
The Golgi Apparatus
(how to become fascinator starting by being suspect)

Definition

Structure, ultrastructure

Functions

Golgi-RE cross-talk in membrane biogenesis 

and intracellular traffic

Cellular structures acting in membrane 
biogenesis and traffic
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Golgi Complex under light microscopy

Camillo Golgi (1843-1926)

1898
Nobel Prize winner, 

1906

History

From:
Fraquhar MG, Palade GE. (1998)
The Golgi apparatus: 100 years 
of progress and controversy. 
Trends in Cell Biology, 8, 2-10
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Golgi Complex Ultrastructure

3D Organization of Golgi Complex

Dr. Mircea Leabu. The Golgi Apparatus (lecture iconography)

3



Functions of Golgi Apparatus
1. Sphingolipid processing (sphingomyelin, glycolipids);
2. Protein glycosylation (terminal glycosylation of N-

linked glycans, O-linked glycans producing);
3. Glycosaminoglycans (GAG) biosynthesis;
4. Sulfation of some sugars (glycoproteins, GAGs);
5. Synthesis of the mannose-6-phosphate marker on 

lysosomal hydrolases, and lysosome biogenesis;
6. Protein maturation;
7. Sorting and transport of biomolecules to final cellular 

location.

N.B. Step by step ordered biochemical events in Golgi 
apparatus

Biochemical  polarization of the 
Golgi Complex
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Ultrastructural cytochemistry

Models Concerning Golgi Apparatus 
Dynamics

From: Storrie B, Pepperkok R, Nilsson T – Trends in Cell Biology, 10, 385-391 (2000)
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Processing of N-linked glycans
Mannose trimming and terminal processing of N-linked glycans

Oligosaccharide Structures 
Produced in Golgi Complex

1. N-linked oligosaccharides

2. O-linked oligosaccharides
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Synthesis of the Mannose-6-phosphate 
Marker on Lysosomal Hydrolases

These events belong to the lysosome biogenesis

Lysosome Biogenesis

1. Labeling of lysosomal enzymes, in cis area
2. Transport from cis-face toward trans-face, and maturation
3. Sorting and budding, in trans area, as primary lysosomes
4. Fusion with late endosomes or already existing secondary lysosome
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Golgi – ER Cross-talk in Membrane
Biogenesis and Intracellular Traffic

• Membrane biogenesis 
• ER to Golgi traffic;
• Golgi to cell membrane / endosomal 

system traffic;
• Cell secretion

Membrane Biogenesis
• A complex process involving several organelles:

– Ribosome;
– Endoplasmic reticulum;
– Golgi apparatus.

• Consists in:
– Biosynthesis of molecules/macromolecules 

organizing membranes;
– Correct assembly of molecular components in the 

structure;
– Structure maturation to become functional;
– Directional transport of the new membranes to final 

location.

• Claims a well elaborated and controlled membrane 
traffic
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ER to Golgi Traffic
• Sorting at the tranzitional ER level (COP II, Sar1);
• Traffic to Golgi apparatus;
• Sorting at the Golgi complex (COP I, Arf1);
• Returning to ER (recycling of some components).

Conclusion: ER to Golgi transport fits to 
a vesicular transport (a shuttle mechanism) 

Experimental proves
for the shuttle mechanism

1989: Brefeldin A inhibits forward transport 
from ER to Golgi, COP II dependent 
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Golgi to Final Location Traffic
= trans-Golgi network (TGN) role =

• Golgi to lysosome: sorting by M6P, segregation 
and vesiculation by adaptor proteins (AP3) and
clathrin coat;

• Golgi to apical membrane: sorting by luminal 
mechanisms and lipid rafts, cooperative transport by 
dynein (microtubule route, – end), and myosin (F actin 
route);

• Golgi to lateral-basal membrane: sorting by 
amino acid motifs, transport by kinesin (microtubule 
route, + end);

• Control and Regulation: by small GTP-ases 
(monomeric G proteins);

• Direction Control: by SNARE (v-SNARE, and t-
SNARE)

Directed vesicular transport 
by specific SNAREs
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Cell Secretion
• Biosynthesis of secretory proteins;
• Processing (maturation), sorting and condensation 

in secretory vesicles/vacuoles;
• Scretion (constitutive, or signal regulated).

Porosome
• Membrane microdomain
• Universal portal of cell 

secretion
• Nanostructure to be 

deciphered in terms of
molecular organization

Courtesy of Dr. Bahnu Jena,
George E. Palade University Professor, 
Department of Physiology, 
Wayne State University 
School of Medicine 
Director, 
NanoBioScience Institute, 
Detroit, Michigan, USA
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Summary

• Golgi apparatus – the only organelle which
captivated scientist initially by suspicion, later
by structural and functional complexity;

• Shows ultrastructural polarity, but also a
biochemical one between cisterns;

• Acts in a step by step well ordered manner;

• Functions as a turntable maturing, sorting and
directing lysosome, membrane, and secreted
components.
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