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Metabolism of fructose
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The major source of fructose is the disaccharide sucrose, which,

when cleaved in the intestine, releases equimolar amounts of
fructose and glucose
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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.
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aldolase B) to dihydroxyacetone phosphate i-phosphate | 16-bisphosphate |

(DHAP) and glycerolaldehyde. DHAP can | e ——
directly enter glycolysis or gluconeogenesis,
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Metabolism of fructose
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Kinetics of fructose metabolism (),s,uwwy
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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).

B. Intravenous infusion of fructose elevate the rate of lipogenesis ~
caused by the enhanced production of acetyl CoA:r s sre s
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3. ~ Disorders of fructose metabolism, . ... m”“‘“ijﬁ“‘%
A e ~fructokinase deficiency: benign condition T
B. o Hereditary fructose infolerance (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 hypéruricemia, hypoglycémia, vomiting,
** jaundice, hemorrhage and hepatomegaly: <
If fructose was not removed from the diet, liver failure and death can
occur.

“I?jbagnosis of HFI can be made on the basis of fructose in the urine
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Metabolism of fructose!
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Conversion of mannose to fructose 6-phosphate

Hexokinase phosphorylates mannose, producing
mannose 6-phosphate, which is (reversibly)
isomerized to fructose 6-phosphate by
phosphomannose isomerase.
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Conversion of glucose to fructose via sorbitol
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/In seminal vesicles, glucose converts to sorbitol
by aldehyde reductase followed by oxidation of

sorbitol by sorbitol dehydrogenase to produce

=

fructose. This is necessary in seminal vesicles as
fructose is a major carbohydrate energy source;
In hyperglycemia as in uncontrolled diabetes

glucose enter these cells (retina, lens, kidney,

nerve cells) convert to sorbitol which will be trapped
inside the cell, leading to water retention due to

osmosis. cataract formation, peripheral neuropathy,
and vascular problems leading to nephropathy and

retinopathy:;
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Galactose metabolism
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The major dietery source is lactose (in milk)
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Phosphorylation of galactose by galactokinase to galactose 1P
using ATP as phosphate donor
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Formation of UDP-galactose by exchange with UDP-glucose.
The enzyme that catalyzes this reaction is galactose 1-

aalac@ose 1-prahake 0y -brushore

phosphate uridvi-transferase.

2 ism (B>l i)
sxaall (1

o Lactose (sl xSuw) wwsd )l ool oo
G en .
] y C O g sl / G a ! a C t O S e \ e (Phosphorylation) Js¥l dsbl (2
o Galactose-1-phosphate

; * Galactose
UDP-galactose (29 (3

\ \ ¥ Galactokinase + ATP
| - Y Y ' |
.i U D P = G I u C O S e - 3 G a ' acto Se 1 = P : lGuInctose-l-phosphute :rlil:;:-glucose

\ !  UDP-galactose

* Galactose - Galactose-1-P

\ / aosyl
X / ! % Lactose - Galactose
i o Galactose-1-P - UDP-galactose!
Glucose 1-P-< — > UDP-Galactose <« | ey
- - Galactokinase :Jodl @iyl ©
| Galactose-1-phosphate uridyl :en8l a3l ©
A transferase

|

ol (0 8,541
glycolysis sslue s ¥ jsiSll »

v !
Glucose 6-P €5 GIUCOSE  wrmiimimsbize::




T GaIaCtose metabO“Sm

e el B
a4k i UDP-galactose puind
@525 yuaas UDP-galactose alaii
1od (153,SUl junas UDP-galactose auiicd
-UDP 3323 a3 a3 (Gluconeo genesis) g3 glall Slaaivl 9i (Glycolysis) s slall Jlas

galactose | UDP-glucose au)| dawl 33: UDP-hexose 4 epimerase. >
4

\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. s o g
1 Jas a1 llesll (30 sasll o8 UDP-galactose aladiel (Say
3850 gyiate
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>t Role of UDP-galactose in biosynthetic reactions: can bé utlllzed&T
many metabolic pathways as in biosynthesis of lactose,
glycoproteins, glycolipids, and glycosaminoglycans.
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Disorders of galactose metabolism

:

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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1) Galactokinase deficiency
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« Galactosemia: puJl 3 jsiS 3l gl
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2) Classic galactosemia

autosomal recessive jo0 *
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Galactose-1-phosphate uridyltransferase
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CLASSIC GALACTOSEMIA

® Uridyltransferase Ideficiency s
L Autosoma| recessive disorder (1 in 23,000 births)
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GALACTOKINASE DEFICIENCY
° ThIS causes galactosemla and

® |t causes galactltol accumulation

® It causes galactosemla and galactosuria, vommng,
%diarrhea, and |aund|ce

<] Accurﬁulatlon qg galactose 1-phosphate and galactitol
m nerve lens, Ilver, and ki ey tissue causes liver

damage severe méntal retardation, and cataracts: “+*

Antenatal dla% osis |s possuble by chorionic villus
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if galactose is present in the diet.

+
Galactitol NADP
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Therapy: Rapid diagnosis and removal of
galactose (therefore, lactose) from the diet o
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NADPH + H* Glycogen
Galactokinase :
GALACTOSE—I > Galactose 1-P UDP-Glucose
/ \ ¥ PP,
,ALDOSE REDUCTASE ATP  ADP Galactose 1-phosphate
sy e UDP-Glucose
® The ¢ yme is prgsentin =, . uridyltransferase
! * liver, Eﬁdney, retuﬁ lens, nerve pyrophosphorylase
tissue, seminal vesncles, and g
v ovaries. . LACTOSE<——— UDP-GALACTOSE Glucose 1-P o
(®ltis physiologically unimportant —_—— T
. in galactose metabolism unless Phosphoglucomutase
. galactose levels are high (asin | UDP-Hexose
| galactosemia). ™ ool il B K sepimerase Glucos:e o
| ® Elevated galactitol can cause | ¥ / Glucose 6-phosphatase (liver)
] cataracts. (Courcs) s b ce § Galactitol ¢ f: GLYCOLIPIDS _‘,{/,
: GLYCOPROTEINS =

- GLYCOSAMINOGLYCANS UDP-GLUCOSE

GLYCOLYSIS GLUCOSE
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Lactose synthesis
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Produced in mammary glands of mammals

Lactose transferase (e a3 Ao g2 5 528U aiaat oy
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Lactose is synthesized by lactose transferase which transfers

galactose from UDP-galactose to glucose, releasing UDP. ... .......cm

aadl Al (e 238 B 33 539 B-galactosyltransferase s s A ¢igod)

This enzyme is composed of two proteins, A and B. Protein A is a -
o-galactosyltransferase, and is found in a number of body tissues.

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 |mgortant N-linked

«N-acetyl-D-glucosamine (5!} UDP-galactos, wj,asyuw A 13 o gl ‘m,mgmsmxsa_wwué}
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N (N-linked glycoproteins) = &asi jal)

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 RS s g

e 0 Sy 5580 cu»a-»,;w-x, S




Protein A luic

/ :aouwly
B-galactosyltransferase
0853 ¥ 0uz9) 5 sswludl @ 35dl 52 ol i
lactose giual Ligo

sl SU

Protein B luis

/ aouwly
a-lactalbumin

.Protein A 20 buig Sl ool liw

SOl boaie Guasy lile

(LYW REREJWCIVR IRV
- W9z aSpe B juay
Lactose synthase
S59iSWI gaiaid) 31 13mlr Jbo @aidl e

Spaidl 13m Jaiy 1lo
pRean

* UDP-galactose
galactose JI jouos o likg

® Glucose
glucose J] galactose Jik oi
b
® Lactose
2,39 UDP
] B ] 6)Sl
Protein A

5953l gia) Jelail] 4 sy ¥ oumg
102553 dpogios yidng Protein B b Losie oI
lactose gio ] anio Jelid] sy






