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1. What “Maturation” Actually Means
A newly synthesised polypeptide is not yet a working protein — it is closer to a car fresh off the assembly line

before paint, wiring, and final inspection. Maturation is the sequence of chemical and structural changes a

protein undergoes as it travels from the rough ER, through the Golgi stack, to its final destination: correct

folding, precise glycan trimming and rebuilding, chemical tagging, and — for many proteins — a decisive

proteolytic cut that switches an inactive precursor into an active molecule. Only a protein that clears every

one of these checkpoints is allowed to leave the cell's quality-control pipeline.

Quick definition

Protein maturation is the ordered set of post-translational modifications — folding, glycan processing,
sulfation/phosphorylation, and proteolytic cleavage — that convert a newly synthesised polypeptide into
its final, biologically active form as it transits the ER-to-Golgi secretory pathway.

1.1 Where Maturation Begins: the ER

Maturation is not a Golgi-only story. As the nascent chain enters the ER lumen, an oligosaccharyltransferase

complex attaches a pre-built 14-sugar precursor (Glc
3
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) onto specific asparagine residues

(N-linked glycosylation). Chaperones such as BiP, and the lectin chaperones calnexin and calreticulin, use

the sequential trimming of the three glucose residues to monitor folding status — a partly folded protein is

held, re-glucosylated, and re-checked in a repeating cycle until it folds correctly. Only correctly folded,

glucose-trimmed protein is packaged into COPII vesicles and released toward the Golgi; chronically

misfolded protein is instead retrotranslocated to the cytosol and destroyed by ER-associated degradation
(ERAD).

Fig. 1 — A protein's maturation journey: folding and core glycosylation in the ER, glycan trimming and remodelling across the
Golgi stack, proteolytic cleavage in the TGN, and release as a mature, active molecule. Only protein that passes each

checkpoint proceeds.



2. Glycan Maturation — the Golgi's Signature Contribution
The single most distinctive maturation event that happens specifically inside the Golgi is the systematic

remodelling of the N-linked glycan tree. The Golgi does not add sugars randomly — cisterna by cisterna,

resident enzymes trim and rebuild the glycan in a strict, assembly-line order, so that the final sugar pattern on

a mature glycoprotein is effectively a chemical record of everywhere it has been.

Fig. 2 — The classic N-glycan processing pathway. A high-mannose tree delivered from the ER is progressively trimmed
(cis-Golgi), rebuilt into a hybrid form (medial-Golgi), and finished with GlcNAc, galactose, and sialic acid to yield a mature

complex glycan (trans-Golgi/TGN).

2.1 Step-by-Step

• cis-Golgi — Trimming: Golgi α-mannosidase I strips several mannose residues from the high-mannose

precursor, reducing Man
9
GlcNAc

2
 down to roughly Man

5
GlcNAc

2
.

• medial-Golgi — Hybrid formation: GlcNAc-transferase I adds a GlcNAc to one arm; α-mannosidase II
then trims the remaining mannoses off the other arm.

• medial-Golgi — Complex core: GlcNAc-transferase II caps the second arm with GlcNAc, producing the

symmetrical “biantennary” complex core.

• trans-Golgi/TGN — Finishing: galactosyltransferases add galactose to each GlcNAc, and

sialyltransferases cap each branch with negatively-charged sialic acid (NeuNAc), producing the mature,

secretion-ready glycan.

Why bother remodelling the sugar tree?

The mature glycan pattern is read as a functional signal by the rest of the body: it can mark a protein's
folding status, control its half-life in the bloodstream (desialylated glycoproteins are rapidly cleared by the
liver's asialoglycoprotein receptor), mediate cell-cell recognition, and — for lysosomal enzymes
specifically — carry the mannose-6-phosphate address tag described below.

3. Other Chemical Maturation Events

3.1 Mannose-6-Phosphate Tagging (Lysosomal Enzymes)

In the cis-Golgi, a dedicated two-enzyme system recognises a structural signal patch unique to soluble acid

hydrolases and adds a phosphate group to specific mannose residues, creating mannose-6-phosphate
(M6P). This tag is read exclusively by M6P receptors in the trans-Golgi Network, which divert the enzyme into

a clathrin-coated vesicle bound for the lysosome rather than the default secretory route — without this one

modification, lysosomal enzymes would simply be secreted from the cell.

3.2 Sulfation



Trans-Golgi sulfotransferases add sulfate groups to tyrosine residues (important for some secreted proteins'

receptor-binding affinity) and to the glycosaminoglycan chains of proteoglycans, contributing to the dense

negative charge that lets cartilage and mucus hold water.

3.3 Proteolytic Cleavage — Switching the Protein “On”

Many secreted and membrane proteins are synthesised as inactive proproteins or prepropeptides carrying

an extra segment that must be physically cut away. In the trans-Golgi Network, a family of calcium-dependent

proteases called proprotein convertases (the best known is furin) recognise a specific dibasic amino-acid

motif and cleave precisely at that site. Classic examples: proinsulin is cleaved into mature insulin plus the

discarded C-peptide; growth factors, neuropeptides, and many viral envelope proteins are all activated the

same way. This delay is a safety mechanism — it keeps a powerful signalling molecule inert until it reaches

the compartment or location where its activity is actually needed.

4. Quality Control Along the Way
Maturation is not a one-way conveyor belt — it is continuously monitored. Retrograde COPI traffic returns

Golgi- and ER-resident enzymes (marked by a C-terminal KDEL sequence) that escaped forward by

mistake. Cisternal maturation ensures each processing step happens in the correct cisterna before cargo can

move on. And at the TGN, sorting receptors will not package a protein into an export vesicle unless its correct

address signal — a completed glycan tag, an M6P mark, or a specific amino-acid motif — is already in place.

5. Summary Table — Maturation Events by Location

Compartment Maturation Event

Rough ER Core N-glycosylation (Glc
3
Man

9
GlcNAc

2
); chaperone-assisted folding; disulfide

bond formation; calnexin/calreticulin quality control

cis-Golgi α-Mannosidase I trims glycan to ~Man
5
GlcNAc

2
; M6P tagging initiated for lysosomal

enzymes

medial-Golgi GlcNAc-transferase I & II and α-mannosidase II rebuild a complex glycan core

trans-Golgi Galactosylation, sialylation, sulfation of proteins/proteoglycans

Trans-Golgi Network Proteolytic cleavage by proprotein convertases (e.g. furin); final sorting into
destination-specific vesicles

6. When Maturation Goes Wrong

• I-cell disease (mucolipidosis II): a defective M6P-tagging enzyme means lysosomal hydrolases are

secreted instead of delivered to lysosomes — undigested material accumulates as dense “inclusion

bodies”.

• Proinsulin processing defects: impaired convertase cleavage can lead to hyperproinsulinaemia and

abnormal insulin secretion.

• Congenital disorders of glycosylation (CDG): defects in glycan-processing enzymes produce a wide

spectrum of developmental and metabolic disease, reflecting how many proteins depend on correctly

matured glycans to function.

7. Quick Revision Points



• Maturation = folding + glycan processing + chemical tagging + proteolytic activation, spanning ER → Golgi

→ TGN.

• Glycan story in one line: Man
9
GlcNAc

2
 (high-mannose) → Man

5
GlcNAc

2
 (trimmed) → hybrid →

complex biantennary (Gal + sialic acid).

• M6P tag = address label for lysosomal enzymes; added in the cis-Golgi, read in the TGN.

• Furin and other proprotein convertases cleave inactive precursors into active proteins in the TGN (e.g.

proinsulin → insulin + C-peptide).

• KDEL-tagged proteins that escape the ER are returned by retrograde COPI transport.

• A protein that fails any quality-control checkpoint is retained, re-cycled through folding, or degraded

(ERAD) — never released half-finished.

Study notes compiled for revision purposes — cross-check with your prescribed textbook (e.g. Alberts, Molecular Biology of the
Cell; Lodish, Molecular Cell Biology) before an examination.


