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Abstract 

Protein kinases (PKs) are a family of 518 enzymes that catalyze the phosphorylation of substrates containing 

serine, threonine or tyrosine residues (Ser/Thr/Tyr). One of the members of this superfamily is Casein Kinase 

1 (CK1), a subset that is composed by six isoforms: the isoform ŭ (CK1ŭ), in particular, is the protein on which 

the PhD thesis is focused. This target is involved in several physiological processes modulating different 

signaling pathways and deregulations can lead to the development of pathological conditions including cancer, 

circadian rhythm disorders and neurodegenerative diseases. CK1ŭ results implied in Alzheimerôs, Parkinsonôs 

diseases (AD; PD) and Amyotrophic Lateral Sclerosis (ALS) which are all characterized by 

hyperphosphorylation of proteins and accumulation of aggregates contributing to trigger neuroinflammatory 

and neurodegenerative processes. Given the role of CK1ŭ in these disorders, the kinase appears an appealing 

target to be studied. In this PhD thesis, series of ATP-competitive CK1ŭ inhibitors have been developed to 

obtain promising candidates that can be used as tools in neurodegenerative diseases. Several heteroaromatic 

systems have been functionalized to outline and deepen a structure-activity relationship profile (SAR). 

Metabolism-based, new scaffold-based and molecular simplification-based strategies has been applied to gain 

the fixed goal. 

Synthesis and characterization of benzo[d]thiazole derivatives: a metabolism-based strategy 

Riluzole (34), an approved drug for ALS, is characterized by an intricated and unclear mechanism of action. 

It has proved to reduce the excitotoxic effects of glutamate in brain mitigating the diseaseôs progression. The 

research group in which I conducted the PhD and the collaborators of Padua, have in silico postulated and 

experimentally demonstrated an activity of this candidate on CK1ŭ with an IC50 of 16.1 ɛM. Riluzole (34) 

underwent a strong hepatic and extrahepatic metabolism; one of the main metabolites produced is the 

hydroxylamine that is subjected to quick glucuronoconjugation. Therefore, the first purpose is represented by 

the achievement of this metabolite to establish an additional link between CK1ŭ and riluzole (34). N-

hydroxylamine metabolite (39) displays an IC50 in the high micromolar range of 35.1 ɛM that agrees with the 

reported one for riluzole. This represents an important achievement since provides the validation of the 

hypothesis for which the CK1ŭ-mediated action can be one of the mechanisms of action explicated by riluzole. 

Moreover, a series of functionalized derivatives has been developed to modify phase II metabolism of the 

approved candidate. Several types of alkyl and arylalkyl chains have been introduced and most of the 

synthesized compounds have proved to be inactive with the exception of pentyl derivative that has registered 

an activity of 4.40 ɛM (73). In addition, another starting point is represented by the hydrazine derivative (42) 

that, according to the computational studies, seems to conserve the capability of binding the target. 

Surprisingly, it has revealed an IC50 of 3.64 ɛM denoting a marked improvement of the activity. To outline the 

structure-activity relationship profile of this series, the hydrazine moiety has been functionalized with linear 

and branched chains as well as aryl and arylalkyl groups. All the developed compounds have proved to be 

active excepting ethylhexyl derivative and, in particular, isopentyl and benzyl candidates have proved to be 

the best of the series achieving IC50s of 0.92 (98) and 1.62 (99), respectively. Final derivatives have been 

characterized from biochemical and biological point of view. The BBB-permeability using BBB-PAMPA 

(Parallel Artificial Membrane Permeability Assay) has been predicted and all the synthesized compounds have 

proved to be permeable. Moreover, the ATP-competitive behavior as well as the stability effect of the binding 

towards the target with TSA (Thermal Shift Assay) have been carried out for the best compound of the series. 

To explore a preliminary selectivity profile of candidates, the screening on GSK3ɓ, another kinase involved 

in neurodegeneration has been performed for riluzole, its hydroxylamine metabolite and the two best 

derivatives; N-hydroxylamine metabolite has reported an IC50 of 23.1 ɛM, in the same range for the registered 

one for CK1ŭ. Finally, in vitro assays on neuroblastoma cell lines (SH-SY5Y) has been performed; preliminary 
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MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) test to establish if derivatives are toxic 

has highlighted a strong toxicity for N-hydroxylamine metabolite (39). Neuroprotection assays, conducted for 

compounds that have displayed to be harmless for cells, have been denoted an important effect of riluzole but 

non-positive contributions for best derivatives of the series. Thus, a preliminary Western Blot analysis has 

been carried out for riluzole but the drug has not determined a decrease in the phosphorylation of TDP-43. In 

conclusion, preliminary results have been achieved by assaying riluzole in Drosophila models overexpressing 

TDP-43: an improvement in the lifespan of flies has been observed. Nevertheless, further results are required 

to validate all the collected data.  

 

Development of tri- and tetra-substituted pyrazines: new scaffold-based strategy 

A routinely screening of in-house molecules designed for a completely different purpose has highlighted the 

activity on CK1ŭ in the high micromolar range of three tetra-substituted 2-amino pyrazines bearing 2-fluoro-

6-methylpyridine at the 6-position and 4-fluorophenyl ring at the 5-location. The three compounds differ for 

the alkyl chain introduced at the 3-position of the scaffold. Starting from these compounds, several moieties 

have been inserted in 3 of the 4 positions of the nucleus trying different combinations in order to enhance the 

activity towards CK1ŭ. Some synthetic precursors of 3-alkyl derivatives have been assayed on the target 

revealing the crucial substitution at the 5-location to obtain activity. This SAR hypothesis has been confirmed 

by developing 3-amino derivatives functionalized with a 4-fluorophenyl at the 6-location: without moieties at 

the 5-position, these compounds have reported no activity towards CK1ŭ. The situation changes introducing 

4-fluorophenyl moiety at the 5-position while inserting an ester at the 3-position: ethyl ester derivative showed 

an IC50 of 12.3 ɛM (125). Interestingly, the exploration of the position 5 of the ring has led to promising results: 

introducing a double fluorophenyl ring at -5 and -6 location, an IC50 of 1.86 ɛM (137) has been achieved and 

the activity improves when 4-fluorophenyl moiety has been substituted with pyridine achieving an IC50 of 69.0 

nM (138), the best compound of the series. Then, functionalizing bis fluorophenyl derivative with amino 

groups at the 3-position such as piperazine, the activity of 0.86 ɛM (136) has been reached. Changing nature 

of substituent, inserting a butyl chain at the 3-location, the activity improves (120, IC50 = 0.20 ɛM). Given the 

promising results of the series, biochemical and biological investigations have been conducted. Firstly, the 

Riluzole (34) IC50 = 16.1 ɛM 

39, IC50 = 35.1 ɛM 
42, IC50 = 3.64 ɛM 

73, IC50 = 4.40 ɛM 

98, IC50 = 0.92 ɛM 

99, IC50 = 1.62 ɛM 

https://en.wikipedia.org/wiki/Numeral_prefix
https://en.wikipedia.org/wiki/Methyl_group
https://en.wikipedia.org/wiki/Thiazole
https://en.wikipedia.org/wiki/Phenyl_group
https://en.wikipedia.org/wiki/Bromide
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BBB-permeabilities have been evaluated: 3-piperazine derivative as well as the most potent compound of the 

series have displayed borderline values while the double fluorophenyl candidate has shown a CNS+ feature 

according to the performed BBB-PAMPA. The ATP-competitive behavior as well as the capability to stabilize 

the target have been evaluated for the most potent candidate. Moreover, the most promising derivatives have 

been screened on GSK3ɓ: it is interesting to explore the selectivity of this new scaffold-based series towards 

other kinases. The derivatives have proved to be inactive on GSK3ɓ. Most potent compounds of the series 

have been assayed on neuroblastoma cell lines: they have proved to be harmless for cells in MTT assay at the 

concentrations of 5 and 10 ɛM; in neuroprotection assay, in particular, the most active derivative has shown a 

neuroprotective effect at the concentration of 1 ɛM. The Western Blot preliminary experiment has been 

conducted to observe a decrease in TDP-43 phosphorylation; in this case two contradictory results have been 

obtained suggesting that further investigations are required to confirm the results.  

 

 

 

 

 

 

 

 

 

 

 

 

1,3,5-Triazines as CK1ŭ inhibitors: a simplification strategy  

The bicyclic derivative 5-(7-amino-5-(benzylamino)-[1,2,4]triazolo[1,5-a][1,3,5]triazin-2-yl)benzen-1,3-diol 

(35)  that has reported an IC50 of 0.18 ɛM on CK1ŭ. Moreover, it has proved to be not cytotoxic against 

peripheral blood lymphocytes as well as neuroblastoma cells. The synthetic strategy to obtain 

[1,2,4]triazolo[1,5-a]triazine (TT) derivatives involves eight steps and, in particular, the intramolecular 

cyclization leads to low yields. In order to simplify the synthetic approach, a molecular simplification has been 

applied functionalizing the 1,3,5-triazine nucleus opening the possibility to develop a quick and deep SAR 

profile. Several substituents have been considered: amino moieties have been inserted at 6-position of the 

scaffold maintaining poly methoxy and hydroxyphenyl groups as R2 linked by a linker of different size and 

nature including hydrazide, alkyl chain, amino moiety as well as ureido group. A few compounds of the series 

have proved to be active in the high micromolar range, the best one displayed an IC50 of 19.6 ɛM (174). Its 

activity suggests that it behaves more as fragment than full inhibitor; therefore, a molecular hybrid has been 

developed by fusing N-benzyl-4,6-dichloro-1,3,5-triazin-2-amine and 4-fluoro-1H-indazol-3-amine, 

heteroaromatic molecule discovered in a Fragment-Based Drug Discovery work published by the research 

group that reported an activity of 24.9 ɛM. The molecular hybrid has determined an improvement in the IC50 

 

137, IC50 = 1.86 ɛM 

 

138, IC50 = 0.069 ɛM 

 

120, IC50 = 0.20 ɛM 

 

136, IC50 = 0.86 ɛM 

 

125, IC50 = 12.3 ɛM 
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(142, 3.86 ɛM) confirming this strategy as challenging. This molecule has been confirmed as an ATP-

competitive CK1ŭ inhibitor. Moreover, the screening on GSK3ɓ, that allows to obtain some information about 

the activity towards another kinase involved in neurodegeneration, has led to an inactive derivative. 

Nevertheless, despite the promising CNS-predicted permeability of the candidate, the in vitro investigation on 

neuroblastoma cell lines has highlighted a strong toxicity of the derivative in MTT assay. Thus, applying this 

strategy the optimization of the compound by functionalizing the indazole fragment can be available to might 

allow the development of a new series of inhibitors. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

35, IC50 = 0.18 ɛM 

 

174, IC50 = 19.6 ɛM 

 

142, IC50 = 3.86 ɛM 
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Riassunto 

Le protein kinasi sono unôimportante famiglia di 518 enzimi che catalizzano la fosforilazione di substrati che 

contengono residui di serina, treonina o tirosina. Uno dei membri di questa superfamiglia è la Casein Kinase 

1, un insieme di enzimi composto da sei isoforme: lôisoforma ŭ (CK1ŭ), in particolare, è la proteina su cui si 

focalizza questa tesi. Questo bersaglio è coinvolto in diversi processi fisiologici che modulano diversi percorsi 

di segnalazione e le deregolazioni possono portare allo sviluppo di condizioni patologiche tra cui cancro, 

disturbi del ritmo circadiano e malattie neurodegenerative. I risultati di CK1ŭ sono impliciti nell'Alzheimer, 

nel morbo di Parkinson (AD; PD) e nella sclerosi laterale amiotrofica (SLA), che sono tutti caratterizzati da 

iperfosforilazione delle proteine e accumulo di aggregati che contribuiscono a innescare processi 

neuroinfiammatori e neurodegenerativi. Dato il ruolo di CK1ŭ in questi disturbi, la chinasi appare un 

interessante bersaglio da studiare. In questa tesi di dottorato, sono state sviluppate serie di inibitori CK1ŭ ATP-

competitivi per ottenere candidati promettenti che possono essere utilizzati come strumenti nelle malattie 

neurodegenerative. Diversi sistemi eteroaromatici sono stati funzionalizzati per delineare e approfondire un 

profilo di relazione struttura-attività (SAR). Per raggiungere l'obiettivo prefissato sono state applicate nuove 

strategie basate sul metabolismo, basate su scaffold e basate sulla semplificazione molecolare. 

Sintesi e caratterizzazione di derivati benzo[d]thiazolici: una strategia ñmetabolism-basedò 

Il riluzolo (34), un farmaco approvato per la SLA, è caratterizzato da un meccanismo d'azione intricato e poco 

chiaro. Ha dimostrato di ridurre gli effetti citotossici del glutammato nel cervello mitigando la progressione 

della malattia. Il gruppo di ricerca in cui ho condotto il dottorato e i collaboratori di Padova, hanno postulato 

in silico e dimostrato sperimentalmente un'attività di questo candidato su CK1ŭ con una IC50 di 16.1 ɛM. Il  

riluzolo (34) ha subito un forte metabolismo epatico ed extraepatico; uno dei principali metaboliti prodotti è 

l'idrossilammina che viene sottoposta a rapida glucuronoconiugazione. Pertanto, il primo scopo è rappresentato 

dal raggiungimento di questo metabolita per stabilire un legame aggiuntivo tra CK1ŭ e il riluzolo (34). Il 

metabolita N-idrossilamminico (39) ha mostrato un IC50 nell'intervallo micromolare di 35.1 ɛM che concorda 

con quello riportato per il riluzolo. Questo rappresenta un risultato importante poiché fornisce la convalida 

dell'ipotesi per cui l'azione mediata da CK1ŭ può essere uno dei meccanismi di azione esplicati dal riluzolo. 

Inoltre, è stata sviluppata una serie di derivati funzionalizzati per modificare il metabolismo di fase II del 

candidato approvato. Sono stati introdotti diversi tipi di catene alchiliche e arilalchiliche e la maggior parte dei 

composti sintetizzati si è rivelata inattiva ad eccezione del derivato pentilico che ha registrato un'attività di 

4.40 ɛM (73). Inoltre, un altro punto di partenza è rappresentato dal derivato dell'idrazina (42) che, secondo 

gli studi computazionali, sembra conservare la capacità di legare il bersaglio. Sorprendentemente, ha rivelato 

un IC50 di 3.64 ɛM che denota un netto miglioramento dell'attività. Per delineare il profilo della relazione 

struttura-attività di questa serie, la porzione di idrazina è stata funzionalizzata con catene lineari e ramificate, 

nonché gruppi arilici e arilalchilici. Tutti i composti sviluppati si sono dimostrati attivi ad eccezione del 

derivato etilesile e, in particolare, i candidati isopentilici e benzilici si sono dimostrati i migliori della serie 

raggiungendo rispettivamente IC50 di 0.92 (98) e 1.62 (99). I derivati finali sono stati caratterizzati dal punto 

di vista biochimico e biologico. La permeabilità attraverso la BBB utilizzando il test BBB-PAMPA (Parallel 

Artificial Membrane Permeability Assay) è stata predetta e tutti i composti sintetizzati si sono dimostrati 

permeabili. Inoltre, il comportamento competitivo sull'ATP e l'effetto di stabilità del legame verso il bersaglio 

con TSA (Thermal Shift Assay) sono stati eseguiti per il miglior composto della serie. Per esplorare un profilo 

preliminare di selettività dei candidati, lo screening su GSK3ɓ, un'altra chinasi coinvolta nella 

neurodegenerazione, è stato eseguito per il riluzolo, il suo metabolita idrossilamminico e i due migliori derivati; 

Il metabolita N-idrossilamminico ha riportato un IC50 di 23.1 ɛM, nello stesso intervallo per quello registrato 

per CK1ŭ. Infine, sono stati eseguiti saggi in vitro su linee cellulari di neuroblastoma (SH-SY5Y); il test 

preliminare MTT (3-(4,5-dimetiltiazol-2-il) -2,5-difeniltetrazolio bromuro) per stabilire se i derivati sono 

innocui o meno, hanno evidenziato una forte tossicità per il metabolita N-idrossilamminico (39). I saggi di 
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neuroprotezione, condotti per composti che si sono dimostrati non-tossici per le cellule, hanno condotto ad un 

importante effetto del riluzolo ma contributi non positivi per i migliori derivati della serie. Pertanto, per il 

riluzolo è stata effettuata un'analisi preliminare di Western Blot ma il farmaco non ha determinato una 

diminuzione della fosforilazione di TDP-43. In conclusione, risultati preliminari sono stati ottenuti 

somministrando il riluzolo in modelli di Drosophila che sovraesprimono TDP-43: è stato osservato un 

miglioramento della durata della vita delle mosche. Tuttavia, sono necessari ulteriori risultati per convalidare 

tutti i dati raccolti. 

 

Sviluppo di pirazine tri- e tetra-sostituite: una strategia basata sullôutilizzo di nuovi scaffolds 

Uno screening di routine di molecole interne progettate per scopi completamente diversi ha evidenziato 

l'attività su CK1ŭ nell'intervallo alto micromolare per tre 2-amminopirazine tetra-sostituite recanti la 2-fluoro-

6-metilpiridina in posizione 6 e il gruppo 4-fluorofenil nella posizione 5. I tre composti si differenziano per la 

catena alchilica introdotta in posizione 3 dello scaffold. Partendo da questi composti, diversi gruppi sono stati 

inseriti nelle posizioni 3 e 4 del nucleo provando diverse combinazioni al fine di potenziare l'attività verso 

CK1ŭ. Alcuni precursori sintetici di derivati 3-alchilici sono stati saggiati sul bersaglio rivelando cruciale la 

sostituzione in posizione 5 per ottenere l'attività. Questa ipotesi SAR è stata confermata sviluppando derivati 

3-amminici funzionalizzati con un 4-fluorofenile in posizione 6: senza sostituenti in posizione 5, questi 

composti non hanno riportato alcuna attività verso CK1ŭ. La situazione cambia introducendo il gruppo 4-

fluorofenilico in posizione 5 mentre si inserisce un estere in posizione 3: il derivato dell'estere etilico ha 

mostrato unaôIC50 di 12.3 ɛM (125). È interessante notare che l'esplorazione della posizione 5 dell'anello ha 

portato a risultati promettenti: introducendo un doppio anello fluorofenilico in posizione -5 e -6, è stato 

raggiunta unôIC50 di 1.86 ɛM (137) e l'attività migliora quando la frazione 4-fluorofenilica è stato sostituita da 

una piridina raggiungendo unôIC50 di 69.0 nM (138), il miglior composto della serie. Quindi, funzionalizzando 

il bis-fluorofenil derivato con gruppi amminici in posizione 3 come la piperazina, si è raggiunta l'attività di 

0.86 ɛM (136). Cambiando la natura del sostituente, inserendo una catena butilica in posizione 3, l'attività 

migliora (120, IC50 = 0.20 ɛM). Dati i risultati promettenti della serie, sono state condotte indagini biochimiche 

e biologiche. In primo luogo, sono state valutate le permeabilità attraverso la BBB: il derivato 3-piperazinico 

Riluzole (34) IC50 = 16.1 ɛM 

39, IC50 = 35.1 ɛM 

73, IC50 = 4.40 ɛM 

42, IC50 = 3.64 ɛM 

99, IC50 = 1.62 ɛM 

98, IC50 = 0.92 ɛM 
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così come il composto più potente della serie hanno mostrato valori borderline mentre il candidato con un 

doppio fluorofenile ha mostrato una caratteristica CNS+ secondo il BBB-PAMPA eseguito. Il comportamento 

ATP-competitivo e la capacità di stabilizzare il bersaglio sono stati valutati per il candidato più potente. Inoltre, 

i derivati più promettenti sono stati saggiati su GSK3ɓ: è interessante esplorare la selettività di questa nuova 

serie verso altre chinasi. I derivati si sono dimostrati inattivi su GSK3ɓ. I composti più potenti della serie sono 

stati testati su linee cellulari di neuroblastoma: si sono dimostrati innocui per le cellule nel test MTT alle 

concentrazioni di 5 e 10 ɛM; nel saggio di neuroprotezione, in particolare, il derivato più attivo ha mostrato 

un effetto neuroprotettivo alla concentrazione di 1 ɛM. L'esperimento preliminare Western Blot è stato 

condotto per osservare una diminuzione della fosforilazione di TDP-43; in questo caso sono stati ottenuti due 

risultati contraddittori che suggeriscono la necessità di ulteriori indagini per confermare i risultati. 

 

 

 

 

 

 

 

 

 

 

 

 

1,3,5-Triazines come inibitori di CK1ŭ: una strategia di semplificazione 

Il derivato biciclico 5-(7-ammino-5-(benzilammino)-[1,2,4]triazolo[1,5-a][1,3,5]triazin-2-il)benzen-1,3- diolo 

(35) ha riportato unôIC50 di 0.18 ɛM su CK1ŭ. Inoltre, si è dimostrato non citotossico nei confronti di linfociti 

e delle cellule di neuroblastoma. La strategia sintetica per ottenere derivati [1,2,4]triazolo[1,5-a]triazinici (TT) 

prevede otto passaggi e, in particolare, la ciclizzazione intramolecolare porta a basse rese. Per semplificare 

l'approccio sintetico, è stata applicata una semplificazione molecolare funzionalizzando il nucleo 1,3,5-

triazinico aprendo la possibilità di sviluppare un profilo SAR rapido e approfondito. Sono stati considerati 

diversi sostituenti: gruppi amminici sono state inseriti in posizione 6 dello scaffold mantenendo i gruppi 

polimetossi e idrossifenilici come R2 collegati da un linker di diversa dimensione e natura tra cui unôidrazide, 

una catena alchilica, un gruppo amminico o ureidico. Alcuni composti della serie si sono dimostrati attivi 

nell'alto range micromolare, il migliore ha mostrato unôIC50 di 19.6 ɛM (174). La sua attività suggerisce che 

si comporti più come frammento che come inibitore completo; pertanto, un ibrido molecolare è stato sviluppato 

fondendo lôN-benzil-4,6-dicloro-1,3,5-triazin-2-ammina e la 4-fluoro-1H-indazol-3-ammina, molecola 

eteroaromatica scoperta in un lavoro di fragment-based pubblicato dal gruppo di ricerca che ha riportato 

un'attività di 24.9 ɛM. L'ibrido molecolare ha determinato un miglioramento dell'IC50 (142, 3.86 ɛM) 

confermando questa strategia come vincente. Questa molecola è stata confermata come un inibitore di CK1ŭ 

 

137, IC50 = 1.86 ɛM 

 

138, IC50 = 0.069 ɛM 

 

120, IC50 = 0.20 ɛM 

 

136, IC50 = 0.86 ɛM 

 

125, IC50 = 12.3 ɛM 
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ATP-competitivo. Inoltre, lo screening su GSK3ɓ, che permette di ottenere alcune informazioni sull'attività 

nei confronti di un'altra chinasi coinvolta nella neurodegenerazione, ha portato ad un derivato inattivo su questo 

target. Tuttavia, nonostante la promettente permeabilità del candidato, l'indagine in vitro su linee cellulari di 

neuroblastoma ha evidenziato una forte tossicità del derivato nel saggio dell'MTT. Pertanto, applicando questa 

strategia, l'ottimizzazione del composto mediante la funzionalizzazione del frammento indazolico può essere 

condotta per consentire lo sviluppo di una nuova serie di inibitori. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

35, IC50 = 0.18 ɛM 

 
174, IC50 = 19.6 ɛM 
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1. Introduction 
 

1.1. Protein Kinases 
The PhD thesis focuses on the development of ATP-competitive Casein Kinase 1 isoform ŭ (CK1ŭ) inhibitors. 

Kinome is partitioned in about 20 lipid kinases and 518 protein kinases. CK1ŭ is comprised in the superfamily 

of human Protein Kinases (PKs) that are encoded by 1.7% of human genes. 1 Among cluster of PKs,  478 are 

eukaryotic PKs (ePKs) and 40 are composed by lack sequences similarity with ePKs but have unknown activity 

and are called atypical protein kinases (aPK) as represented in Fig. 1. 1,2,3 

 

 

Figure 1: Human kinoma subdivision and ePK tree representation setting out kinase families that share a similarity in kinase 

domain. Abbreviations are given in specific chapter. 1,2 

   

 

 

 

 

 

 

 

 

Figure 2: Schematic representation of phosphorylation. 4 
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Protein kinases are able to catalyze the phosphorylation of substrates containing serine, threonine or tyrosine 

residues (Ser/Thr/Tyr) by transferring the ɔ-phosphoryl moiety of adenosine triphosphate (ATP) on hydroxy 

group of a specific aminoacidic residue, therefore it is possible to further divide PKs in Ser/Thr kinases and 

Tyr kinases (Fig. 2). 4 

To understand the mechanism of phosphotransfer reaction several efforts have been carried out summarized 

in the review of Wang et al. 5 The mechanism of this reaction can be concerted or stepwise in the associative 

or dissociative kinds. The concerted one represented in Panel A of Scheme 1 involves a single transition state, 

metaphosphate-like, in which the phosphoryl group binds in a non-covalent manner both nucleophile and 

leaving group. The associative stepwise mechanism consists in addition and elimination phases with the 

formation of penta-valent phosphorane intermediate while the dissociative one proceeds through the 

production of non-covalent transition adduct with either nucleophile and monomeric metaphosphate (Scheme 

1, Panel B). The vast majority of the ATP recruited by kinase as a cofactor in the catalytic process is Mg-

bound ATP: the bivalent metal, Mg2+ or less frequently Mn2+, helps to stabilize the charge of the ADP 

(adenosine diphosphate) leaving group. 5   

The ubiquitously expression of PKs affects many physiological aspects in cells including proliferation, growth, 

and death. The capability of kinases to participate in several signaling pathways with complicated and tricky 

mechanisms in which a plenty of players are involved makes these proteins promising and challenging targets. 

Dysregulations can lead to the development of pathological conditions such as circadian rhythm disorders, 

cancer and neurodegenerative diseases. 6 

 

1.1.3. Architecture of Protein Kinases 

PKs have the peculiarity to share common features in their architecture; the typical bilobed structure is 

composed by N-terminal lobe with five-stranded ɓ-sheets and an Ŭ-helix called the C-helix and C-terminal 

lobe consisting in six Ŭ-helices. The two domains are connected by the hinge region that defines the ATP-

binding pocket and this site appears to be conserved in kinome representing a limit in the design of selective 

kinase inhibitors. Thanks to the studies conducted by Hangs and Hunter in 1995 it has been possible to know 

lots of aminoacidic sequences in kinases, opening the possibility of elucidating key structural elements and 

crucial functions of these proteins. Several structural components compose the active site of kinases, and they 

are essential for the enzymatic activity. Among these features the activation loop, catalytic loop, P loop and 

Scheme  1: Associative (Panel A) and dissociative (Panel B) phosphotransfer reactions. 
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C-helix must be mentioned and descripted in detail in the following part with a mention for CK1ŭ, the protein 

kinase of interest (Fig. 3). 7,8,9  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

¶ P loop: the phosphate-binding loop (orange in Fig. 3) is a glycine-rich domain in N-terminal lobe that 

is conserved in kinome and defined with the motif Gly-X-Gly-X-X-Gly (Gly-Ser-Gly-Ser-Phe-Gly in 

CK1ŭ). This loop helps to stabilize the phosphates of ATP during catalysis. An amino acid of lysine 

of the P-loop that is located in ɓ-sheet in N-terminal domain (Lys-38 in CK1ŭ) results attractive residue 

for the development of selective covalent inhibitors due to its catalytic activity targeted by an 

appropriate electrophilic portion. 10,11,12,13 

¶ Activation loop: this loop (yellow in Fig. 3) is composed by 20 to 30 aminoacidic residues starting 

from DFG motif (Asp-Phe-Gly), which is highly conserved, extending to the APE cluster (Ala-Pro-

Glu) in the C-terminal lobe shaping a cleft for the location of substrate. The Asp residue of DFG in 

the active conformation of the enzyme (ñinò) is oriented on the side of ATP-binding pocket and it is 

able to coordinate the magnesium ion allowing its interaction with oxygen of ɓ phosphate of ATP. The 

activation statement of kinase can switch to the ñoutò conformation: the activation loop collapses into 

the hinge region by blocking the catalytic activity of the enzyme preventing the binding with substrate. 

In addition, in this scenario Asp and Phe of DFG motif switch roles and positions allowing Phe to 

Figure 3: representation of CK1ŭ and structural key elements crucial for the catalytic activity of kinase: P loop (orange), activation 

loop (yellow), C-helix (green), catalytic loop (red) and hinge region (light blue) with the ñgatekeeperò residue reported in blue. 

PDB code: 4HNF. 

 



1. Introduction 

 
29 

occupy the ATP-binding site but some evidences are also collected by Modi et al. about intermediate 

situations between activation and inactivation of kinases (Fig. 4). 9,14,15,16 

 

 

 

 

 

 

 

 

 

 

 

¶ C-helix: this section (green in Fig. 3) is the unique Ŭ-helix in N-terminal lobe of kinase. When the 

enzyme assumes the active conformation, the conserved Glu-91 included in C-helix is able to establish 

a salt bridge with a Lys-72 in ɓ3-strand of P-loop and this interaction appears conserved in ePK family. 
2,8  

¶ Catalytic loop: (red in Fig. 3) in the C-terminal lobe is localized the catalytic loop of kinase 

characterized by the HRD motif (His-Arg-Asp) in which the residue of aspartate plays an important 

role in the reaction between the enzyme and the substrate: during the transfer of ɔ-phosphate group, 

Asp deprotonates the hydroxy moiety of substrate allowing its nucleophilic attack towards ATP. In 

CK1ŭ the catalytic loop comprises residues 126-133 with the corresponding consensus sequence 

DVKPDN (Asp-Val-Lys-Pro-Asp-Asn) crucial for the ATP binding. 2,11  

¶ Hinge region: (light blue in Fig. 3) is the connection between the two lobes of the kinase and it defines 

the ATP-binding pocket. In CK1ŭ it is represented by the sequence M-E-L-L-G (Met82-Glu83-Leu84-

Leu85-Gly86). This is a key element in the architecture of the enzyme because lends itself to the 

housing of ATP-competitive inhibitors. Figure 5 represents the catalytic pocket for the 

accommodation of ATP. Met82, called ñgatekeeperò, is a particular residue represented in blue in Fig. 

3 which is a key amino acid for the accessibility at the level of catalytic motif of enzyme. Mutations 

of gatekeeper residue can influence the affinity and selectivity of small molecule inhibitors and also 

drug resistance.. 8,11,17,18 

 

 

 

 

 

 

 

Figure 4: position of Phe chain in DFG "in" (cyan), "out" (purple) 

and "inter" as intermediate state (orange). The superposition of 

Phe sidechains is shown for tyrosine kinases EGFR family 

(Epidermal Growth Factor Receptors) 9 
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1.2. Casein Kinase 1 isoform ŭ (CK1ŭ) 
Protein casein kinase 1 (CK1) gets its name from the capability to phosphorylate in vitro casein (milk protein). 

This enzyme comprises seven isoforms: Ŭ, ɓ, ɔ1, ɔ2, ɔ3, ŭ, Ů and their transcription variants (TVs). All the 

isoforms are expressed in humans except for the ɓ one. They share a high homology of kinase domains (51-

98% of conserved residues) schematically represented in Fig. 6, while C-terminal domain results in different 

lengths. The highest similarity has been reported between isoforms ŭ and Ů. 17,19 

 

Figure 6: schematic alignment of CK1 isoforms (32-52.2 kDa). The light green zone represents the conserved kinase domain while 

N- and C-termini portions (dark green) differ. 17 

The seven isoforms of CK1ŭ are ubiquitously expressed even if it is known that Ŭ, ŭ and Ů are located in 

cytoplasm and nucleus while the isoform ɔ appears to be the bound-membrane component of CK1 family. 20 

The discussion will be focused on the isoform ŭ whose gene encoding it, CSNK1D, was firstly isolated by 

Graves et al. in 1993 and it consists in a sequence of 1284 nucleotides. Several variants of CK1ŭ are described 

in different organisms and three TVs in humans. As shown in Table 1, sequences of human TVs appear 

conserved until residue 399. 7,11 

Figure 5: representation of CK1ŭ with its surface: the cycle 

highlights the ATP-binding pocket of the kinase. PDB code: 

4HGT, CK1ŭ co-crystallized with ADP. 



1. Introduction 

 
31 

Table 1: Partial alignment of sequences of TV1-3 of CK1ŭ. Residues conserved (372-399) are highlighted in yellow. Adapted by ref. 

11. 

HomoSapiens_TV1  

(1-415) 

RLHRGAPVNISSSDLTGRQDTSRMSTSQIPGRVASSGLQSVVHR------------- 

HomoSapiens_TV2  

(1-409) 

RLHRGAPVNISSSDLTGRQDTSRMSTSQNSIPFEHHGK------------------------- 

HomoSapiens_TV3  

(1-427) 

RLHRGAPVNISSSDLTGRQDTSRMSTSQRSRDMASLRLHAARQGTRCRPQRPRRTY- 

 

Over the years several crystal structures of CK1ŭ have been reported and co-crystallized with ligands and 

inhibitors. The chronological list of structures on Homo Sapiens is reported in Table 2. 

Table 2: crystal structures of CK1ŭ in chronological order: PDB code, ligands, resolution, year, and reference. 

PDB code Ligands Resolution (Å) Year Reference 

3UYS SO4 2.30 2012 21 

4HNF 16W 2.07 2012 21 

4HGT 15G 1.80 2012 22 

3UZP 0CK 1.94 2012 21 

3UYT 0CK, SO4 2.00 2012 21 

4TWC 
37J, BOG, DMS, GOL, 

SO4 
1.70 2012 23 

4KBK 1QG, SO4 2.10 2013 24 

4KBC 1QJ, EDO, SO4 1.98 2013 24 

4KBA 1QM, SO4 1.98 2013 24 

4KB8 1QN, 1QO, SO4 1.95 2013 24 

5MQV D5Q, SO4 2.15 2017 25 

5OKT 9XK, ACT, GOL, SO4 2.13 2018 26 

6GZM CIT, GOL, LCI 1.59 2018 27 

6RU8 ADP, EDO, NA, SO4 1.92 2020 28 

6RU7 ADP, EDO, NA 2.08 2020 28 

6RU6 ADP, EDO, NA, SO4 2.05 2020 28 

7P7F ADN, AMP, EDO, SO4 1.96 2022 29 

7P7G AMP, CIT, EDO 1.70 2022 29 

7P7H AMP 2.40 2022 29 

6RCG EDO, KOE 1.40 To be published  

6RGH EDO, KOE, NA, SO4 1.45 To be published  

4TN6 PFO, SO4 2.41 To be published  
 

CK1 is regulated by other protein kinases: it is demonstrated that the isoform ŭ can be phosphorylated by 

cAMP-dependent protein kinase (PKA), CDC-like kinase 2 (CLK2), protein kinase C Ŭ (PKCŬ). In particular, 

PKA was found to phosphorylate in vitro and in vivo Ser-370 of CK1ŭ and the result provides a decrease in 

the phosphorylation of substrate. 30 Regarding the isoform Ŭ, instead, Clokie and co-workers have reported the 

interaction with protein 14-3-3. 14-3-3 is an important member that can regulate several physiological 

functions included intracellular trafficking, modulation of cell cycle and signal transduction. CK1Ŭ is 

phosphorylated by the just discussed protein determining the modulation of different cellular functions. 31 

Interestingly, it is well known that CK1ŭ and Ů are less active when the truncation at C-terminal domain occurs 

and the autophosphorylation of these kinases is an important regulation mechanism studied both in vitro and 

in vivo. Maintenance of dephosphorylation status was detected in vivo. This evidence suggests that kinases 

consume ATP in this cycle decreasing their activity confirming the key role of protein phosphatases in the 

modulation of kinases. 32 CK1 is able to intercalate in several processes and, as reported, can take action 

downstream of other kinases preferring pre-phosphorylated negative-charged substrates bearing the consensus 
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sequence pS/pT-X-X-S*/T* in which S*/T* represent the amino acid target of phosphorylation. Nevertheless, 

non-canonical motif such as S-L-S have found to be phosphorylated in well-known substrates including 

nuclear factor of activated T-cells (NFAT) and ɓ-catenin whose signaling pathway is discussed in the following 

chapter. 32 Other phosphorylation clusters have been reported, for example sequence K/R-X-K/R-X-X-S/T 

suggesting that, despite the ability to phosphorylate primed substrates, CK1 family is able to phosphorylate 

also unprimed substrates. 33,34  

CK1ŭ results a promising target since it is implied in several signaling pathways including Wnt/ɓ-catenin, 

Hedgehog, Hippo and p-53 pathways, thus playing an important role in the setting of physiological functions. 

Its deregulation can lead to the development of several diseases such as circadian rhythm disorders, cancer and 

neurodegenerative pathological conditions.   

 

1.3. Cellular signaling pathways and development of cancer 
Upstream of the development of a disease there is a deregulation of a biochemical pathway and to describe the 

significant role of Casein Kinase 1; Wnt/ɓ-catenin, Hippo, Hedgehog and p-53 signaling pathways are 

discussed in following chapter to understand the implication of CK1ŭ in the development of several types of 

cancers as well as the complexity of interconnections between the various members implied in these pathways. 

It appears clear that inhibitors of this target can be useful as tools for the investigation of cancer conditions. 

 

1.3.1. Wnt/ɓ-catenin signaling pathway 

Wnt name of the Wnt/ɓ-catenin signaling pathway takes its name from the fusion of ñwinglessò, gene encoding 

for Drosophila segment polarity and ñintegratedò, the vertebrate homolog 35 and controls lots of biological 

and physiological functions and it is finely regulated. The crucial role of the perfect coordination of this 

pathway is reflected in several features including organogenesis, cell determinations and the modulation of 

primary axis formation. 36 The aberrant counterpart of this pathway could lead to the development of several 

pathological conditions; the first connection between the deregulation and the development of diseases was 

discovered in 1990s: the gene encoded for Adenomatous Polyposis Coli (APC) has been traced back to the 

occurrence of familial adenomatous polyposis, a type of cancer. 37,38 Mutations at the level of ɓ-catenin gene 

could determine a wide range of tumors including hepatocellular carcinoma, colon cancer, melanoma and 

sebaceous skin cancer. 37,39,40,41,42 Wnt signaling pathway can be divided into canonical and non-canonical in 

relation to the ɓ-catenin dependence. 43 In the canonical one, the presence of Wnt signal that binds the Frizzled 

(Fzd) receptor and Lipoprotein Receptor-Related (LRP) co-receptor determines the turning on of the pathway. 
43 The signal leads to the intracellular phosphorylation of LRP6 in its PPPSPxS motif by CK1 and GSK3ɓ, 

members of the Axin complex. GSK3ɓ-mediated phosphorylation is the primary event in the pathway that 

primes CK1 to phosphorylate the S (serine) in the PPPSPxS  motif of LRP6. 44,45 The double phosphorylation 

of LRP6 generates the docking site for the recruitment of the Axin complex called ñdisruption complexò whose 

members are Axin, APC, GSK3ɓ and CK1Ŭ and the induction of Dishevelled proteins that move from the 

plasma membrane. 45,46 This provides the stabilization of the Axine complex and the accumulation of ɓ-catenin 

that translocates at the level of nucleus binding several transcription factors including TCF/LEF (T-cells 

factors/lymphoid enhancer factor), TBX5 (T-box transcription factor 5) and HIF-1Ŭ (hypoxia-inducible factor-

1Ŭ). 47 In the absence of Wnt signal, the ɓ-catenin recruited by the ñdisruption complexò is phosphorylated in 

Ser-45 by CK1Ŭ and in Ser-33, Ser-37 and Thr-41 by GSK3ɓ determining its recognition by ɓ-Transducin 

Repeat Containing E3 Ubiquitin Protein Ligase catalyzing the polyubiquitylation at Ser-19. The catalysis of 

this reaction prompts the degradation of ɓ-catenin by the proteasome system. 46,48,49,50 The canonical Wnt-

signaling pathway discussed above in its activation and inactivation phases is represented in Fig. 7. Even if 

the isoform Ŭ plays the main role in the pathway, also the other isoforms of Casein Kinase are involved; LRP6 
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is phosphorylated by CK1ɔ with a positive regulation and CK1Ů with a negative one indicating a very intricate 

and complicated regulation. 17,51,52 In addition, CK1ŭ and CK1Ů can be activated by Wnt signal traducing it in 

the phosphorylation of Axin complex in several sites determining the disruption of the complex and, 

consequently, the degradation of ɓ-catenin even if the signaling pathway is in the active mode. CK1Ů also plays 

a role in the stabilization of ɓ-catenin thanks to the action of DDX3 (RNA helicase) recruited during the Wnt-

activation and this isoform is able to phosphorylate TCF3, a transcription factor, mediating its bound to ɓ-

catenin. 17,51,53,54 

The non-canonical Wnt-pathway is defined as ɓ-catenin independent. Wnt signal, in this case, can bind 

Frizzled receptor recruiting Dishevelled. Through an inhibitory effect on DAAM1 (Dishvelled Associated 

Activator of Morphogenesis 1), Dvl receptor affects the GPTase Rho determining the activation of ROCK 

(Rho kinase) and JNK (c-Jun N-terminal kinase) leading to the rearrangement of cytoskeleton and 

transcriptional response. 43,55,56,57 The same response of Wnt signal just described is also given by the triggering 

of phospholipase C activity via Frizzled GPCR-mediated (G-protein coupled receptors-mediated); the result is 

provided by the release of intracellular calcium. 43,58,59,60 Finally, isoforms ŭ and Ů are main characters in the 

positive regulation of non-canonical Wnt pathway phosphorylating DVL (Dishvelled) and, thus, providing the 

activation of Rho/JNK cascade. 17,51,53,54  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1.3.2. Hippo pathway 

Hippo pathway is involved in several processes including the modulation of cell proliferation and apoptosis. 
61 Deregulation of this finely regulated system can lead to the development of pathological conditions, included 

several types of cancer. The signaling pathway starts with the phosphorylation of large tumor suppressor 

LATS1/2 by mammalian Ste20-like kinase (MST1/2, ortholog of Drosophila Hippo) helped by adaptor protein 

Salvador (WW45) and MOB kinase activator 1 A/B (MOB1A/B). LATS1/2 is able to phosphorylate YAP 

!ŎǘƛǾŀǘŜŘ ²ƴǘπǎƛƎƴŀƭƛƴƎ ǇŀǘƘǿŀȅ LƴƘƛōƛǘŜŘ ²ƴǘπǎƛƎƴŀƭƛƴƎ ǇŀǘƘǿŀȅ 

Figure 7: representation of activated and inhibited Wnt-signaling pathway. In the presence of Wnt signal (activated pathway), the 

Axin complex is stabilized determining the accumulation and translocation of ɓ-catenin at the level of nucleus switching on the gene 

transcription. Without Wnt signal (inhibited pathway), instead, the Axin complex leads to the ubiquitylation of ɓ-catenin. 43 The image 

is created using BioRender. 
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(Yes-associate protein) and TAZ (Tafazzin protein) and this event triggers the inhibition of YAP/TAZ leading 

to the failure of nuclear interaction with the targets TEAD (TEA domain) which is a transcription factor and 

SMAD (SMA/mothers against decapentaplegic) determining the phosphodegron-mediated degradation of 

YAP/TAZ. 17,62,63,64 The just described mechanism is applied when the signaling pathway is in the ñonò mode; 

in this way the nuclear transcription of cyclin E and diap1, cell-cycle and death regulators, is locked. CK1ŭ 

and Ů are found as modulators in Hippo pathway since they are able to control several steps of the pathway. 

LATS phosphorylates on Ser-381 TAZ protein, and this is considered as a trigger event for the CK1ŭ/Ů-

mediated phosphorylation of phosphodegron of TAZ protein providing its degradation as a result. In addition, 

the TAZ phosphorylation on Ser-311 caused by the isoform Ů has proved to determine the same consequence: 

the ubiquitylation of TAZ. 17,62,65 Moreover, Xu et al. reported a possible connection between Hippo and Wnt 

pathways providing an idea of the complexity of interactions and concatenations between several members 

and effectors of pathways in vivo. MST1/2 can bind CK1Ů preventing the phosphorylation of DVL and 

determining the block of Wnt/ɓ-catenin pathway. 11  

 

1.3.3. Hedgehog pathway  

The Hedgehog pathway is predominant in child organism since its role in the organogenesis, while in adults it 

is important in renewing of epithelia of internal organs. Deregulations associated with this pathway can lead 

to the development of several cancer types including basal cell carcinoma, medulloblastomas, gliomas and 

gastrointestinal and prostate cancer. 66,67,68,69,70 Upstream of the pathway there is the activation of PTCH 

(membrane receptor Patched) by three Hh ligands: Sonic Hedgehog (Shh), Indian Hedgehog (Ihh) and Desert 

Hedgehog (Dhh). When ligands are absent, PTCH inhibits the activity of 7-pass membrane smoothened (SMO) 

blocking the signal transmission at the level of nucleus via glioma-associated oncogene transmission factors 

GLI1, GLI2, GLI3. Consequently, PKA, GSK3ɓ and CK1 are able to phosphorylate GLI factors making them 

available for the proteolytic degradation by suppressing the activity of SUFU (suppressor of fused), gene 

negative regulator of Hedgehog pathway. Moreover, SUFU prevents the activation of Hh genes by binding 

GLI in cytoplasm and nucleus. 17,71 When this cascade is in the ñonò modality, instead, Hh ligands can bind 

PTCH leading to the release of SMO and then activation of GLI factors that translocate at the nuclear level to 

start the transcription as reported in Fig. 8. 17,71 Interestingly, a crucial role of kinases CK1ŭ and GSK3ɓ have 

been proved by examining the phosphorylation of Ci-155 of an homolog in Drosophila of GLI2 and GLI3 that 

has resulted the trigger event for the successive degradation of transcription factors and CK1 is also involved 

in the positive regulation of SMO. 72,73,74,75,76 
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1.3.4. The response in DNA damage 

Tumor suppressor protein p53 is an important member in the regulation of tissue integrity preventing cell 

damages and proliferation of cells that can lead to the development of cancerogenic conditions. 77 The levels 

of p53 are finely regulated but, after various stimuli, the increase of activation is reported. Several functions 

are associated to p53, including apoptosis, autophagy and the repairment of DNA by regulating lots of 

transcription factors. 77 The regulation of this key effector is carried out by MDM2 (murine double minute 

clone 2) via negative feedback: p53 is able to activate MDM2 that establishes the ubiquitylation of p53 

maintaining basal levels in a physiological condition. 78 Moreover, MDM2 acts with an anti-apoptotic role by 

switching E2F-1 from negative to a positive regulator of the progression of cell cycle. Subjected to a stress 

condition that determines a damage at the level of DNA, p53 inhibits MDM2 but the activity of this effector 

depends also to its phosphorylation state kinases mediated. 79 This suggests that several signaling pathways 

can modulate p53/MDM2 regulation. Interestingly, CK1 isoforms Ŭ, ŭ and Ů are found to phosphorylate p53: 

in response to a DNA damage, CK1ŭ can phosphorylate p53 at the level of Thr-18 and Ser-20 determining the 

impairment of the interaction with MDM2 and providing the binding with p300 resulting in the final activation 

of p53. Nevertheless, under physiological conditions, isoforms ŭ and Ů are able also to interact directly with 

MDM2 by phosphorylating several residues suggesting a crucial role of CK1 in the regulation of this signaling 

pathway. 79 

All the described pathways are involved in the development of several cancer diseases; thus, it appears evident 

the important role of Casein Kinase 1 that results a promising target for its multifaceted features. 

 

1.4. Circadian rhythm disorders  
Circadian rhythm involves all the processes included in the daily setup of cells and their functions in 24 h and 

deregulation of these factors can lead to the development of sleeping problems, metabolic diseases, and 

neurological disorders. In this scenario, the main characters are PER (PER1 and PER2), period proteins, and 

CRY (CRY1 and CRY2) proteins whose expression levels are finely regulated in time-dependent manner 

Figure 8: Hedgehog pathway: when ligands are absent, GLI factors are degraded by proteosome (ñoffò mode). At the presence 

of ligand, GLI factors can translocate at nuclear level activating the gene transcription. 17,71 Image created using BioRender. 
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during the day. These effectors can interact with CLOCK-BMALI -responsive circadian gene transcription 

regulating themselves expression at the nuclear level. CK1ŭ determines the inhibition of the transcription 

process by reducing the binding affinity of CLOCK-BMALI on DNA but it is also implied in the 

phosphorylation of PER and in degradation of this one together with isoform Ů thanks to the ñphosphoswitchò 

action. 11,80 The CK1-mediated phosphorylation is explicated at the level of Casein Kinase Binding Domain 

(CKBD) that resulted conserved in PER proteins. Between the CKBD site there are two important domains: 

Degron and FASP and they are crucial for the regulation of circadian rhythm functions. 80 The isoforms ŭ and 

Ů can establish a balance between degradation and stabilization of PER due to the isoform preference of site: 

this equilibrium is called ñphosphoswitchò. In particular, as described in Fig. 9, CK1ŭ phosphorylates degron 

leading to its degradation ɓ-TrCP mediated while the Ů isoform prefers the binding with FASP stabilizing PER 

against the polyubiquitylation. 34 

 

 

 

 

 

 

1.5. Neurodegenerative diseases and the role of CK1 
CK1ŭ is involved in neurodegenerative diseases and results an appealing target to investigate for the 

development of possible candidates for the treatment of these pathological conditions since the poorly 

commercial results in which the drugs are limited and often directed to treat only symptoms. This kinase is 

implicated in the pathogenesis of Alzheimerôs disease (AD), Parkinsonôs disease (PD) as well as Amyotrophic 

Lateral Sclerosis (ALS).  

1.5.1. Alzheimerôs disease  

The disease of Alzheimer is a neurodegenerative disorder characterized by the occurrence of dementia. The 

familial AD is linked by mutations at the level of the amyloid precursor or presenilin genes but also the causes-

unknown sporadic AD is widely spread all over the world; it is complicated to establish the origin of this 

diseaseôs type since there are lots of factors and members interconnecting each other in the development of the 

pathological condition. 81 AD is characterized by the occurrence of memory deficits, cognitive and language 

impairments and, consequently, the failure in daily activities. 82,83 Hallmarks of this disease comprise the 

formation at the microscopic level of senile plaques composed by the aggregation and the accumulation of 

Amyloid ɓ (Aɓ) peptide and neurofibrillary tangles (NFTs) that are the result of the hyperphosphorylation of 

Tau protein (Ű) accompanied by neuronal loss and the insurgence of a neuroinflammatory process (Fig. 10). 81  

Figure 9: representation of the role of CK1ŭ and CK1Ů in degradation and stabilization of PER protein by interacting with Degron 

and FASP domains, respectively. The two isoforms can balance their effects in the modulation of PER, the main character in the 

development of circadian rhythm disorders. 34 












































































































































































































































































































































