom attached to 4 different groups or atoms) to have enatiomeric forms. Glucose has 4
asymmetric carbon atoms and D-glucose and L-glucose are enantiomers.

Anomers: are isomers which have different distribution of atoms or groups around the anomeric carbon
atom in ring structure of sugars. The anomeric carbon atom is the one that carries an aldehyde or a
ketone group in the open chain structures, and only becomes asymmetric in ring structures, e.g., o

glucose and J - glucose are anomers.



Each of D- and L-Glucose and D- and L-Fructose Are Enantiomers or mirror images to each other

Mirror Mirror
H-C=0 N H-C=0 CH,-OH CH,-OH
RN
RN
H-C-0OH § HO-C-H C=0 N C=0 50 2 1l (et
N PR
HO-C-H KR H-C-OH HO-C-H H-C-on s oedds)
N N isomersd! zua sl
H-C-OH R HO-C-H H-C-OH HO-C-H 2 sl e | L
. o onr
N 6= 3 Cpdn
H-C-OH § HO-C_H H.C_OH Ho - _p 0T o
N
CH, - OH CH, - OH CH, - OH CH,-OH
D- Glucose L- Glucose D- Fructose L- Fructose
Enantiomers Enantiomers

D- Glucose and L-Glucose are mirror images of each other: They are Enantiomers. Both have 4 asymmetric
carbon atoms. D- and L-fructose enantiomers have only 3 asymmetric carbon atoms each. Fructose: is a keto-
hexose, a sugar with 6 carbon atoms that contains a ketone group. It is the fruit sugar and can be converted to
glucose in the liver. It is also produced from glucose in the body during the early stages of glucose oxidation
in the cytoplasm of all cells in glycolysis. It is present in the seminal fluid and is important for nourishing the
sperms. Fructose is the monomer from which inulin, a homo-polysaccharide is composed. Inulin is used in

renal function testing to estimate the glomerular filtration rate.
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Classification and Nomenclature

Carbohydrates

Oligosaccharide J Polysaccharide

Functional N‘:g:i;“ Di- Tri- Tetra-
group R saccharide saccharide @ saccharide
. J L K
Aldoses Trioses Maltose Raffinose  Stachyose
e.g Glucose
Tetroses Lactose
Ketoses Pentoses Sucrose
e.g Fructose
Hexoses

Heptoses

Homopoly- Hetropoly-
saccharide saccharide
Hyaluronic
| Starch acid J
Dextrin Heparin
Chondroitin
| Sheogen sulfate
Dermatan
| Cellulose Sulfate
il Keratan
Sulfate




Reducing vs non-reducing sugars

« Benedict's reagent: Chemical reagent of sodium carbonate, sodium
citrate, and copper(ll) sulfate pentahydrate

» Detects the presence of aldehydes or ketones (active & free carbonyl group)

 |f oxygen group on the carbonyl group is not attached to any other
structure, the sugar is reducing

« Oxidation of the reducing sugar by the cupric (Cu2+) complex of the reagent
E)éodg;)es a cuprous (Cu+), which precipitates asinsoluble red copper(l) oxide
u2

Ui carbonyldle 335 sl OJI 1) : atlawe, non-reducingd)s Reducingd) om a2 sill agediiag
o Aliaie CulS 1A G (Cpdail) die yeal 45 Jslae Jharas) reducing sed (U S e sl dliais
Je agin adagl HIl oS A8Y 4 free W) Sz HU) 303 ae Wbl 5 ) non-reducing
( reducing il

ténley Rossiter
Benedict




Disaccharides

 Two monosaccharides can be joined by a glycosidic

bond with the loss of a water molecule to make
disaccharides 5 H20 4 gy el

 The glycosidic bond always involves the anomeric

carbon of one participating sugar. The 2nd sugar
participates in this bond by usingeither:

o

* lts anomeric carbon: in this case, the disaccharide (as sucrose) has no free
reactive group.

* A carbon other than the anomeric one. In this case the disaccharide will
have a free reactive group and shows reducing character

alasi yall 0d! 2 non-reducing ¥ reducing <S <l 131 Jdaassy I Q) Lua
OS el 43l sliza (ala (@ anomeric CJ) Gk oo las e (S jall 51 s anomeric CJ-
il €393 ol ¢ Lla Y S Wl non-reducing S« saie 73 Jalb s free O apie i Jh
a/B o5 Sae Ul g reducing iz < | 4alis gnomeric Cdle I OJ) Ll s
« They can be present either in a— or p-form. This occurs if the second

monosaccharide residue of the disaccharide contains a free anomeric
carbon atom which has the ability to be present in a or p-form




 Glycosidic bond: covalent between the

hydroxyl group of anomerlc carbon

bondd! & 4S )Lis anomeric C & OsS a )Y




L glu s gly o e Sl 8 andiiual) xllaiadll Calisg
Jai¥l 5 aeV) & glycosidic OS] agin nS (58 i Lilxd
A . .
* The glycosidic linkage is named according to:
— anomeric carbon to which it is attached (a or p)

— according to the parent sugar e.g. glucosidic,
galactosidic or fructosidic bond



* The most Iimportant disaccharides widely
distributed in nature are:

Reducing disaccharides:

1.Lactose.

2.Maltose.

3.Isomaltose.

4.Cellobiose (formed of two b glucose)

Non-reducing disaccharides:
1. Sucrose.



1. Sucrose: (pbbll Sw)

It is called cane or beet sugar (U>dl/ Sl cuxd)

It is the common sugar of the table & the kitchen so, it is called table sugar
It is formed of a-glucose & p-fructose linked together by a-1. b-2

glucosidic linkage

Sucrose is digested by the enzyme sucrase which is present on the brush
border membrane of small intestinal mucosa into glucose and fructose

s S CCHZOHD

a-D-Glucopyranose alpha 14 + O 11
OSEL  EE

HO

BRI FREN|

0
p-D-Fructofuranose | beta o<
5 H o“
H 74 ] CH,OH
OH H

,anomeric Cdl die (e shy)l (S pall a laadli 3l 5 &
non-reducing &4l Julb




Leae cilS A HO) sie i G Ada) ) iS5 LgilSa il O sla
H20 s Vslee 5 ) sandl UGN S el C2de cils A OHJ)

®CH ,0H

OH
a-D-glucose
Glucopyranose O_
+ > 1
, -
, HO k\
. 3
CH ,OH
OH
OH
-D-fructose Sucrose

ructofurnose

CH ,OH

a-1,B-2-glycosidic
linkage



« Sucrose is a Non-reducing sugar: because the reducing groups of
both glucose & fructose are involved in the linkage between the
two sugars. So, They cancel the action of eachother.

* Invert sugar: iy \§
» Sucrose before hydrolysis is dextrorotatory 5 c ’

* After hydrolysis by sucrase or invertase, It gives a mixture of D-
glucose (a =+ 52.59) and D-fructose (a =- 92%) which is levorotatory.

4l Sl Sl a3 5 hydrolysis 4lexs sucrosedle 4iual W citric acid sle s sing O sl
(© S Ll Apalall 5 palaall aa jl agauls o) | ) d e Adgma 49Y € fnvert 4en) il G

*This change from dextro (before hydrolysis) to levo- (after hydrolysis)
called inversion and the sugar is called invert sugar (equimolecular
mixture of glucose and fructose is called invertsugar) —,

fructosed)s glucosed ¢« lada ¢ S5 hydrolysisd) &) s
fglucosed) (e 353 S| fructosed) L™
glucosed! & e »adl fructosed & H bondsd) 43



CHO

2. Lactose: |

. . H—C—OH
* |t is also called milk sugar |
HO —(13— H
: . _{HO —C—H
» Itisformed of one glucose unit & another one galactose unit™ —T—
|
: ) CH,OH
» Lactose is areducing sugar
D-Galactose

« Usually appear in urine of pregnantfemale

(L8 45 53U ) (Aael)
e Less sweaty( not block the appetite Lactose (appropriate for
infants asit is less sweet and babies tolerate large volumes of milk)

* It canbe digested by lactase enzyme

 Deficiency of this enzyme leads to lactose intolerance whichcause
distension & diarrhea.

(el lactose intolerance ) 25 lactase enzyme J 2 p=dil




p- D-Galactopyranose a-D-Glucopyranose

CH,OH CH,OH
OH | O " Ho | 5 M

H
Ko ot O@Q)H H
A ] )

a oH H OH

Ll W 0dls lellsd caiae 3228 anomeric CJ
reducing iz ¢l (lie | AT (S jay dadi o i

B-1.4 galactosidic linkage



Lactose intolerance

* Lactase deficiency: Y B s s
(%2)e Congenital: due to defect in gene producingenzyme

(—-iSep  Acquired: after surgery in Gltract orinfections
Gl g dadae ¢l ja) azy caagd Sleadl & gl &igas

33 Ll jaan slaa¥) 8 4L ks yiil milk productsd) la s
* Lactose accumulates in small bowel

 Osmotic effect of unabsorbed lactose leads toinflux of fluid

7 4ie paladll g aal Al o (lie slaadl daiy 5 acaghy e Wl
auall o (Bl guall (e 40aS 4xa Ciny osmotic effect Jex

« Symptoms: Nausea, colic, distention and diarrhoea after milk intake
(sodan 5o 40¥) culall Gl amy Gl je Y1 (sla elaiy g



3. Maltose: el S
-1t is called malt sugar
-The main product of digestion of starch by amylase. Ll aas 5 j0as

-It is present in 2 forms :
(a- maltose form) =a-glucose +a-glucose

(B-maltose form) =a-glucose + B-glucose

-1t is areducing sugar

Maltose gives the sweet taste that you feel if you masticate
(chew) bread for alongtime

angy Uiy 7 salivary amylased! il o o 3ad dadad & il Ll
aarks 5 My 28l 7 ) s maltosed sy 5 33l 2 sa sall starchd)



anomeric C € 13 alpha/beta e sil ALyl

a-1,4-glycosidic

inkage a-1,4-glycosidic

linkage

B-orientation
a-orientation

-Maltose

_B-Maltose

, anomeric Cle A free Odle 2aira & guia galld oS yall dpansi 2paal Ll
beta «S_<lé beta 45 alpha «S_<llé alpha s 4l



*»Isomaltose is similar to maltose but the linkage is a-

1,6-glucosidic. It is one_of the hydrolysis products of
starch and glycogen by amylase.

Isomaltose
CH_OH
J o
j OH
OH O
50 ol

OH
OH OH

OH



. . ) Lactulose
daddliall 4 gaY) (gamy 2 g Adelia 2 (Synthetic disaccharide)

(eomed) Sleall Ll ) Gl dis-ordersd!
(25« (nle) tool softener & Jexind g

Lactulose

o HOCH, ©
OH

H HO /
H CH,0H

{

www.biocheminto.com

It is a disaccharide composed of galactose and fructose linked through J 1-4 -

glycosidic bond, linking J -1 galctosyl carbon to carbon number 4 of fructose.

is a laxative used in treating constipation and improving ammonia and bacterial product
toxic load in liver failure patients (~wall (3 INPAY ey

It works by drawing ammonia from the blood into the colon where it is removed from

the body. It is a non-digestible, and therefore non-absorbable

It produces an osmotic effect that retains water in the gut which softens stools



Molecular Structures of Some Important Sugars: Disaccharides

Fruct 2 0] < Glucose > Sucrose
i —I/_ } (table or cane sugar)
Non-reducing sugar

1-a, 2J -glycosidic bond

Bond between aldehyde group of glucose on CA No 1 and ketone group of fructose
on CA No 2, blocks the two groups and hence sucrose 1s a non-reducing sugar.

1 (malt sugar)
ﬁ Reducing sugar

a-1,4-glucosidic bond

Free aldehyde group

\ Lactose
Galactose 1> O K4 Glucose 1
N (milk sugar)

Reducing sugar

J-1,4-glycosidic bond




Di jon of Starch:

Pancreatic Amylase

Salivary Amylase

Starch — Starch, Dextrins, some Maltose — Maltose

Chloride, pH6.8, Time ?! Chloride, pH 8, Time ++

(Mouth) (Duodenum) Maltase

(Small Intestine)

Glucose

Sucrase

Sucrose ﬁ Glucose + Fructose

(Small Intestine)

Lactase

Lactose Glucose + Galactose
(Small Intestine)

N.B: There is no digestion of cellulose in Man as humans lack /—1,4-gluc0sidase the enzyme needed to digest cellulose



Oligosaccharides

3-10 monosaccharide units

(el ALG )
Most are indigestible

Present in glycolipids/ glycoproteins

Raffinose: non-reducing trisaccharide (galactose,
glucose, fructose), fermented by bacteria, used
for their identification



Polysaccharides

« Polysaccharides are carbohydrates of high molecular
weight

* 10 or more monosaccharide units linked by glyosidic bond
* They are widely distributed in nature

* As condensation involves carbonyl group, they are non-
reducing v

CSae Jan AL ol Allbi g Wl N ¢ free O Lsﬁ)u CSan alalle 4 &= non-reducing il
S a6 g Ll Le Llxd (s 3as 5 free O & 5585 o s monosaccharide 100d Jdua s

« Upon hydrolysis by acid or specific enzyme,
monosaccharides or its derivatives are produced.

monosaccharidesd sl , leaa yal polysaccharidesd a jusi 2l auagll dic




» Polysaccharides are classified chemically &
functionally as follows:

* 1- Homogeneous polysaccharides: These are
polysaccharides which give single type of sugar

on_hydrolysis as D-glucose units or D- fructose
units.

38 glucose 4 zin starchd) wsS) Ll (55 had as) 5 (S je s2ic ziy 7 ) at S| L
i)y g 8 e Sl e 453Ul monosaccharidesd) S 43) g aads aa) 5 S e

ides: These are
polysaccharides which give on hydrolysis

different type of sugars associated with other
substances, e.g. D-Glucosamine, D-glucuronic
acid, N-acetyl neuraminic acid. etc.

monosaccharidesd! (s dilida g il Jazy il




#Different homopolysaccharides of biologicalimportance:

* 1-Starch:

- It is the storage form ofcarbohydrates in

plants (never present in animals)
sl (43535 o1 (e Y G gole daagh (Sae

- On hydrolysis, it gives only glucose and soitis
called glucosans.

- It consists of two types of molecules, amylose )
and amylopectin w3 Jlias amylase JI oo s

)

(a3 s¢d ase ahaially giny I (sl)**



r I m

CH,0H SCH,0H CHsOH CH,0H CHy0H

y 0.y y b—o0 w V-—o 4 H /t—o oK A 0. H
H H H H <
OH H | {04 H1 OH H OH H OH H /A
OH 0 o : !
H  OH H  OH H o OH H o OH H  OH \

Long, non-branched chain of 300-400 (up to
1000) a glucose units linked together by a-1,4

glucosidic bond. @il swiis o free 0 4iley il ma €
i o Ledl Lo Wl W L (53 5,300 unit o

Forms 15-20% of the starch granules.

It is found in the inner part of the molecule




Structure of amylopectin

Branched chain of a glucose units linked together by a-
1,4 glucosidic bond while at the branching point, it
forms a- 1, 6 glucosidic bond

Forms 80-85% of the starch granules.

It is found in the outer part of the starch molecule




 Hydrolysis of starch occurs eitherby:

— Dilute mineral acids and called acid hydrolysis
which results in complete hydrolysis to a glucose

units . (e ye/ 5 5all)
— Enzymes as_a-amylase (salivaryf & pancreatic)
which results in partial hydrolysis producing

smaller molecules called dextrins and maltose.
glucose s dextrin s maltose (ax (Sas incompleted!

Salivary amylase Pancreatic amylase
Incomplete digestion of starch Complete digestion

(Dextrin mainly) (Maltose)



« The products of starch hydrolysis occur according to the following
sequence:

« Starch( Amylodextrin (the earliest dextrin produced; blue with
iodinel) ( Erythrodextrin (red) ( Achrodextrin (no colour) (
Isomaltose & Maltose ( Glucose.

, dextrins = salivary amylased! ,starchd! a3 & 53 ) s2ls enzyme (o S

pancreatic amylased G b ce intestinesd duodenumd
glucose J maltased &k e ultimate(complete) hydrolysis (s

 Dextrins are a group of low-molecular-weight polysaccharides
produced by the hydrolysis of starch orglycogen

 Question: which is produced more, isomaltose or maltose?
S5 e il Sl 45y ST Ay 2a) 53 maltosed!
Alalidl Jela e lan 3 35 30 9o gall g-1 4 4dadl
* (N.B.): The difference between maltose and isomaltose in the bond

position asit is a-1, 4 in maltose but a-1, 6 in isomaltose (i.e. at the
point of branching of starch).

It is to be noted that hydrolysis of starch by boiling with dilute acids
ends in the formation of glucose.



2- Glycogen (animal starch):

* It is the reserve carbohydrate of animals, and hence thename
animal starch

 Itis similarin its structure to amylopectin

* ltis highly branched formed of a 1, 4 link and 1, 6 at the site of
branching.

« Eachbranch is made of 12-14 glucose units.
(It has shorter and more numerous chains)

* |nner chains are branched, outer chains are not

* |t is stored in liver & muscle.



Ll branchesd (e (A& 43 il adiag (S
laa Jaa las davin hranches Qs s | 2550 Bas (K1

amylopectin
Glycogen Cellulose
It looks more branchy
than amylopectin StarCh

] sl ¢ il
J:.o.ai L@-AM units 3



Starch (amylopectin form)

OHH H
O w 0HH14———

H C' H H

OH H OH H
OH o

H

0]

a-1,6-glucosidic bond

a-1 4-gluc0s1d1c bond

H O_HH OHH oH
OHH OHH ouH

Starch (amylose form)

CH,0OH

O
OH

OH
OH

CH,0OH

@)
OH

a-1,4-glucosidic bond

Glycogen in animals is a more branched version of amylopectin.

CH,0OH
O
OH
OH

300-600 OH

Amylose was traditionally thought to be completely unbranched, but it is now known that some of its
molecules contain afew branch points.

Although only about one quarter of the starch granules in plants consists of amylose, there are about 150

times more amylose molecules than amylopectin molecules because they have smaller masses.

s eall leana Canan ST a8l 3a aae oS3 8 starchd) @ amylosed! 4 43 a2 Sl

Starch is digested briefly by salivary amylase in the mouth but is mainly digested in the duodenum and

jejunum by pancreatic

amylase in alkaline medium in the presence of chloride ions to gradually break into dextrins and finally

produces maltose.



Glycogen

(storage carbohydrate in
muscles and liver)

Glucose units linked
together



The Homo-polysaccharides glycogen (in animals) and starch (in plants) are
' made of repeated a-D glucose residues linked by a-1,4-glucosidic bonds except
at branch points where a-1,6-glucosidic bonds are found.

glucosed! Ao J sanll agaan (1 Cangll

Glycogenesis in
liver and muscles

Separate a-D-glucose —

monomers Glycogenolysis in

liver (muscles Branched glycogen
produce lactate)

Salivary and pancreatic amylase
followed by intestinal maltase
Digestion

A helical straightamylose

molecule in starch




AMYLOPECTIN
VERSUS

GLYCOGEN

Amylopectin is a branched- Glycogen is the storage
chain polysaccharide, polysaccharide of animals
which is found in plants and fungi

Storage polysaccharide Storage polysaccharide
in plants in animals

A branched polymer Highly branched when
compared to amylopectin

Can be broken down by Hydrolyzed when it is

amylase dissolved in water



Basic Structure for Glycogen and Starch (Amylopectin)

6 a-D-glucopyranose
molecules

a-1,6-glucosidic
bond

a-1,4-glucosidic bond

How the same six molecules
link in a glycogen molecule

CH,O0H
n of
4
0) H o
H (0]
H




Functions of glycogen :

* Liver glycogen maintains normal blood glucose

concentration especially during the early stage
of fasting (between meals)

« After 12 -18 hours fasting, liver glycogen is
depleted

glycogend) e Lo 2y s alaall Clelu J3) 8 aall & Sl (5 sl e Lailay glycogend)
gluconeogenesisd! i s Al 3 ks glucosed) (e abadlaal) dlee alivin) o3

* Muscle glycogen acts as a source of energy
within the muscle itself especially during
muscle contraction.




Fed Early starved |
£ Fasted Late starved |
2 i
©

% |
= — TOtal glucose

g w—— Dictary glucose .
o =~ Gluconeogenesis |
&) .
S == Liver glycogen

0 [
fo‘ |
(a3

0 4h 12h 20h 2d 16d 40d

ua\.&.a‘)!h e)zl) e lgale J ganll o ‘sﬂ\ &ucosed\ A (ki aluall (il Lo asy
oml 7 ala (s Al (s (e (sl 4l [iverd) G2 25m 54l glycogend) (il <
o523l gluconeogenesisd) i Ca
[;u;f Jiay oy ) JS* ] glucosed! 4w Gl e ddadlall




3- Cellulose:

* |t is long unbranched polysaccharide of p-
glucose units linked together by b
1,4glucosidic bond

e |t Is the main structural molecules in cell walls
of plants. Cotton is almost pure cellulose

 Many mammals including humans cannot
digest cellulose of diet because of the absence
of digestive enzyme that attacks p-linkage.

( b 1,4 linkages are not hydrolized by aamylase)




* The presence of cellulose in diet is important
because it increases the bulk ofstool (5/>4)

(Increase stool thickness)

* This stimulate intestinal peristalses & prevent
constipation (laxative) .. s s s wa -, stoold Ll s eyl i< a ia
& sl Lgia Galidll oy ) Lnaliaial sale ) o (Kae S A il el Cline s debiadl o) gall 28 L

 Cellulose is a constituent of dietary fibers. These
fibers help in decreasing absorption of toxic
compounds and reduce the incidence of cancer

COION o il iy i Jm 5 € 436 (| mnings s Lo 43 oo
Oa ) Clinia 5 Aalial) LS jall Galiay 40 ddlaYl | @lliay) &gan

» Cellulose can be utilized & serve as a source of
energy in herbivores because their gut contains
bacterial enzyme that can attack p-linkage.

bl 5 (ailiall ce Lo alize i lie | Lol lan aga sed (lie V) alT) il pall 4l L
daas e 38l laaie



The Leaming App

Source Plant Plant Plant Animal

Subunit B-glucose a-glucose a-glucose a-glucose
Bonds 1-4 1-4 1-4 and 1-6 1-4 and 1-6
Yes Yes

Branches No No (~per 20 subunits)  (~per 10 subunits)




Cellulose Structural Units: the units for cellulose are made of ) -D-Glucopyranose molecules
linked by J-1,4-glucosidic bonds.

J-1,4-glucosidic bond

Glucose
Cellulose is a scaffolding polysaccharide found in plants as microfibrils (2-20 nm diameter and 100 - 40 000

unbranched 4 (» a& b
These form the structurally strong framework inthe cell walls g 53 5 il Sall (a5 5l danids v

nm long)

Due to extensive inter-chain and intra-chain hydrogen bonding cellulose is not water soluble

It is a straight chain polymer: unlike starch, no coiling or branching occurs, and the molecule adopts an

extended stiff rod-like conformation. with high tensile strength.




Cell Walls

Cellulose Fibers

Macrofibrils

Cellulose ©
Molecules

. _‘j \/ Fibers
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