
Nonmembranous organelles

Cell inclusions

1. Ribosomes

2. The cytoskeleton:

VMicrotubules

üCilia and flagella

üCell center and centrioles

VFilaments

3. Cytoplasmic inclusions
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"for studies of the structure and function of the ribosome"

Ribosomes

1943 ïAlbert Claude Ĕñmicrosomes ò 
195 5 ïGeorge Palade Ĕ Palade granules
1958 ïRichard B. Roberts Ĕñribosomes ò 

V65% rRNA and 35% ribonucleoproteins

George Emil 
Palade

(1912 -2008)

The Nobel Prize 
in Physiology or 
Medicine 1974

Ásmall electron -dense particles, 20 x 30 nm in size



Prof. Dr. Nikolai Lazarov

3

V free ribosomes Ĕ proteins for use within the cell
ümonosomes and polyribosomes (polysomes )

Vbound ribosomes ( ribophorins ȝ and ȝȝ)

Ĕ secretory proteins ( Ig, collagen , hormones )

Ribosomes
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Protein synthesis

Á2 principal stages :

V transcription ïin the cell nucleus

V translation ïin the cytoplasm:

ü initiation

ü elongation

ü termination

ÁSignal hypothesis                                                
for the synthesis of secretory proteins
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Cytoskeleton
ÁGr. kytos, cell + skeleton, dried body , ómisshapen', amorphos

Paul Wintrebert

1931
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ÁGr. micros , small + tubulus , tubule
V outer diameter = 24 -25 nm

Vvarying length = several Õm

Microtubules

Áseen only under EM ïfirst described in 1963

Ádynamic instability ïafter fixation:

Vstabile

V labile

Ánonbranching, elongated hollow cylinders, made of protein
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Á arranged as a ring of 13 protofilaments

Á main component ïdimeric tubulin (alpha&beta )

V globular protein d=3.5 -5 nm and m.w. 50 kDa
V isolated in 1975

Microtubules ïstructure

wall ï5 nm thick; hollow core ï14 nm wide
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V positive (+) fast -growing end :
growing via adding of tubulin 
dimers (polymerization )

V negative ( - ) slow -growing end :
removal of tubulin dimers
(depolymerization )

Microtubules ïelongation
Ámicrotubule organizing centers

V stabilization of the structure : equilibrium of
polymerization and depolymerization by means of
microtubule -associated proteins (MAP-1 and MAP -2)


