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Introduction

Reactome is open-source, open access, manually curated and peer-reviewed pathway database. Pathway annotations 
are authored by expert biologists, in collaboration with Reactome editorial staff and cross-referenced to many 
bioinformatics databases. A system of evidence tracking ensures that all assertions are backed up by the primary 
literature. Reactome is used by clinicians, geneticists, genomics researchers, and molecular biologists to interpret the 
results of high-throughput experimental studies, by bioinformaticians seeking to develop novel algorithms for mining 
knowledge from genomic studies, and by systems biologists building predictive models of normal and disease 
variant pathways. 
The development of Reactome is supported by grants from the US National Institutes of Health (P41 HG003751), 
University of Toronto (CFREF Medicine by Design), European Union (EU STRP, EMI-CD), and the European 
Molecular Biology Laboratory (EBI Industry program).

Literature references

Fabregat, A., Sidiropoulos, K., Viteri, G., Forner, O., Marin-Garcia, P., Arnau, V. et al. (2017). Reactome pathway ana-
lysis: a high-performance in-memory approach. BMC bioinformatics, 18, 142. ↗

Sidiropoulos, K., Viteri, G., Sevilla, C., Jupe, S., Webber, M., Orlic-Milacic, M. et al. (2017). Reactome enhanced path-
way visualization. Bioinformatics, 33, 3461-3467. ↗

Fabregat, A., Jupe, S., Matthews, L., Sidiropoulos, K., Gillespie, M., Garapati, P. et al. (2018). The Reactome Pathway 
Knowledgebase. Nucleic Acids Res, 46, D649-D655. ↗

Fabregat, A., Korninger, F., Viteri, G., Sidiropoulos, K., Marin-Garcia, P., Ping, P. et al. (2018). Reactome graph data-
base: Efficient access to complex pathway data. PLoS computational biology, 14, e1005968. ↗

Reactome database release: 88

This document contains 2 pathways and 4 reactions (see Table of Contents)

https://reactome.org Page 2

http://www.ncbi.nlm.nih.gov/pubmed/28249561
http://www.ncbi.nlm.nih.gov/pubmed/29077811
http://www.ncbi.nlm.nih.gov/pubmed/29145629
http://www.ncbi.nlm.nih.gov/pubmed/29377902
https://reactome.org


Calnexin/calreticulin cycle ↗

Stable identifier: R-HSA-901042

The unfolded protein is recognized by a chaperon protein (calnexin or calreticulin) and the folding process starts. 
The binding of these protein requires a mono-glucosylated glycan (Caramelo JJ and Parodi AJ, 2008) and lectin-
based interaction with client proteins is the predominant contributor to chaperone activity of calreticulin (inferred 
from the mouse homolog in Lum et al. 2016).
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Binding of calnexin/calreticulin to the unfolded protein ↗

Location: Calnexin/calreticulin cycle

Stable identifier: R-HSA-535717

Type: binding

Compartments: endoplasmic reticulum lumen

Calnexin (membrane protein) and calreticulin (soluble in ER) are two lectins (proteins that can bind a glycan) which 
recognize the mono-glucosylated form of the N-glycan and mediate the folding of the glycoproteins to which they 
are attached to (Ou WJ et al, 1993; Nauseef Wm et al, 1995). Calmegin is another chaperone with the same role 
expressed only in testis (van Lith M et al, 2007). These lectins act as chaperons, providing a protected environment 
where the unfolded glycoprotein can fold without forming interactions with other proteins or components in the ER. 
The unfolded protein can loop between these two steps multiple time, therefore this process is called the 
'calnexin/calreticulin cycle'. If the protein achieves correct folding, it is modified by Mannosidase I and then moved 
to the cis-Golgi where the glycan is further processed.

Followed by: Binding of ERp57
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Binding of ERp57 ↗

Location: Calnexin/calreticulin cycle

Stable identifier: R-HSA-901047

Type: binding

Compartments: endoplasmic reticulum lumen

ERp57/ERp27 is a thiol-oxidoreductase that interacts with calnexin and mediates the formation of disulfide bonds in 
the unfolded glycoprotein (Alanen HI et al, 2006).

Preceded by: Binding of calnexin/calreticulin to the unfolded protein

Followed by: Removal of the third glucose by glucosidase II and release from the chaperone
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Removal of the third glucose by glucosidase II and release from the chaperone ↗

Location: Calnexin/calreticulin cycle

Stable identifier: R-HSA-548890

Type: transition

Compartments: endoplasmic reticulum lumen

While the protein is bound to the chaperone complex, the glycan is still accessible to glucosidase II, which 
eventually removes the last remaining glucose residue. This also results in breaking the interaction between the 
chaperone and the glycoprotein, independently of whether the latter has achieved proper folding (Pelletier MF et al, 
2000). This has been interpreted as a 'timing mechanism', in which a protein has only a limited period of time to 
achieve correct folding when bound to the chaperone, to avoid the scenario where proteins that take too long to fold 
would block the availability of CNX or CRT. Proteins with folding defects get transported to the Endoplasmic 
Reticulum Quality Control Compartment, while proteins with correct folding are transported to the cis-Golgi where 
the glycan is further modified.

Preceded by: Binding of ERp57

Followed by: Incorrectly folded glycoproteins translocate to the ERQC
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Incorrectly folded glycoproteins translocate to the ERQC ↗

Location: Calnexin/calreticulin cycle

Stable identifier: R-HSA-912291

Type: transition

Compartments: endoplasmic reticulum quality control compartment, endoplasmic reticulum lumen

Proteins with folding defects get transported to the Endoplasmic Reticulum Quality Control Compartment (Molinari, 
2007).

Preceded by: Removal of the third glucose by glucosidase II and release from the chaperone
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ER Quality Control Compartment (ERQC) ↗

Location: Calnexin/calreticulin cycle

Stable identifier: R-HSA-901032

Proteins that are released from the CNX or CRT complex with folding defects accumulate in a compartment of the 
ER called ERQC (Kamhi-Nesher et al. 2001). Here, the enzymes UGGG1 or UGGG2 are able to recognize 
glycoproteins with minor folding process and re-add the glucose on the alpha,1,3 branch; this is a signal for the 
transport of these glycoproteins back to the ER, where they can interact again with CNX or CRT in order to achieve 
a correct folding. At the same time that the glycoprotein is in the ERQC, the enzyme ER mannosidase I 
progressively removes the mannoses at positions 1A, 2A, B, C on N-glycans; when the mannose on 1A is trimmed, 
UDP-Glc:glycoprotein glucosyltransferases 1 and 2 (UGGT1 and 2) are no longer able to re-add the glucose, and 
therefore the protein is destined for ERAD. Glycoproteins subject to endoplasmic reticulum-associated degradation 
(ERAD) undergo reglucosylation, deglucosylation, and mannose trimming to yield Man6GlcNAc2 and 
Man5GlcNAc2. These structures lack the mannose residue that is the acceptor of glucose transferred by UGGT1 and 
2. For years it has been thought that the removal of the mannose in position B of the N-glycan was the signal to 
direct proteins to degradation. However, this mechanism has been described better by Avezov et al (Avezov et al. 
2008) and it has been demonstrated that even glycoproteins with Man8 or Man7 glycans can be re-glucosylated and 
interact again with CNX or CRT (for a review on this topic, see Lederkremer 2009 and Maattanen P et al, 2010).
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