Carbohydrates
Metabolism

Dr. Diala Abu-Hassan

Review of Carbohydrates
Digestion and absorption of carbohydrates

Suggested Readings:
1: Lippincott's lllustrated reviews: Biochemistry
2: Marks’ Basic Medical Biochemistry
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Examples of monosaccharldes found in

Kerone  Sugar -~ dihydrowy acecon center .
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Generic hames Examples
3 carbons: trioses Glyceraldehyde:.:

4 carbons: tetroses  Erythrose

5 carbons: pentoses Ribose

6 carbons: hexoses  Glucose

7 carbons: heptoses Sedoheptulose
9 carbons: nonoses Neuraminic acid
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* Remember:  Anomeric carbon — 1 in Aldoscs -

— 2 in  Kevoses

Sugars have Isomers

Epimers are isomers:
Changing the orientation of
one hydroxyl group will produce
a different sugar

Glucose and Fructose are
iIsomers

L
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Mirror images. | same  moleculk D —in our booly .
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Enantiomers
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Alpha and Beta Sugars (Anomers)

NOT &rable:
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H The most  Stable  glucase.
o~-D-Gluco- D-Glucose [3-D-Gluco-
pyranose pyranose

https://mysciencesquad.weebly.com/ib-hl-23a1--s1-cellulose--starch-v-glycogen.html



Disaccharides

Sugars made of two monosaccharide units joined by a

glycosidic bond

CH,0OH CH,0H Carbon 1 of | | Carbon 4 of
galactose glucose
O O
OH OH
OH O OH o |
OH OH O—KoH !
Maltose: a disaccharide OH Glycosidic OH

made from two glucose
units

* SUCTO&e — < Glucose (12) B Fructose.

bond

Lactose: galactosyl-3(1—4)-glucose



Glycosidic bond is cleaved by
glycosidase enzyme
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Recognizes oc(1=4) bond

berween 2 Glucose residues.
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Mucosal cell membrane-bound enzymes

Isomaltase a 126
Maltase a 12> 4
Sucrase al->2
Lactase B 12> 4
Trehalase a 121
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«made o a single pay pepride Chain , encoded

‘ by a single gene. Bur- will be cleued Jore
R s . =
/( S— ....| Sucrase-isomaltase complex and
Joo0
g et Glucoamylase
OZ:( f Sucrase
c oo

) .

o ot | IO * Sucrase + isomaltase

MALTOS, i oy v . ) )

R ) Single protein = complex

oo , of two associated subunits

) o
- ) |somauase<\-5ucrase-maItase
o=
o= - Isomaltase-maltase
! ~ > 7 Together 80% of the
boo C ti . s
oo segment (stalk) maltase activity
1\ T b .
|1/ segment = * Maltase + exoglycosidase
o ] (glucoamylase): no split
ore Sucras&]rﬁgﬁz;;“iw Cytoplasmic The same as oo . But NO poseandorong | 1
isomaltase|io) oo dOMAIN chanvagg gmenc-
: Q,hfm,\d 3ab s Mde:gof“‘



Sucrase-isomaltase complex

FIG. 27.5. The major portion of the sucrase-1somaltase complex; containing the catalytic
sites, protrudes from the absorptive cells into the lumen of the intestine. Other domatns of
the protetn form a connecting segment (stalk) and an anchoring segment that extends through
the membrane nto the cell. The complex 15 synthesized as a single polypeptide cham that 15
split nfo 1ts two enzyme subumts extracellularly. Each subumit 15 a doman with a catalytic
site (distmct sucrase-maltase and 1somaltase-maltase sites). In spite of their maltase activity,
these catalytic sites are often called just sucrase and isomaltase.



Clinical Hint: Abnormal Degradation of disaccharides

1. Sucrase-isomaltase deficiency:

e (Causes:

- Genetlcs — mutarion — dfegereﬂ%‘ Qﬂ/ng. _, depends on—> +he focarion of 4he ruarien.

_Vike in chron’s disease.

— Variety of intestinal diseases| bee & e oan - 22
—_ Malnutr|t|on—> NO  substrare Fr the encynes.

» Moy be oamecti“?r\%t ooooooooooo F\b&o prion
torion -Hm:. may will  be
— Injury of mucosa i.e by drugs] 2 R
o, Bood W complete food + sugars

? alony tire

— Severe dia rrhea} ”"“\ 1 X
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Clinical Hint:/Abnermal Degradation of disaccharides

2. Lactase deficiency: 2 world’s population
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FThe transferre of - ] s QM;\AQ
Absorption of Sugars R S

Cell
membrane
Polar molecules can not diffuse = .
A: Na —mdependent faC|I|tated i
diffusion transport =t O —0

GLUT 1--——-GLUT 14325 5o

Glc. Movement follows
concentration gradient

Two conformational states

These sugars
should be Kept inside ¢— CH.OH O

t”e”?*hwweﬂk % =L
= Ligand (glucose)
high 'l
aeu CImrfnth nisms Bax v HO oH




Na* monosaccharide cotranspoerter system (SGLT)

e Against concentration gradient (requires energy).

Lumen
Na* - Polar

* Small intestine:  wcosaisae ?“‘*YGa'acwse oels-
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Pentose - Phosphate  path
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i@, Nat*-glucose cotransporters X@ Facilitated glucose transporters CS) Na* K*-ATPase
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* For glucose and galactose absorption
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some emp‘es oe G(“k g - ] Al are tmgg\bg&?ez proteins

Table 27.5 Properties of the GLUT 1 to GLUT 5 Isoforms of the Glucose
Transport Proteins

Expressed in cell types with barrier
functions; a high-affinity glucose
transport system

Human erythrocyte
Blood-Dbrain barrier
Blood-retinal barrier

Blood-placental barrier

. Blood-testis barrier
GLUT 2 z0easemee Liver high-capacity, low-affinity transporte
Glucose, suwwci  Kidney May be used as the glucose sensor in
galactose  Pancreatic g-cell ncreas
and fructose Serosal surface of intestinal (Basolateral surface)
mucosa cells
GLUT 3 Brain (neurons) < Major transporter in the central nervous >
SySterT, Stem
GLUT 4 Adipose tissue e e - < "< TnsUliN-Sensitive transpoerirrthe
Skeletal muscle .., o presence of insulin, the number of
Heart muscle oo GLUT 4 transporters increases on the
e cell surface; a high-affinity system
GLUT 5 Intestinal epithelium dﬁ?@is actually a fructose transpFD
Fructose Spermatozog -« s Na independent

found on ER . . . .
GLUT 7| == Glucogenic tissues at endoplasmic reticulum membrane




Cell membrane

Glucose
transporter

< Insulin ZB
Receptor ‘o (\/) M

f/“”zmi&ztz*n Insulin stimulates transport
83 of glucose into muscle and
ZE / adipose tissues
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