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Carbohydrates
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~General characteristics

(C) &3S (H20) 78l (14 sla gelluaal)

The term came from the hydrate (H20) of carbon (C)

n(CH20) :4alal) disall 1! %3&\@ L){,.Q\ .
N Calwo O

It has the general formula (CHZO)@/; s cjucss

Tal) 55 by ) i (353
The most abundant compounds found in nature

ABal) ¢ Al A8l jhuaaS padicd

Used as source of energy and energy storage

aunde|

Signg a3 () Lehisad (S

Can be converted into fats and proteins

Ripese ~ A 991 g cilisalipdl) g cilisal) (1 685 B daga

Important in the formation of genes, vitamins and drugs

Participate in biological transport

G
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Classification of carbohydrates

(el el ga)
)b (lalad (el (B

> Monosaccharides:
> w4  Trioses, tetroses, pentoses and hexoses
> Examples: glucose, galactose, mannose, fructose
(Al el S)
el Al ya gl iy S 2
> Disaccharides: 2 monosaccharides covalently linked (e.g. Sucrose,

maltose, lactose)

> Oligosaccharides: s 0 9t
> Tri, tetra, penta up to 9 or 10 units covalently linked
BUJ:L.’—K)L{/LC
> Polysaccharides or glycans ks 4 45

@MWJJ ALt
N
> ... Complex carbohydrates (nucleic acid, glycoproteins, glxcdlipids, ...etc)

> zx-= Simple polysaccharides (starch, glycogen, amylopectin)



Classification of carbohydrates

» Monosaccharides:
» Trioses: glyceraldehyde.
» Tetroses: erythrose.
» Pentoses: ribose.
» Hexoses: glucose, galactose, mannose, fructose.

CHO CH,0H
CHO HCOH cC—0
CHO HCOH HOCH HOCH
CHO HtOH HCOH HCOH HCOH
HCOH HCOH HCOH HCOH HCOH
CH,OH CH,OH CH,OH CH,O0H CH,OH
Glyceraldehyde Erythrose Ribose Glucose Fructose
(triose) (tetrose) (pentose) (hexoses)
s
H°c|H2/°\(|’H Glucose Galactose Mannose Fructose
0 4'C cY
l\T3' 2T/| cn OH CH,0M CH,OM oy
- B H C o C H " ) "/ )
OH OH (I)H (l)H O M o M @ 2 " "
Erythrose Ribose
» Monosaccharide are either aldose or ketose
e D e
Qw\@s whe

Monosaccharides

* Numbering starts from anomeric carbon

Gl sl o
(C) — e
(REEREWE)

anomerlc
carbon

6
C O Why Is It Special? | $ysas 92 il
H 2 Basdpailai3d

FYWNEY] ol
Bylaginl Sl i, (IS lany
D - Galactose =
reducingsugarssas2  Jgak £.=3aQH
gt Sl Ayl 3503 o Sls Sl oy T 0ic
153 oS e (CHO) sua i degane s Taiions Aales 5 Ll (5 35S5lad1
C5 sle ssaskl OH ga Jelis CT ol s 35Skl sy Losie

salall 3z ] daal
+Clauic 58 C=0 (aauli) ﬂ
aﬂ-m&m\ e
Glall a3 5] G 0555 oy 52l OH Sl aine
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Monosaccharides

Either aldose or ketose

M= K@QOSC

H (@)
\ /
C CH,OH
Monosaccharides
H - C - O H C — O > Either aldose or ketose
Aldose Ketose
HO—C—H HO—C—H o
G ‘ ,0H
NG I S
H—C—OH H—C—OH S e —
I |
—6— e ,
H—C—OH H—C—OH e D Sucices
Ur:"{’t"!rl s
()
CHZOH CH2OH D03\ 50t ot

D-glucose D-fructose



Glycosidic bond

g g oyl Al ST

For di- and polysaccharides -

Can form O- or N-glycosidic bond

.. b 0L
P”]\j\@'}’ /VWMQA& /)ﬁi

. | Carbon 4 of
glucose

Carbon 1 of
galactose

O\Wgﬂc@'ﬂ/bm’\ _30_.1 *
9
@&s@aMWW

o | HO
e HOH
R G&}%s‘-&t b
® (W) SAyeosibic beud.
¥ dadiles OH Glycosidic OH

| Lactose: galactosyl-f(1—4)-glucose
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Disaccharides

Maltose (Js5ille): (A S ga
D gla Ayl o (g gy
a(1—4) o2 C1 - C4 OH
SsSslad iy 3a o

Maltose: is a disaccharide with an a(1 - 4) glycosidic link between
C1 - C4 OH of 2 glucoses.

Cellobiose (Jszsk): .59 (o S Ly 5 5 SAl) (i g2
B anomer (o G C1 o3 058)e A sSila Aai) 3 1 a9 B(14).

Cellobiose: is the otherwise equivalent b anomer (O on C1 points
up) linked by b(1- 4) glycosidic linkage

Sucrose (35,54): Ja 5 L gSla Al ) o (g giag (il sailall Su
a(152) 52 bl g 5ig ¢ 555,89 558 slall anomeric hydroxyls -

Sucrose, common table sugar, has a glycosidic bond linking the
anomeric hydroxyls of glucose & fructose. the linkage is a(1[]2)

Lactose (J55SY): JsSsba + J588¥a O 03Sa cqulall jSauc
5l anomeric OH ) ¢ B(1—4) A s

Lactose, milk sugar, is composed of galactose & glucose, with
b(1[]4) linkage from the anomeric OH of galactose.



Disaccharides

Maltose: is a disaccharide with an a(1 - 4)
glycosidic link between C1 - C4 OH of 2
glucoses.

Cellobiose: is the otherwise equiva
anomer (O on C1 points up) linked by [3(1 4)

(G102 g =

CHOH CH20H

Q Q o

maltose

‘CH,0H °CH,0H

H > —o0 H > 0 OH
H

H
1B

‘NOoH H WO oOH H
HO 3 2 H 2 H

)

H OH H OH

Glucose Glucose
glycosidic linkage Cellobiose
zitd L CH,OH 1
Sucrose, common table sugar, has a if—an 0. cmon
glycosidic bond linking the anomeric OH H ; A
hydroxyls of glucose & fructose. the linkage HO ks A
is (1(1—)2) v SGaer H o OH OH H
Yejﬁ“ﬁ p 2% Sucrose
oM [ CH,0H
Lactose, milk sugar, is composed of ‘T i
galactose & glucose, with (1—4) linkage -1V
from the anomeric OH of galactose. W on N o
galactose glucose
maltose
@bl g gaa il
SSedl Gl o<t Ayl Reducing? ojuas
Maltose Glc+Gle  a(1>4) ax Laill auia
Cellobiose  Glc+Glc B(124) au olgaled!
Sucrose Glc+Fru  a(1>2) ¥X sl S
Lactose Gal+Glc  B(1>4) ax sl
e

7 0 931 (50 Y y 4 3500 90 39,5
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Polysaccharides
Lt koot £l iy 2oy
> Plants store glucose as amylose or amylopectin, glucose polymers
g

collectively called starch.
4 ganl) @500 (T &y sal g2 5 ) g o Jsssladl Gusas . . = . =
> Glucose storage in polymeric form minimizes osmotic effects.

L (1—4) g GsSstall e paslsr 58 5 slad)

> Amylose is a glucose polymer with a(1[]4) linkages.
> The end of the polysaccharide with an anomeric C1 not involved in a
glycosidic bond is called the reducing end. -« oo mu v
CH,OH %CH,0OH CH,OH CH,OH CH,0H

H O H H S O_ H H O_ H H O H H O _H
H H H H H
OH H J & OH H | OH H OH H OH H
OH O g 0] O @] OH
3
H OH H OH H OH H OH H OH

amylose



Sugar isomers

Al Aipaall (it Lgd A S yal) ZJLXLL;
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> Compounds with the same chemical formula are called isomers.
2\)’/) |, BassaBasls 058858 dss (configuration) T)m'ﬂ‘ b Aaal QQM' O GlaSlaa CALEA) 1)
aguazd Epimers ¢l siad Lagild ¢ (Jaﬁuﬂ‘@w Qg S 1 Le)
> Epimers: If two monosaccharide isomers differ in configuration
around one specific carbon atom (with the exception of the carbonyl
carbon), they are defined as epimers of each other. Plbgigad o
<(enantiomers) Leguatd 3130 ;5 (6 3 e by Sudll (3 .95 S 1)
. . . L-sugar s D-sugar = Lagia 2alg JS ol
> If a pair of sugars are mirror images of each other (enantiomers),
the two members of the pair are designated as D- and L-sugars.
M’/é @' %Mf ind in protei of
galactos glucos Mannose coatyrae
€ CHO e 51 | /\
| HO ‘ @)
HCOH sl ' G o
HOCH > H-C-ON RO [ Ho T on | o O
223 HQ-C-H HOCH | | W
HO-CH =t ! 1 HO _H H- OH
HGOr COOH  Haca | | ool Lo
5 ‘ corz N,
7 i H-*C-OH HCOH o ‘Guu;OH
Os

EIFLE I :
CHoOH “CH,0H Soey | | ™ |

epimer epimer



Galactose

Glucose Mannose
CH,0H chzon
O\ W/ AW
/o N/
H OH H 0201
galactose glucose _ Mannose
o ' CHO
iy —)u—*gr-'gu HO-CH .
HOCH e Skt . Glucose and galactose are C4 -epimers.
HO-CH <— oo HgggH Glucose and mannose are C2-epimers.
HoOn H~*C-OH HCOH
CH,OH “CH,OH CH,OH Mannose and Galactose are not eglgers.
epimers epimers OXah Wr%ﬁ’dz \F‘r}gs\ e
Glucose  Fructose

H .
Glucose and fructose are isomers, but

CH.OH not epimers * -
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Cl ole OH g g0
a”  (below) Glall s

pb (above) dlall &g

>

vV

C-OH I C=0 5e Js=u CT1 L
iopala3l (g (oS5 5 Sasanll OH Jl sis

b ldighl

a-glucose
B-glucose
&4 (anomeric carbon) gussi 058 038U «(cyclizes) Als J8& ) Sl Jsati Latie
.(ketose) S5l & (150l de sana i (aldose) SV B 302V Ao sana

When a sugar cyclizes, an anomeric
carbon is created from the aldehyde
group of an aldose or keto group of a
ketose.

Jelil &ua «(intra-molecular hemiacetal) s g Ja)a Jlml e (13 558 slal)
43%a (pyranose) Jsi 4ila ¢p ol C5 Lie OH 46 gazs ga C1 2o 38311 4o gana
pyran () & Spang plasl 6 0a

Glucose forms an intra-molecular
hemiacetal, as the C1 aldehyde &
C5 OH react, to form a 6-member
pyranose ring, named after pyran

S o) Qa8 e s S 135 B sl 0 sDSE AT (S o (Sar gl 1R
L(reducing sugar) J3ia jSu s jSad) 13 (b AT S 5 (b Jasi e

This carbon can have two
configuation, a or . If the oxygen on
the anomeric carbon is not attached to
any other structure, that sugar is a
reducing sugar ., _.c.., .

a (OH below the ring)
b/(OH above the ring).

BAG,, o f W %

a and 3 sugars

O
(HO. M i oo
| H-C-OH| HC-OH  H-C-OH |
HO-C-H O HO-C-H ZHO-C-H O |
H-C-OH H-C-OH  H-C-OH |
H-C H-C-OH  H-C——
H-C-OH H-C-OH  H-C-OH
H 2 - -
B-p-Gluco- p-Glucose| -b-Gluco-
pyranose pyranose
CHoOH
=0
MO Homge, \CH,0H
H—C—OCH sKCH HO 2
H—C—OH HYT =7 OH
OH H
(CHOH

D-fructose (linear)  o-D-fructofuranose



a and [3 sugars

~ 5
H\a‘/o
1%
| CH,OH
2
H—=C —OH ; | Y <
3| I~ "W A
HO—C——H - = T\OH H/C\;‘
| |
4 I HO . w—
H—C—OH | 1
I ) H OH
H—2Cc —0H
| Groups on left side are facing
e upwards, while groups on the
A upon | down on i ;
Pocr P the ring | the ring right are facing downwards

[Leffside : [righfside % wme b vy
) L D-Glucose ﬁ%ﬁj
3’;'\;-%\}% X

I(i,‘HZOH
z(|3=O
HO—3(|J—H
H—C—OH
y
H—C—OH
|
+CH20H

D-fructose (linear)  o-D-fructofuranose

Tl
M

(|:H30H \

T
I\?H |/|
°

. w—

| H
H OH

H

B-D-Glucopyranose

(hemiacetal of D-glucose)

Pyran

e
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Digestion of carbohydrates

“mouth

breaks a-1,4 glycosidic bond

0-1,4 Aot slal) A ) iy 531 plall) g-amiylase a3 Aad g2 adl) (B < jan g S0 auad fay

Digestion of carbohydrates begins in the

by salivary a-amylase enzyme which
oll bk R (1-Q wad pud

Agllal) Aia gand) Cusea Jlanty Sulaa¥) a3 oY Barall B aagl) i g

The digestion stops in the stomach
the amylase is inactivated by the high acidity

because

further digestion of carbohydrates by
pancreatic enzymes occurs in the small
~intestine by pancreatic amylase

by 35) Adaaad 5 iy 59 S0 auda (a8 3al) ity
e A 3 R plaa¥) o (b S0
S

:(Cellulose) Jshiud)

() s A S84 Cian g m 03 a3 08 B 2
A Y 5 gbud) 3 (cellulase ) gha) sl a5 e o 55908 a3 48 L L) 255 gl Slgall
Sl (on Audaalal (5 ¥ (s (tal S Ser) momosaceharides o s e s a4l Lasy

MOUTH

Starch
Lactose !
Sucrose:
Cellulose

SMALL |:
INTESTINE |!

to
LIVER

R

Portal |
circulation|.

Glucose
Fructose
Galactose

| Cellulose
M\A\\ﬁ@‘b V‘)\ Lo Al

ot e membrane-bound

PNLu&S

Starch‘déxtrins
Isomaltose
Maltose
Lactose
Sucrose
Cellulose

Low pH
stops action
of salivary
amylase

Pancreatic”” 5
a-amylase
> |
[
{—m—-
‘Maltose
Lactose
Sucrose

Mucosal cell

enzymes:

(isomaltase+
maltase —
laciase
sucrase),~
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Absorption of monosaccharides

The duodenum and upper jejunum absorb

the bulk of the sugars.

gmp“ {\J:QSA"\'-C

L=

(upperjejunum)aiall (a s sl ¢ 52 5 (duodenum ) e U a5k
il Sl alina (aliaialy

laa¥) LA Aad g 598 shad) palalad 55 i Gl sy

Insulin is not required for the uptake of

glucose by intestinal cells.

(Rila Uiad At Aglany hlaall pLERY LA L) 508 sladl g 5 sSsiad) (i oy
b ) (b (B a gad gaaall il gl JgAa llai g caana U (i g Jadig

galactose and glucose are transported to
the mucosal cells by an active, energy- = 5| [gwrs!
requiring process that involves a specific m

transport protein and requires a concurrent v
i

uptake of sodium ions.

Fructose uptake requires a sodium-
independent monosaccharide transporter
(GLUT-5) for its absorption

<) T-1

8 Aalal il S B ling S pabiaal
GLUT-5 sp5psaipall (Ao saira

—

Glutone
nxtose Galactose

Na*
SGLT-1

)

A s g L 2 (54 e ] NS

Circulation
L&

GLUT-2

Brush
border
on luminad
surface
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Abnormal degradation of disaccharides

St i i O o1 (18 Yl Sl LI (458 pabuatel) oY
A g i SR GO e sl Rl sLIAY L (disaccharidase) Al
Adagdal) plaal)

> Because predominantly monosaccharides are absorbed,
any defect in a specific disaccharidase activity of the intestinal
mucosa causes the passage of undigested carbohydrates into
the large intestine.

sy ball ety (G 5 samd Al 3 gall 038 353 9 Aaii
U gl Vi) oy Lad AR BRI AN el )

> As a consequence of the presence of this osmotically active
material, water is drawn from the mucosa into the large
intestine, causing osmotic diarrhea®

(G gl Andis Uil (2 5) (19208 3 0I5 g 010 (10 (g 58T S pa () ol j 530S (5 (A5 Lad Ly ) el apany el 319
(L) e 5 i) ¢l paia sy (H2 5 CO2 & (a b Claal il Laa

> This is reinforced by the bacterial fermentation of the
remaining carbohydrate to two- and three-carbon compounds
o (which are also osmotically active) producing large volumes of
v "CO2 and H2 gas, causing abdominal cramps, diarrhea, and
” flatulence, o
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Abnormal degradation of disaccharides

dadalgl) clag 3y (als

Digestive enzyme deficiency

Lactose intolerance: lactase deficiency

(5aSaY) 5a % 10) JoSed) S B JIA :Tsomaltase-sucrase a i) al

|Isomaltase-sucrase deficiency: defect in
sucrose degradation (10% of eskimos)

Measurement of hydrogen gas in the breath
is a reliable test for determining the amount of
ingested carbohydrate not absorbed by the -

bOdy a3 e o) 58 biligpbnmgpsgiiegiigahi Gk e AL i i s %
anal) B Lguabiaial ol al ) &) ghital) i jasm 0 S0 dsaS \fjfﬁ\'wsk%kﬁﬁ/‘@\&ﬁb_s‘bhl
v

S ey Zosnp il b9 G

Sl

>
>
>
>
Dbcos | Duexc | e
Lodose | Judse wdebce | Db | Modus”
| somilse, =Sl | suoese sheletice | Drairhes oo s

(IoF eskik)

Lactase
deficiency

SMALL INTESTINE

' Lactose/

o

Galactose
+
Glucose

LAFIGE INTESTINE

%y Lactose ‘ H, can be
| measured {

| in the breath|
BACTEFHA

// N

li
metabolites co, 3.Catbir

metabolites H,0

BLOATING
DIARRHEA
DEHYDRATION




Topic

General formula
Aldose vs Ketose
Anomeric carbon
avsf

Reducing sugar
Sucrose

Epimers
Glucose/Galactose
Glucose/Mannose
Starch vs Cellulose
Glucose absorption
Fructose absorption

Lactose intolerance

Key Point

(CH,O)n

C=0OatClvsC2

New chiral center when ring forms
-OH down vs up

Free anomeric -OH
NON-reducing (a1->B2)
Differ at ONE carbon only
C4 epimers

C2 epimers

a(1->4) vs B(1>4)

SGLT-1 (active + Na*)
GLUT-5 (facilitated)

Lactase deficiency - H, breath test



