Metabolism of mono and
disaccharide
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Glut 5is the transporter for fructose

Metabolism of fructose

» The major source of fructose is the disaccharide sucrose, which,
when cleaved in the intestine, releases equimolar amounts of
fructose and glUCOSG aolutil wie g3l g5l alSadl S 50 35555l iy yacaall <
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» fructose is also found as a free monosaccharide in high-fructose
corn syrup (55 percent fructose/45 percent glucose, which is used to
sweeten most cola drinks), in many fruits, and in honey.
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> Entry of fructose into cells is not insulin-dependent and, in contrast
to glucose, fructose does not promote the secretion of insulin.

o 9l 3158 59858l a3 GeSeladl uSe leg ol gl e sazey 3 LU JI 39858l Jo5-8 <

_v
Fructose
v
ametll o gl { | Fructo 1-P pathway J!
PR /—G yceraldehyde T se
R_|Glyceraldehyde 3-P <. Dihydroxyacetone P
. *




Metabolism of fructose
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Phosphorylation of fructose: by hexokinase or
fructokinase (found in the liver, kidney, and the
small intestinal mucosa). and converts fructose
to fructose 1-phosphate, using ATP as the
phosphate donor

Cleavage of fructose 1-phosphate (byaldolase
B) to dihydroxyacetone phosphate (DHAP) and
glycerolaldehyde. DHAP can directly enter
glycolysis or gluconeogenesis, whereas
glyceraldehyde can be metabolized by other
pathways
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Metabolism of fructose
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Kinetics of fructose metabolism Con !zl s oe lossdl s dues 2 st sl ol o6

The rate of fructose metabolism is more rapid than that of glucose
because the trioses formed from fructose 1-phosphate bypass
phosphofructokinase (the major rate-limiting step in glycolysis).

Intravenous infusion of fructose elevate the rate of lipogenesis
caused by the enhanced production of acetyl CoA.
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fructokinase deficiency:‘benign condition 47’ %7 L

Hereditary fructose intolerance (HFI): a severe disturbance of liver
and kidney metabolism as a result of aldolase B deficiency. Fructose
1-phosphate accumulates, and ATP and inorganic phosphate levels

fall significantly, causing hyperuricemia, ‘hypoglycemia, vomiting,
jaundice, hemorrhage and hepatomegaly.

If fructose was not removed from the diet, liver failure and death can
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Diagnosis of HFI can be made on the basis of fructose in the urine
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Glucose 6-phosphatase

(
GLUCOSE i

P;
SUCROSE j > FRUCTOSE

Sucrase

@Slyig fructokinase Ju J5 g jlo 13l Lo
urine JU 4o jalses yadan ¥ @Sl 131 gsle 592548

ATP

=SSENTIAL FRUCTOSURIA

® Lack of fructokinase.

® Autosomal recessive (1 in 130,000
Dirths)

® Senign, asymptomatic condition.

® Fructose accumulates in the urine.

ADP

=EREDITARY FRUCTOSE INTOLERANCE
("FRUCTOSE POISONING")

® Absence of aldolase B leads to intracellular
trapping of fructose 1-P.

® Causes severe hypoglycemia, vomiting,
jaundice, hemorrhage, hepatomegaly,
and hyperuricemia.

® Can cause hepatic failure and death.

® Therapy: Rapid detection and removal of
fructose and sucrose from the d_iet.
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[7 Metabolism of fructose —
A
(?HO
E. Conversion of mannose to fructose 6-phosphate -
Hexokinase phosphorylates mannose, producing T A
mannose 6-phosphate, which is (reversibly) -\
), Isomerized to fructose 6-phosphate by ol
phosphomannose isomerase. ot
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F. Conversion of glucose to fructose via sorbitol e
A. In seminal vesicles, glucose converts to sorbitol by "”""’g
Cwestness aldehyde reductase followed by oxidation of P
andvery  <—S0rbitol by sorbitol dehydrogenase to produce rel
potar fructose. This Is necessary in seminal vesicles as e
fructose is a major carbohydrate energy source.
B. In hyperglycemia as in uncontrolled diabetes B “ouev©
glucose enter these cells (retina, lens, kidney, 2
nerve cells) convert to sorbitol which will be trapped == | *
inside the cell, leading to water retention due to (elevated) [~ |
osmosis. cataract formation, peripheral neuropathy, = N
and vascular problems leading to nephropathy and <A~ Sorbitol
retinopathy. o %
M0




Galactose metabolism

The major dietery source is lactose (in milk) (=5 el Jisoed

Phosphorylation of galactose by galactokinase to'galactose 1P
using ATP as phosphate donor 5953 ] SlSsiSile dslsy 3oLl byaus

Olawgal) 25leS ATP plasialy Olawgs-1

Formation of UDP-galactose by exchange with UDP-glucose. The
enzyme that catalyzes this reaction isigalactose 1-phosphate
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Galactose metabolism
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C. Use of UDP-galactose as a carbon source for glycolysis or

gluconeogenesis. UDP-galactose is then converted to UDP-
glucose by UDP-hexose 4-epimerase.

D. Role of UDP-galactose in biosynthetic reactions: can be utilized in
many metabolic pathways as in biosynthesis of lactose,
glycoproteins, glycolipids, and glycosaminoglycans.
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E. Disorders of galactose metabolism

A. classic galactosemia: Galactose 1-phosphate uridyltransferase is
missing and so galactose 1P and galactose accumulate in cell
causing a problem similar_to that in fructose intolerance
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CLASSIC GALACTOSEMIA

| ® Uridyltransferase deficiency.

! ® Autosomal recessive disorder (1 in 23,000 births).
® |t causes galactosemia and galactosuria, vomiting,

_ GALACTOKINASE DEFICIENCY || diarrhea, and jaundice. ;
i ® This causes galactosemia and ® Accumulation of galactose 1-phosphate and galactitol |
| galactosuria. ] in nerve, lens, liver, and kidney tissue causes liver
® It causes galactitol accumulation || damage, severe mental retardation, and cataracts.
if galactose is present in the diet. || ® Antenatal diagnosis is possible by chorionic villus
— = sampling. I

® Therapy: Rapid diagnosis and removal of

NADP*
SaleHo) galactose (therefore, lactose) from the diet.
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- reductase
Galactokmase < 3
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ALDOSE REDUCTASE ATP ADP Galactose 1-phosphate ;
® The enzyme is present in : uridyltransferase UDP-Glucose

liver, kidney, retina, lens, nerve | pyrophosphorylase
tlssue Seminal vi vesicles, and ; /\\
ovaries. . LACTOSE<——— UDP-GALACTOSE Glucose 1-P oie

® |t is physiologically unimportant :
in galactose metabolism unless | / iPhosphoglucomutase
| galactose levels are high (asin | UDP-Hexose
. galactosemia). : ¥ 4-epimerase Glucos\e 6-P
| @ Elevated galactitol can cause ; / /' /' Glucose 6-phosphatase (liver)
' cataracts. 3 GLYCOLIPIDS M
i GLYCOPROTEINS =

" GLYCOSAMINOGLYCANS UDP-GLUCOSE GLYCOLYSIS GLUCOSE ’




[ GALACTOSE METABOLISM DEFICIENCIES - EFFECTS & CLINICAL MANIFESTATIONS J
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1) ALDOSE REDUCTASE DEFICIENCY

Enzyme deficient: Aldose reductase

What happens?

» Impaired conversion of galactose — galactitol,
especially in tissues where the enzyme is present
(lens, retina, kidney, nerve, etc.).

What accumulates?

+ Galactitol accumulates in tissues.

Why is it harmful?

* Galactitol is osmotically active — draws water
into cells — cellular swelling and damage.

What does it lead to (clinical effects)?

e Cataracts (especially in children)
@ due to galactitol accumulation in the lens
causing lens fiber swelling.

* Renal problems
(impaired kidney function).

Lt * Neurological problems
f (peripheral neuropathy, developmental
delay in severe cases).

Key point:

|t is less common and usually occurs when galactose
levels are high (as in galactosemia).

2) GALACTOKINASE DEFICIENCY
Enzyme deficient: Galactokinase '

What happens?
» Galactose cannot be phosphorylated to galactose-1-phosphate.

s |t is diverted to the aldose reductase pathway.

What accumulates?

+ Galactose and galactitol.

What does it lead to?

P at
|"' ﬁ ) Mild form of galactosemia.
A\

* Usually presents in infancy.

Symptoms:
* Feeding intolerance
* Vomiting
= Diarrhea

-

Jaundice (mild).

* Poor growth and failure to thrive
(in severe cases).

G
R
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» Because galactose and galactitol accumulation
are toxic to cells.

b

3) CLASSIC GALACTOSEMIA

Enzyme deficient: Galactose-1-phosphate
! uridyltransferase (GALT)

What happens?
* Galactose-1-phosphate accumulates.
* Galactitol also increases.

Why is it harmful?

+ Galactose-1-phosphate is toxic — interferes with
normal cellular metabolism.
* Galactitol causes osmotic damage.

What does it lead to (severe symptoms)?

* Liver damage — jaundice, hepatitis,
liver failure.

@ * Severe mental retardation and developmental

delay.

» Cataracts.

[

f. » Kidney damage.

* Failure to thrive.
e

« Vomiting, diarrhea, poor feeding.

Why?

+ Because toxic metabolites (galactose-1-phosphate
and galactitol) damage multiple organs.

SUMMARY COMPARISON

Aldose reductase deficiency
— Galactitol accumulation in specific tissues

— Cataracts, renal & neurological problems.

Galactokinase deficiency
— Galactose + Galactitol accumulation

— Usually mild: Gl symptoms, jaundice, poor growth.

Classic galactosemia (GALT deficiency)
— Galactose-1-phosphate + Galactitol accumulation

— Severe multi-organ damage (liver, brain, kidney, eyes).

IMPORTANT NOTE

Early diagnosis and removal of
galactose (lactose) from the diet
can prevent most complications,
especially in classic galactosemia.




Lactose synthesis
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Produced in mammary glands of mammals ¢ o5 Eb el Saulo o0 s
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Lactose is synthesized by lactose transferase which transfers
galactose from UDP-galactose to glucose, releasing UDP.

This enzyme is composed of two proteins, A and B. Protein A is a B-
0-galactosyltransferase, and is found in a number of body tissues.
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In tissues other than the lactating mammary gland, this enzyme
transfers galactose from UDP-galactose to N-acetyl-D-glucosamine,
forming the same (1-4) linkage found in lactose, and producing N-

acetyllactosamine a component of the structurally important N-linked
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In contrast, protein B is found only in lactating mammary glands. It is
a-lactalbumin, and its synthesis is stimulated by the peptide
hormone, prolactin. Protein B forms a complex with the enzyme,
protein A, changing the specificity of that transferase so that lactose,
rather than N-acetyllactosamine, is produced.
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Lactose synthesis sSWI zuuai

O Produced in mammary glands of mammals.
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O Lactose is synthesized by lactose transferase which transfers
galactose from UDP-galactose to glucose, releasing UDP.
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L This enzyme is composed of two proteins, A and B. Protein Ais a
B-o-galactosyltransferase, and is found in a number of body tissues.
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Q In tissues other than the lactating mammary gland, this enzyme
transfers galactose from UDP-galactose to N-acetyl-D-glucosamine,
forming the same (1—4) linkage found in lactose, and producing N-
acetyllactosamine a component of the structurally important N-linked
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glycoproteins.
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ROLE OF PROTEINS A & B 9 ;xiis,dl ys0

a-Lactalbumin
{Protein B) [

Q .

B-D-Galactosyltransferase
(Protein A)

UDP—gse:glucose
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Q In contrast, protein B is found only in lactating mammary glands.

It is a-lactalbumin, and its synthesis is stimulated by the peptide
hormone, prolactin. Protein B forms a complex with protein A,
changing the specificity of that transferase so that lactose,
rather than N-acetyllactosamine, is produced.
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KEY POINT dogs dads

» Protein A alone — makes N-acetyllactosamine in most tissues.
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¢ Protein A + Protein B — makes lactose in lactating mammary glands.
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DEFICIENCIES IN GALACTOSE METABOLISM — SUMMARY _=ls — jgSVls| P Olaayl yads

1) ALDOSE REDUCTASE DEFICIENCY  jlSsau) jaodl il e

+ What happens? Galactose — galactitol (in tissues where enzyme is present)
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» Accumulation: Galactitol JsnSYle cas1 2

+ Leads to: Cataracts (especially in children), renal problems, neurological prablems.
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2) GALACTOKINASE DEFICIENCY LS sSile a3l afi

* What happens? Galactose not phosphorylated — goes to aldose reductase pathway
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» Accumulation: Galactose + Galactitol

* Leads to (mild): Galactosemia, infant symptoms (vomiting, diarmhea, jaundice, poor growth).
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3) CLASSIC GALACTOSEMIA (GALT DEFICIENCY) a5 udS) Losuco 935 Yol
* What happens? Galactose-1-phosphate accumulates
ADldgh-1-3528 Yl @810 Slissu l5la
* Why harmful? Toxic — interferes with metabolism, causes organ damage.
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* Leads to (severe): Liver damage, jaundice, cataracts, kidney damage,
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severe mental retardation, failure to thrive, vomiting, diarrhea,
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