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* Lysosomes are membrane-enclosed
organelles that contain various
enzymes that break down all types
of Ioio[ogical polymers.

e Lysosomes degrade material taken

up ﬁom outside and inside the cell.

* Variable in size and shape.
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Lysosomal enzymes

Lysosome o Lysosomes contain ~50 diﬁeren’c acid hydro[ases.

* Enzymes hydro [yze proteins, DNA, RNA,
po[ysaccharides and ['qo ids.

* The enzymes are active at the acidic pH (about 5)

that is maintained within lysosomes.

* Levels of Protection:
* Containment

® Jnactive gC released

Cytosol

* Aproton pump maintains lysosomal pH.
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J \/ “Processing of umenal lysosomal proteins

| ysosomal
protein

b N Addition of N- Removal of N-
. acetylglucosamine v acetylglucosamine
: . phosphates : : ‘
@ N-acetylglucosamine Mannose-6-phosphate

. Mannose

The enzyme recognizes a signal patch (a three-
e et o dimensional structural determinant) not a sequence. .

u\_/ u\



J \./ " Transport of lysosomal proteins

>Lumena[ [ysosomal pro’ce Ins marked ,Oy

mannose-6-phosphates bind to a mannose-

6~phospah’te receptor.

> The comp lexes are packaged nto transport
7

Secretory
vesicle

vesicles destined fov late endosomes, which

mature into [ysosomes.

Recycling
endosome

- >Lysosomal membrane protemns are targe‘ced
ss by sequences in their cytoplasmic tails,

N
rather than on mannose-6-p hosp hates.
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Lysosomal storage diseases

* Glycolipidoses (sphingolipicoses)
* Oligosaccharidoses

2 Mucopolysaccharidoses: deﬁciencies n [ysosomal hydro lases of GAGs (heparan,

keratan and dermatan su[fates, chondroitin subca‘ces).

e They are chronic progvessive[y de’oilifaﬁng disorders that lead to severe
psychomotor retardation and premature death.
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*_Glucocerebroside is a egcoIip ids (a monosaccharide attached oIiVec’cIy to a ceramide unit

D (s byproduct of the normal VecycIing of red blood cells, which are phagocytosed on

macrophages, degraded and their contents VecycIeaI to make new cells.

{}O CH

CH Glucocerebrosidase CH;
| ST |
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b Glucose
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Glucocerebroside Ceramide
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- Types

* Three types accord'mg to severity and nervous system involvement

* Typel: (least severe, most common) the nervous system s not involved; sp leen

and liver enlavgement, deve [opment of bone lesions

* Typesli and 111 (more severe, much rarer): the only cells affected in Gaucher's

0“86&86 are macrop hages

. Macrophages eliminate aged and damaged cells by phagocy’tosis that
involves continuous Ingestion of [avge amounts of l'qo ids in [ysosomes for

degrada‘cion
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). Gaucher disease
\ (glucocerebrosidase deficiency) -

*, The most common lysosomal storage disease

* Caused on mutation in the gene encoding acid-beta g[ucosidase, or glucocerebrosidase.
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CH, Glucocerebrosidase CH;
| P |
H'Ll' NH - \_> + ||[I. NH
| |

HCO =) HCOHH =]
~, | Glucose | x I g
4 g S g
3 % ¢ 2
Glucocerebroside Ceramide

* Failure of lysosomes to degvade substances that they normaﬂy break down. ~/
* The accumulation of non—degraded compounds leads to an increase in the size

and number of lysosomes within the cell. 10 S
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ligosaccharidoses-Pompe disease (type11) —

* Lysosomes become engorged with
g[ycogen because ’they lack a-1,4-
g[ucosidase, a hydro [yﬁc enzyme

conﬁned to these organe“es

e Glycogen structure is normal, but its

amount s excessive
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Glycogel Y

I ; Lysosome ,\?_
Alpha-14-
Glucosidase (GSD |

| Mam Kinas
D VIl and IX, X-linked

Liver Phosphorylase (GSD VI) J

Muscle Phaosphorylase (GSD V)

Glycogen

Branching Enzyme
l

Glz.rwgan Synthaze

*
UDPG ebranc rng
x_ Engm& (GSD I
Glur.:use 1-P
e FPha sphaglu comutase
Glucose-6-Phosphatase
(GSD 1)
Glucose <% Glucose-6-P
Glucose-6-Phosphate
Transporter (G3D 1B)
Fructose-6-P
To blood In brain and muscle
Phosphofructokinase
(GSD VII)

Fructose-1,6-P
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\/ ¢ © 1-cell disease

* Lack of targeting of lysosomal enzymes ﬁom Golgi

~

S
ohl\ deﬁc lency in tagging enzyme

® Features: severe psychomotor retardation that rap id[y
progresses lead'mg to death between 5 and 8 years of age.
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@ N-acetylglucosamine Mannose-6-phosphate
@ Mannose Failure of lysosomal A
enzyme incorporation

into the lysosomes e )
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| ysosomal
protein
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Hz €—%— heme € Hb

Application: Chloroquine -

e Anti-malarial agent

* Inthe parasi’ce’s vaculoe, hemog[obin S diges’ced

and heme is modiﬁed on heme polymerase.
food proteases
vacuole ca? eptides ] . o i 1 .
yl ~ peptl : ]fheme 1s not modgqed, it is toxic to the parasite.
H+ . . .
e CQ—u_59 op B Ch[oroqume crosses membranes into the malarial
ADP digesﬁve vacuole and inhibits the enzyme.
transport
parasite 2> proteins
cytoplasm cQ * ltis a weak base that becomes protonated at acidic
-/
pH
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J Outside of cell

" Endocytosis

Recycling to ™
plasma membrane
* Molecules are taken up ﬁ'om outside the cell in endocyﬁc
- ; : Rec clin
vesicles, which ﬁ,tse with early endosomes. 7

endosomes
Early
endos@mes

4 Eaﬂy endosomes separate mo lecules targeted fov Vecycling \
ﬁfom those tavgeted for degradaﬁon.

= Mem’orane VCCC]OfOVS are Vecyc(ed via Vecyc['mg €Y10[OSOW1€S.

Release of hydrolases

N

’ Ear[y endosomes mature into late endosomes.

Lysosomql Maturation
enzyme Release of hydrolase 1 I(m"
* Transport vesicles carrying acid hydrolases from the Golgi Nt £
p g ot e o e S e R e T
ﬁase with late endosomes, which mature into lysosomes. i 58 o

* The acid hydro[ases dissociate ﬁfom the mannose-6-

Mannose-
()-ph(»pll ale

phosphate receptor and the receptors are Vecyc[ed to the
Go[gi.
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/- Phagocytosis and autophagy e

PHAGOCYTOSIS

AUTOPHAGY .
Bacterium

The turnover of the
cell’s own components

Endoplasmic reticulum
Phagosome

D @ " Large particles
@ are taken up by

phagosomes

o
Prerss

’ Phagosomes
(; fuse with

1. Embryonic
development
2. Apoptosis

Mitochondrion

1. Enclosure of an /

organelle or a small
area of cytoplasm in a
cytosolic membrane.

Autophagosome

2. Autophagosome
fusion with lysosome. lysosomes
‘ =
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