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[MeHTO30dbocdaTHbIM UMK, OKUCNUTENBbHbIM 3Tan CUHTEe3a NEeHTO3 W 3Tan

BO3BpaALLEHNS MEHTO3 B T[EeKCOo3bl (HEOKUCNUTENbHbIK 3Tan B obBpaTHOM

HanpaBneHMN) BMECTE COCTaBMAKT LUKINYECKNU npouecc (neHTo3ogocdaTHbIN
LMKN) - 3@ 0AuH 060pOT LMKa NONHOCTbIO pacnagaeTcs ogHa MoSieKkyna rmoKo3abl.
[MleHTO30dh0CdaTHLIW LMKIT PYHKLUNMOHMPYET B OCHOBHOM TOJSIbKO B XXMPOBOW TKAHU U
nedeHn. CymmapHoe ypaBHeEHUE NeHTO30ocdaTHOro umkna

6 roko30-6-tbocdar + 12ZNADP' +2H,0~ 12 (NADPH + H') -
» 5 ok030-6-gocdar + 6C0O, .

[TpOMeXyTOYHbIE MPOAYKTbl NEeHTO30(ocaTHOro NyTn npeBpaLleHns rMoKo3bl
(dpyKTO30-6-pOCaT, rmuuepanbaerna-3-gocgar) Moryt BKAKOYaATLCA B MNYyTU
aspobHOro N aHa’3pOOHOro OKUCAEHUA N CAYXXUTb MCTOYHUKOM SHEPrun AOns
cuHTesa ATP.

Y pacTteHun peakumm neHTo3odocdaTHOro Nyt COCTaABMAKT YacTb npolecca
obpasoBaHus rekcos 13 CO, npu poTocuHTEsE.
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Hexokinase
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SUCROSE > FRUCTOSE N N GENESIS
Sucrase Fructose 6-P \ \
ESSENTIAL FRUCTOSURIA o Frctose 1,6- | |
® Lack of fructokinase. ' bisphosphatase |
® Autosomal recessive (1:130,000 Sk s o
births) ADP Pi  Fructose 1,6-bis-P

® Benign condition.
® Fructose accumulates in the urine.

HEREDITARY FRUCTOSE INTOLERANCE
("FRUCTOSE POISONING")

® Autosomal recessive (1:20,000 births)

® Absence of aldolase B leads to intracellular

trapping of fructose 1-P.

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

® Fructose, sucrose, and sorbitol can cause
hepatic failure and death.

® Therapy: Rapid detection and removal of
fructose and sucrose from the diet.
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GALACTOKINASE DEFICIENCY
® Rare autosomal recessive disorder

® Causes elevation of galactose in
blood (galactosemia) and
urine (galactosuria)

® Causes galactitol accumulation
if galactose is present in the diet.

® Elevated galactitol can cause cataracts.
® Treatment is dietary restriction.

CLASSIC GALACTOSEMIA
® Galactose 1-phosphate uridyltransferase (GALT) deficiency.
® Autosomal recessive disorder (1:30,000 births).

® Causes galactosemia and galactosuria, vomiting,
diarrhea, and jaundice.

® Accumulation of galactose 1-phosphate and galactitol
in nerve, lens, liver, and kidney tissue causes liver
damage, severe mental retardation, and cataracts.

@ Prenatal diagnosis is possible by chorionic villus
sampling. Newborn screening is available.

® Therapy: Rapid diagnosis and removal of
galactose (and therefore lactose) from the diet.

@ Despite adequate treatment, at risk for developmental
delays and, in females, premature ovarian failure.

Galactitol NADP*

NADPH + H*
_ Glycggen
Galactokinase L f
LACT: OSE—I % Galactose 1-P 3, UDP-Glucose
ALDOSE REDUCTASE /\ /7 PP;
® The enzyme is present in Galactose 1-phosphate UDP-Glucose
h.ver, kldney., retma,. lens, nerve uridyltransferase pyrophosphorylase
tissue, seminal vesicles, and / \
o LACTOSE €«—— UDP-GALACTOSE Glucose 1-P
® |t is physiologically unimportant T uUTP
in galactose metabolism unless Phosphoglucomutase
galactose levels are high (as in UDP-Hexose
galactosemia). 4 4-epimerase Glugos.e 6-P
: GLYCOLIPIDS .~/ Glucose 6-phosphatase (liver)
® Elevated galactitol can cause GLYCOPROTEINS ¢ t-/

cataracts.

GLYCOSAMINOGLYCANS UDP-GLUCOSE GLYCOLYSIS GLUCOSE
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PErynauua rnmkonn3A M rmmoKOHEOINEHE3A
B NMEYEHU
1. MepeknioyeHne meTabonvamMa MeYEeHU C T[NMKONM3a Ha [TIOKOHeoreHes U HaoGopoT

NPOUCXOAMUT NPY NOMOLLLM:
- annocTepuUYecKnX MexaHM3MOoB PerynsLmMm akTUBHOCTU KMOYEBbLIX PepMEHTOB;

- KOBaNeHTHOW Moandmnkaumm doepMeHTOB nytem doocopunmpoBaHus
(oedochopunupoBaHns) ¢ y4acTmeM UHCYNMUHA U IITH0KaroHa;
- MHOYKUMM  (pernpeccun) CcuHTe3a KIo4YeBbIX (IEPMEHTOB, KaTanmnaupyrLwnx peakumm

CyOCTpaTHbIX LINKIIOB.
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[IpoTenHKHHA3a A

[TocTabcopOTHBHBIA NeprHoa,ro104aHne
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L Uueviud /rimkarcdoreiii HHnake 28
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MexaHn3m 0enCTBUSA MMIOKAroHe e .

(MUSCLE and LIVER)

~
Glucagon bound to glucagon receptor zp“ephrine bound to -adrenergic receptor

(LIVER) (MUSCLE and LIVER)

l(l._l_‘)(l)()()(v)(l(llilj(\(

e . A A unlllrllrnl()()lzll)'i"""""

AL e

] ‘!‘;"\‘
i

‘ ’.‘,mﬂ TUH TR [
QAU ARSI RS RA S SR A CAMP (o) L2010y, 5, o yp
. LY RIRLYI

| ) diesterase
llllj!lll)l)f}()[ (lll(llJ:ll\

](lill‘lll)l)()()()()
7 |
il

1
:[
‘-1

|
|

01
[ Ll
Jl»lﬁ(\ilj \(Al)(

‘ dAr G
,"'r\wl| 14\‘

|CJL)(I)(1()(

cAMP-dependent
protein kinase A

G L (inactive)
PP; ﬁ@

Phosphodiesterase
ROLE OF CALCIUM IN MUSCLE L A oh S e DE 28/
During muscle contraction, /—_\ SR S
Ca?* is released from the B ity <R/
sarcoplasmic reticulum. cAMP-dependent cAMP-dependent h ;
Ca?* binds to the calmodulin protein kinase A protein kinase A + &
subunit of phosphorylase ('"“t“’e) (GCtIVG) ? ATP P
kinase, activating it without P
phosphorylation. Phosphorylase CS?L’,Z‘;iZ”a G'y,f,oge'z
kinase can then activate glycogen phos (active) g}r/\r;ciis\fe)
phosphorylase, causing ADP ( P H,0
glycogen degradation. G,ycogen Glycogen” ADP
phosphorylas-e kinase b phosphorylase kinase a Protein phosphatase-1
(inactive) (active)
ATP
P; H,O
pho Insulin

Protein phosphatase-1 o <~ Insulin

ROLE OF AMP IN MUSCLE

In muscle under extreme conditions of anoxia and depletion of ATP, AMP GLYCOGEN
activates glycogen phosphorylase b without it being phosphorylated. SYN1I';|ESIS

INHIBITED




CTPYKTYpPHble KOMMNOHEHTbI Al

CH,OH
N-Acetylated OH
Acidic sugar amino sugar HO OH
- =, e ~ - e ~— NH2
Glucosamine
[ COOH CH,OH i COOH
0) 0)
o OH
N
OH HO 0\ HO OH
OH
H 'llH D-Glucuronic acid
Acetyl [ C=0 -
B group | CH, COOH
-n OH
HO OH
OH
Figure 14.1 L-Iduronic acid
Repeating disaccharide unit.
Figure 14.2

Some monosaccharide units found
in glycosaminoglycans.



<—> Glycogen
Glucose 1-phosphate :

ATP  ADP I

Glucose M Glucose 6-phosphate

I

Fructose 6-phosphate

Glutamine
ADP AMIDOTRANSFERASE
\ j Glutamate ute
Glucosamine > -« > i

Glucosamine Glucosamine UDP-
6-phosphate PHOSPHOGLUCO- 1-phosphate glucosamine*
Acetyl-CoA MUTASE PP;
S] Acetyl-CoA
ATP ADP
N-Acetyl- u» N-Acetyl- <«—————— N-Acetyl-
glucosamine glucosamine glucosamine Glycosaminoglycans
6-phosphate 1-phosphate (eg, heparin)
UTpP
PP;
N-Acetyl-
mannosamine N |U|DP' > Glycosaminoglycans
6-phosphate -acetylglucosamine (hyaluronlc acid),
glycoproteins
Phosphoenolpyruvate
N-Acetyl- UDP-
neuraminic acid N-acetylgalactosamine*
9-phosphate
Ao Inhibiting
© allosteric
effect
Sialic acid, Glycosaminoglycans
gangliosides, (chondroitins),

glycoproteins glycoproteins



CHONDROITIN 4- AND
6-SULFATES

® Disaccharide unit:
N-acetylgalactosamine with
sulfate on either C-4 or C-6,
and glucuronic acid.

©® Most abundant GAGs in the body.
® Found in cartilage, tendons,
ligaments, and aorta.

® Form proteoglycan aggregates,
often aggregating noncovalently
with hyaluronic acid.

® In cartilage, they bind collagen
and hold fibers in a tight, strong
network.

KERATAN SULFATES land Il

® Disaccharide unit:
N-acetylglucosamine and
galactose (no uronic acid).
Sulfate content is variable
and may be present on C-6
of either sugar.

® Most heterogeneous
GAGs because they contain
additional monosaccharides
such as L-fucose, N-acetyl-
neuraminic acid, and
mannose.

® KS Il is found in loose
connective tissue proteoglycan
aggregates with chondroitin

sulfate. KS | is found in cornea.

HYALURONIC ACID
(HYALURONATE)

® Disaccharide unit:
N-acetylglucosamine and
glucuronic acid.

@ Different from other GAGs:
Unsulfated, not covalently
attached to protein, and only
GAG not limited to animal
tissue, but also found in
bacteria.

@ Serves as a lubricant and shock
absorber.

® Found in synovial fluid of joints,
vitreous humor of the eye, the

umbilical cord, loose connective

tissue and cartilage.

o~
(0]

H

OH H

H OH
GlcUA

GlcUA

f1.3

oald

H HNCOCH;

GalNAC

CH,OH
o

H
B/

H HNCOCH;

GalNAC

o
o9
H

OH H
H

H HNCOCH,
GIcNAC

CHOE) ]
0

IRy

o H

H HN@

GicN

CH,OH

Structure and distribution of glycosaminoglycans (GAGs). Sulfate groups ((§)) are shown in all possible positions.
GlcUA = glucuronic acid; IdUA = iduronic acid; GaINAC = N-acetylgalactosamine; GIcNAC = N-acetylglucosamine;

GlcN = glucosamine; Gal = galactose.

DERMATAN SULFATE
@ Disaccharide unit:

n N-acetylgalactosamine and

L-iduronic acid (with variable
amounts of glucuronic acid).
@ Found in skin, blood vessels,
and heart valves.

HEPARIN
® Disaccharide unit:

Jn Glucosamine and glucuronic

or iduronic acid. Most
glucosamine residues are
bound in sulfamide linkages.
Sulfate is also found on C-3
or C-6 of glucosamine and
C-2 of uronic acid (an average
of 2.5 (S) per disaccharide
unit).

® o-Linkage joins the sugars.

dn @ Unlike other GAGs that are

extracellular compounds,
heparin is an intracellular
component of mast cells that
line arteries, especially in
liver, lungs, and skin.

® Serves as an anticoagulant.

HEPARAN SULFATE

® Disaccharide unit:
Same as heparin except
some glucosamines are
acetylated and there are
fewer sulfate groups.

@ Extracellular GAG, found in
basement membrane and as a
ubiquitous component of cell
surfaces.

35



%

4

35

Core Chondroitin ]
_ protein /~ sulfate
—— Proteoglycan monomer
———— s
Hyaluronic =
acid -
A
\ - -
Protein
core
I
Galactose J
I
Acidic sugar
| Repeating
Amino sugar & disaccharide units
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Cxema cuHtesa Al

Glutamine Glutamate

rucioss NN

uTpP

Glucose 3 Glucosamine Glucosamine
6-phosphate 6-phosphate Am,dotrans,e,as: 6-phosphate e 1-phosphate
Acetyl-CoA
ADP CoA
ATP N-Acetylglucosamine 6-phosphate
Glucose ;K N&
N-Acetylmannosamine 6-phosphate = UDP-N-acetylglucosamine
PEP~ K ¢ ~
N-acetylneuraminic acid (NANA) ;,//D
s % : UDP-N-acetylgalactosamine
Sialic acid, cip oP, -
angliosides
o . {——— CMP-NANA

. glycoproteins

—os

UDP-
Glucosamine

!

Glycosaminoglycans

PP;j

Glycosaminoglycans,
glycoproteins
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ROUGH ENDOPLASMIC RETICULUM (RER)
® RER is series of interconnected
membrane-bound sacs.

@ Ribosomes are bound to the cytosolic
side of the membrane.

Vesicles bud off
from the Golgi
and their contents
are targeted to the
cell membrane,
the extracellular |°
environment, or

the lysosomes. ‘ ;
' coLal
N APPARATUS

T
Carbohydrate
Secretory

Glycoproteins that are to be
secreted from the cell are
not incorporated into
vesicular membrane.

Glycoproteins that are to
INTRACELLULAR SPACE become components of the

VT TR A T R R T e s T e S v+ cell membrane are integrated by .
T T QI =06 the membrane of the RN
EXTRACELLULAR SPACE PR secretory vesicles that bud
03\ from the Golgi and fuse with

the cell membrane.

Figure 14.15

Transport of glycoproteins through the Golgi apparatus and their subsequent release or incorporation into a
lysosome or the cell membrane.

38



