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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).
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Pre-NOTCH Expression and Processing ↗

Stable identifier: R-HSA-1912422

Compartments: nucleoplasm, cytosol, endoplasmic reticulum membrane, endoplasmic reticulum lu-
men, Golgi membrane, Golgi lumen, plasma membrane

In humans and other mammals the NOTCH gene family has four members, NOTCH1, NOTCH2, NOTCH3 and 
NOTCH4, encoded on four different chromosomes. Their transcription is developmentally regulated and tissue 
specific, but very little information exists on molecular mechanisms of transcriptional regulation. Translation of 
NOTCH mRNAs is negatively regulated by a number of recently discovered microRNAs (Li et al. 2009, Pang et 
al.2010, Ji et al. 2009, Kong et al. 2010, Marcet et al. 2011, Ghisi et al. 2011, Song et al. 2009, Hashimoto et al. 
2010, Costa et al. 2009).  
 
The nascent forms of NOTCH precursors, Pre-NOTCH1, Pre-NOTCH2, Pre-NOTCH3 and Pre-NOTCH4, undergo 
extensive posttranslational modifications in the endoplasmic reticulum and Golgi apparatus to become functional. In 
the endoplasmic reticulum, conserved serine and threonine residues in the EGF repeats of NOTCH extracellular 
domain are fucosylated and glucosylated by POFUT1 and POGLUT1, respectively (Yao et al. 2011, Stahl et al. 
2008, Wang et al. 2001, Shao et al. 2003, Acar et al. 2008, Fernandez Valdivia et al. 2011).  
 
In the Golgi apparatus, fucose groups attached to NOTCH EGF repeats can be elongated by additional glycosylation 
steps initiated by fringe enzymes (Bruckner et al. 2000, Moloney et al. 2000, Cohen et al. 1997, Johnston et al. 1997, 
Chen et al. 2001). Fringe-mediated modification modulates NOTCH signaling but is not an obligatory step in Pre-
NOTCH processing. Typically, processing of Pre-NOTCH in the Golgi involves cleavage by FURIN convertase 
(Blaumueller et al. 1997, Logeat et al. 1998, Gordon et al. 2009, Rand et al. 2000, Chan et al. 1998). The cleavage of 
NOTCH results in formation of mature NOTCH heterodimers that consist of NOTCH extracellular domain (NEC i.e. 
NECD) and NOTCH transmembrane and intracellular domain (NTM i.e. NTMICD). NOTCH heterodimers 
translocate to the cell surface where they function in cell to cell signaling.
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Pre-NOTCH Transcription and Translation ↗

Location: Pre-NOTCH Expression and Processing

Stable identifier: R-HSA-1912408

Compartments: cytosol, nucleoplasm, endoplasmic reticulum membrane

In humans, the NOTCH protein family has four members: NOTCH1, NOTCH2, NOTCH3 and NOTCH4. NOTCH1 
protein was identified first, as the product of a chromosome 9 gene translocated in T-cell acute lymphoblastic 
leukemia that was homologous to Drosophila Notch (Ellisen et al. 1991). At the same time, rat Notch1 was cloned 
(Weinmaster et al. 1991), followed by cloning of mouse Notch1, named Motch (Del Amo et al. 1992). NOTCH2 
protein is the product of a gene on chromosome 1 (Larsson et al. 1994). NOTCH2 expression is differentially 
regulated during B-cell development (Bertrand et al. 2000). NOTCH2 mutations are a rare cause of Alagille 
syndrome (McDaniell et al. 2006). NOTCH3 is the product of a gene on chromosome 19. NOTCH3 mutations are 
the underlying cause of CADASIL, cerebral arteriopathy with subcortical infarcts and leukoencephalopathy (Joutel 
et al. 1996). NOTCH4, the last NOTCH protein discovered, is the product of a gene on chromosome 6 (Li et al. 
1998).  
 
MicroRNAs play an important negative role in translation and/or stability of NOTCH mRNAs. MicroRNAs miR-34 
(miR-34A, miR-34B and mi-R34C), whose transcription is directly induced by the tumor suppressor protein p53 
(Chang et al. 2007, Raver-Shapira et al. 2007, He et al. 2007, Corney et al. 2007) bind and negatively regulate 
translation of NOTCH1 mRNA (Li et al. 2009, Pang et al. 2010, Ji et al. 2009) and NOTCH2 mRNA (Li et al. 2009). 
NOTCH1 mRNA translation is also negatively regulated by microRNAs miR-200B and miR-200C (Kong et al. 
2010), as well as miR-449A, miR-449B and miR-449C (Marcet et al. 2011). Translation of NOTCH3 mRNA is 
negatively regulated by microRNAs miR-150 (Ghisi et al. 2011) and miR-206 (Song et al. 2009). Translation of 
NOTCH4 mRNA is negatively regulated by microRNAs miR-181C (Hashimoto et al. 2010) and miR-302A (Costa et 
al. 2009).  
 
Nascent NOTCH peptides are co-translationally targeted to the endoplasmic reticulum for further processing, 
followed by modification in the Golgi apparatus, before trafficking to the plasma membrane. Endoplasmic reticulum 
calcium ATPases, positively regulate NOTCH trafficking, possibly by contributing to accurate folding of NOTCH 
precursors (Periz et al. 1999).
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Pre-NOTCH Processing in the Endoplasmic Reticulum ↗

Location: Pre-NOTCH Expression and Processing

Stable identifier: R-HSA-1912399

Compartments: endoplasmic reticulum membrane, endoplasmic reticulum lumen

In the endoplasmic reticulum, glycosyl transferases modify NOTCH precursors by glycosylating conserved serine 
and threonine residues in EGF repeats of NOTCH.  
 
O-fucosyl transferase POFUT1 fucosylates NOTCH serine and threonine residues that conform to the consensus 
sequence C2-X(4-5)-S/T-C3, where C2 and C3 are the second and third cysteine residue within the EGF repeat, and 
X(4-5) is four to five amino acid residues of any type (Yao et al. 2011, Stahl et al. 2008, Wang et al. 2001, Shao et 
al. 2003).  
 
O-glucosyl transferase POGLUT1, mammalian homolog of the Drosophila enzyme Rumi, adds a glucosyl group to 
conserved serine residues within the EGF repeats of NOTCH. The consensus sequence for POGLUT1-mediated 
glucosylation is C1-X-S-X-P-C2, where C1 and C2 are the first and second cysteine residue in the EGF repeat, 
respectively, while X represents any amino acid (Acar et al. 2008, Fernandez-Valdivia et al. 2011). Both 
fucosylation and glucosylation of NOTCH receptor precursors are essential for functionality.
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Pre-NOTCH Processing in Golgi ↗

Location: Pre-NOTCH Expression and Processing

Stable identifier: R-HSA-1912420

Compartments: Golgi membrane, Golgi lumen, plasma membrane, endoplasmic reticulum membrane

NOTCH undergoes final posttranslational processing in the Golgi apparatus (Lardelli et al. 1994, Blaumueller et al. 
1997, Weinmaster et al. 1991, Weinmaster et al. 1992, Uyttendaele et al. 1996). Movement of NOTCH precursors 
from the endoplasmic reticulum to Golgi is controlled by SEL1L protein, a homolog of C. elegans sel-1. SEL1L 
localizes to the endoplasmic reticulum membrane and prevents translocation of misfolded proteins, therefore serving 
as a quality control check (Li et al. 2010, Sundaram et al. 1993, Francisco et al. 2010). Similarly, C. elegans sel-9 
and its mammalian homolog TMED2 are Golgi membrane proteins that participate in quality control of proteins 
transported from Golgi to the plasma membrane. Translocation of a mutant C. elegans NOTCH homolog lin-12 from 
the Golgi to the plasma membrane is negatively regulated by sel-9 (Wen et al. 1999). A GTPase RAB6 positively 
controls NOTCH trafficking through Golgi (Purcell et al. 1999).  
 
 
Processing of mammalian NOTCH precursors in the Golgi typically involves the cleavage by FURIN convertase. 
Pre-NOTCH is a ~300 kDa protein, and cleavage by FURIN produces two fragments with approximate sizes of 110 
kDa and 180 kDa. The 110 kDa fragment contains the transmembrane and intracellular domains of NOTCH and is 
known as NTM or NTMICD. The 189 kDa fragment contains NOTCH extracellular sequence and is known as NEC 
or NECD. The NTM and NEC fragments heterodimerize (Blaumueller et al. 1997, Logeat et al. 1998, Chan et al. 
1998) and are held together by disulfide bonds and calcium ions (Rand et al. 2000, Gordon et al. 2009).  
 
 
An optional step in Pre-NOTCH processing in the Golgi is modification by fringe enzymes. Fringe enzymes are 
glycosyl transferases that initiate elongation of O-linked fucose on fucosylated peptides by addition of a beta 1,3 N-
acetylglucosaminyl group, resulting in formation of disaccharide chains on NOTCH EGF repeats (GlcNAc-bet1,3-
fucitol). Three fringe enzymes are known in mammals: LFNG (lunatic fringe), MFNG (manic fringe) and RFNG 
(radical fringe). LFNG shows the highest catalytic activity in modifying NOTCH (Bruckner et al. 2000, Moloney et 
al. 2000). Fringe-created disaccharide chains on NOTCH EGF repeats are further extended by B4GALT1 (beta-1,4-
galactosyltransferase 1), which adds galactose to the N-acetylglucosaminyl group, resulting in formation of 
trisaccharide Gal-beta1,4-GlcNAc-beta1,3-fucitol chains (Moloney et al. 2000, Chen et al. 2001). Formation of 
trisaccharide chains is the minimum requirement for fringe-mediated modulation of NOTCH signaling, although 
fringe-modified NOTCH expressed on the cell surface predominantly contains tetrasaccharide chains on EGF 
repeats. The tetrasaccharide chains are formed by sialyltransferase(s) that add sialic acid to galactose, resulting in 
formation of Sia-alpha2,3-Gal-beta1,4-GlcNAc-beta1,3-fucitol (Moloney et al. 2000). Three known Golgi membrane 
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sialyltransferases could be performing this function: ST3GAL3, ST3GAL4 and ST3GAL6 (Harduin-Lepers et al. 
2001). The modification of NOTCH by fringe enzymes modulates NOTCH-signaling by increasing the affinity of 
NOTCH receptors for delta-like ligands, DLL1 and DLL4, while decreasing affinity for jagged ligands, JAG1 and 
JAG2.
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