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Figure 1. The Notch signaling pathway. Notch signaling is activated by the 

interaction between Notch receptors, on the signal receiving cell, and Notch ligands, 

on the signal sending cell. Receptor-ligand interaction activates two proteolytic 

cleavages of the Notch receptor, conducted by the ADAM metalloprotease (S2) and 

γ-secretase complexes (S3). Receptor processing leads to generation of the Notch 

intracellular domain (NICD). NICD translocates to the nucleus and regulates gene 

expression. The extracellular portion of the Notch receptor is transendocytosed, 

together with the ligand, into the signal sending cell. In the signal sending cell the 

receptor fragment is degraded, whereas the ligand may escape degradation and 

undergo recycling. Modified from D’Souza et al. (2010). 



 

 

Figure 2. Structure of the Notch receptor. The extracellular portion of the mammalian 

Notch receptor consist of 36 epidermal growth factor-like- domains (EGF), Lin-12 Notch 

repeats (LNR) followed by a transmembrane domain (TMD). The intracellular domain 

is made up of a RBP-Jκ associated molecule domain (RAM), ankyrin repeats (ANK), a 

nuclear localization sequence (NLS) and a transactivation domain including a proline-

glutamic acid-serine-threonine sequence (PEST). The sites for proteolytic processing 

of the receptor, conducted by the ADAM metalloprotease (S2) and the γ-secretase 

complex (S3), are indicated by arrows. Modified from Kopan & Ilagan (2009). 





 

 

Figure 3. Structure of the Notch ligands. The mammalian Notch ligands Jagged and 

Delta-like 1 (Dll1) consist of an DSL (Delta, Serrate, Lag2) motif and the Delta and 

OSM-11 domain (DOS) followed by additional epidermal growth factor-like- repeats 

(EGF). The DSL and DOS domains are critical for ligand-receptor interaction. 

Intracellularly the ligands carry a PDZ (PSD-95/Dlg/ZO-1)-motif, through which the 

ligands may interact with the cytoskeleton. The major difference between Jagged 

and Dll is the existence of a cysteine-rich domain on Jagged. Modified from Ascano 

et al. (2003), Kopan & Ilagan (2009). 







Figure 4. Canonical versus non-canonical Notch signaling. Non-canonical Notch 

signaling differs from the canonical Notch pathway in that it does not interact with CSL 

in the nucleus. Instead non-canonical Notch interacts with other signaling pathways 

such as the Wingless-Int (Wnt), NF-κB, hypoxia inducible factor- 1α (HIF-1α), AKT 

and c-Jun N-terminal kinase (JNK) pathways to name a few. Non-canonical Notch 

signaling may become activated ligand independently. Modified from Andersen et al. 

(2012) and Ayaz and Osborne (2014). 

































 

 

Figure 5. Interplay between Notch and VEGF signaling during angiogenesis. 

Vascular endothelial growth factor A (VEGF-A) binds to vascular endothelial growth 

factor receptor-2 (VEGFR-2) on endothelial cells inducing expression of Dll4. Dll4 

activates the Notch (N1) signaling pathway in adjacent endothelial cells and 

promotes tip and stalk cell selection through lateral inhibition. Notch activation in 

the stalk cell reduces VEGFR-2 expression and induces expression of VEGFR-1, 

which is catalytically inactive but a highly potent binder of VEGF-A. VEGFR-1 

thereby anatagonizes VEGFR-2 activation (Jakobsson et al., 2009; Siekmann et 

al., 2013). Notch signaling drives expression of Jagged1 in stalk cells (Boareto et 

al., 2015; Pedrosa et al., 2015) and Jagged1 expression in stalk cells is thought to 

prevent Dll4 activation of Notch in adjacent cells (Benedito et al., 2009; Pedrosa et 

al., 2015). In addition, Jagged mediates its proangiogenic function through 

enhancing VEGFR-2 expression (Pedrosa et al., 2015) and repressing the 

expression of soluble VEGFR-1 (SVEGFR-1) (Kangsamaksin et al., 2014).  
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Name Publication 

Human adrenal carcinoma SW13 cells III 

Human embryonic kidney (HEK293)  cells  II 

Human embryonic kidney (HEK293FLN) cells    

stably expressing FLN I,II,III 

Human Hela cervical cancer cells II 

Human umbilical vein endothelial (HUVEC) cells III 

Mouse C2C12 myoblasts II 

Mouse 3T3 fibroblast stably overexpressing Jagged1  III 

Vim+/+ immortalized mouse embryonic fibroblasts (MEFs) III 

Vim-/- immortalized mouse embryonic fibroblasts (MEFs) III 

Name Publication 

Angiogenesis assay III 

Aortic ring assay III 

Biotinylation assay II,III 

Cell culture I,II,III 

Densitometry quantification I,II,III 

Fingerprint assay III 

Fluorescence-activated cell sorting I,II,III 

Image analysis I,II,III 

Immunofluorescence I,II,III 

Immunoprecipitation II 

Immunohistochemistry III 

In vitro phosphorylation and kinase activity assay II 



Name Publication 

In vivo transfection II 

Luciferase reporter assay I,II,III 

Microscopy I,II,III 

Neuropshere culture II 

Primary astrocyte culture I 

Quantitative reverse transcription PCR I,III 

Recycling assay III 

SDS-PAGE and westernblotting I,II,III 

Statistical analysis I,II,III 

Time lapse imaging III 

Transient transfections I,II,III 

Ubiquitylation assay II 

Name Publication 

12xCSL luciferase I,II,III 

12xCSL-DsRed II 

CMV-β-galactosidase I,II,III 

CAG-Notch1ΔE-myc-IRES-EGFP II 

caPKCι II 

caPKCζ II 

dnPKCζ II 

GFP-EEA1 II 

GFP-FYVE II 

GFP-Rab5                                kindly provided by Dr. J. Ivaska II,III 

GFP-Rab7                                kindly provided by Dr. J. Ivaska II,III 

Lamp1-GFP                             kindly provided by Dr. J. Ivaska II 

Notch1FLN II 

Notch1ΔE II 

Notch1ΔES1791A II 

Notch1ΔES1791E II 

Notch1ΔEK1749R II 

Notch1ICD II 



Name Application Publication 

Anti-Dll4 (Sigma Aldrich) WB III 

β-actin (Cell Signaling Technology) WB I,II,III 

β-tubulin (Covance) IF I 

BrdU (Nordic Biosite) IF I 

Cleaved Notch1 (Cell Signaling Technology) IP, WB II,III 

Delta C20 (Santa Cruz Biotechnology) WB III 

GFP (Clontech) WB II 

α-GFP (Invitogen) WB II 

HA1.1 (Covance) IP II 

Hsc70 (StressGen) WB II 

Jagged1 (Abcam) IF I 

Jagged1 28H8 (Cell Signaling Technology) WB I,III 

Lamp1 (Abcam) WB II 

Myosin heavy chain (Santa Cruz Biotechnology) IF, WB II 

NeuN (Chemicon) IF I 

Notch1 (Sigma Aldrich) WB II 

Notch C20 (Santa Cruz Biotechnology) IF, IP, WB I,II,III 

PKCζ (Santa Cruz Biotechnology) IF, IP, WB II 

Purified Rat anti mouse CD31 (PECAM-1)    

(BD Pharmingen) IHC III 

RIP (kind gift from Dr. Hockfield, Yale University) IF I 

S-100 (Dako) IF I 

Sox2 (Chemicon) IF I 

Sox2 (Santa Cruz Biotechnology) IF I 

Tbr2 (Abcam) IF I 

Vimentin D21H3 (Cell Signaling Technology) WB III 
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Figure 6. Notch1 is a substrate for PKCζ phosphorylation. Mass spectrometry 

analyses identified S1791 on murine Notch1 as the predominant phosphorylation site 

by PKCζ. 
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Figure 7. Vimentin regulates both Notch signal sending and signal receiving 

capacity. The signal sending capacity of vimentin deficient cells (Vim-/-) is weakened 

due to compromised receptor trans-endocytosis. Activation of the Notch signaling 

pathway is enhanced in Vim-/- cells as a result of enhanced endo-lysosomal 

processing of NICD. 
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Figure 8. Simplified diagram of the Notch signalling pathway and associated 

regulatory proteins. In the signal sending cell, ligand recycling require ubiquitination 

(Ub) by E3 ubiquitin ligases Mindbomb (Mib) or Neuralized (Neur). Vimentin 

regulates recycling of Jagged and recycling is faster in the absence of vimentin. 

Receptor activation and trans-endocytosis of ligand bound NECD also require ligand 

ubiquitination by Mib or Neur. Epsin, dynamin and actin participate in trans-

endocytosis. Our findings indicate that vimentin is necessary for efficient trans-

endocytosis and creation of the pulling force. In the signal receiving cell, 

ubiquitination by E3 ubiquitin ligases (Numb, Itch/AIP4, Nedd4, Cbl, Deltex+Kurz) 

promotes Notch receptor degradation. aPKCζ mediated phosphorylation of non-

activated Notch receptors facilitates receptor internalization and ubiquitination, but 

not receptor degradation. aPKCζ may instead promote receptor recycling. During 

active signaling aPKCζ promotes endocytosis and NICD translocation from 

intracellular vesicles to the nucleus. In addition, our findings show a role for vimentin 

in regulation of receptor processing and NICD release from late endosomal 

compartments. Adapted from Sigismund (2012) and Moretti and Brou (2013). 
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