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Figure S1. In silico prediction of proteins that interact with the (A) N-terminal region, (B) DC-linker region, and (C) PEST linker region for isoforms 1 & 2 (top) and isoforms 3 & 4 (bottom). Proteins 

are colored by function: protein degradation (blue), cell cycle processes (green), MAPK cascade (orange), and Wnt signalling (purple). Proteins were identified by Eukaryotic Linear Motif resource 

(ELM, #) [135], Scansite 4.0 ($) [95], or DeepCalpain (+) software [120], or manually curated from the literature with DCLK1 autophosphorylation sites (@), phosphorylation sites (magenta), and 

identified mutations (red boxes) from supplementary Table S2. 
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Figure S2 DCLK1 missense mutations in cancer. (A) The distribution of the 394 DCLK1 mutations and copy number variation (CNV) 

gains and losses identified in the genomic data commons (GDC) data-set for each malignancy. (B) Lollipop figure showing frequency 

and position of the DCLK1 missense mutations identified within the GDC cohort. Residues are only labelled if they coincide with a 

known functional residue, or with ≥ 3 incidences. With residues highlighted involved in the confirmational switch (blue), αβ-tubulin 

isomeric binding (green), (auto)-phosphorylation (purple), catalytic/regulatory kinase activity motif (red), and C-regulatory tail/auto-

inhibitory domain (AID) (orange).  
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Table S1. Experimentally determined structures of the DC1 and DC2 domains from DCX and DCLK1, and the DCLK1 kinase domain.  

Domain Year ID Method Res. Protein-Isoform Conformation Notes Reference 

DC1 2020 6REV Cryo-EM 3.8 Å DCX C-tail disordered Cryo-EM structure bound to 13-protofilament GDP-microtubule [73] 

DC1 2020 6RFD Cryo-EM 3.9 Å DCX C-tail disordered Cryo-EM structure bound to 14-protofilament GDP-microtubule [73] 

DC1 2020 6RF8 Cryo-EM 3.8 Å DCX C-tail disordered Cryo-EM structure bound to 13-protofilament GDP-microtubule [136] 

DC1 2016 5IKC X-ray 2.06 Å DCX C-tail disordered In complex with Fab 1/108 [75] 

DC1 2016 5IN7 X-ray 2.48 Å DCX Closed K215D/K216D mutant [75] 

DC1 2016 5IOI X-ray 2.4 Å DCX Closed (chains C/F)  

Open (chains A/E) 

C-tail disordered (chains B/D) 

K215D/K216D mutant [75] 

DC1 2016 5IO9 X-ray 1.3 Å DCX Closed K215D/K216D mutant [75] 

DC1 2006 2BQQ X-ray 2.2 Å DCX Open K215D/K216D mutant [85] 

DC1 2003 1UF0 NMR  DCLK1 Closed  Unpublishe

d 

DC1 2003 1MG4 X-ray 1.504 Å DCLK1 Closed Unlabelled protein. [80] 

DC1 2003 1MFW X-ray 1.6 Å DCLK1 Closed Selenomethionine labelled protein [80] 

DC1 2003 1MJD NMR  DCX Closed  [80] 

DC2 2020 6RF2 Cryo-EM 4.2 Å DCX Monomeric Cryo-EM structure bound to microtubules [73] 

DC2 2018 6FNZ X-ray 2.23 Å DCX Domain-swapped dimer Domain swapped dimer [86] 

DC2 2016 5IP4 X-ray 1.81 Å DCX Monomeric In complex with nanobody XA4451. Closed conformation [75] 

KD 2021 7KX8 X-ray 3.1 Å DCLK1-1/3 

Residues 372-686 

Active (Type 1) DCLK1-Cter in complex with FMF-03-055-1 [54] 

KD 2021 7KXW X-ray 3.002 Å DCLK1-1/2/3/4 

Residues 372-649 

Active (Type 1.5) DCLK1-KD in complex with DCLK1-IN-1 [54] 

KD 2021 7KX6 X-ray 2.5 Å DCLK1-1/2/3/4 

Residues 372-649 

Active (Type 1) DCLK1-KD in complex with XMD8-85 [54] 

KD 2021 7F3G X-ray 2.1 Å DCLK1-1/2/3/4 

Residues 372-649 

Active (Type 1) DCLK1 kinase domain in complex with ruxolitinib [137] 

KD 2021 6KYQ X-ray 2.141 Å DCLK1-2/4 

Residues 379-703 

Autoinhibited DCLK1 Autoinhibited Kinase Domain [51] 

KD 2021 6KYR X-ray 2.206 Å DCLK1-2/4 

Residues 379-703 

Autoinhibited DCLK1 mutant (P675L) Autoinhibited Kinase Domain [51] 

Domain Year ID Method Res. Protein-Isoform Conformation Notes Reference 

KD 2016 5JZJ X-ray 1.71 Å DCLK1-1/2/3/4 

Residues 372-649 

Active (Type 1) DCLK1-KD in complex with AMPPN [53] 

KD 2016 5JZN X-ray 2.85 Å DCLK1-1/2/3/4 

Residues 372-649 

Active (Type 1) DCLK1-KD in complex with NVP-TAE684 [53] 
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Table S2. Functional residues of DCLK1 and their mutation frequency. The proposed function(s) for each identified site in DCX and matched or identified site in DCLK1 are 

given, including: its mutation frequency according to NCI’s GDC portal [115], the amino acid substitutions observed; and the domain in DCLK1 in which it is located. The 

identified function of the residue which is color coded according to Figure 4 with (auto)phosphorylation sites (magenta), isomeric MT binding sites (green), conformational 

switch (blue), catalytic/regulatory kinase activity (other colors). 

Identified 

DCX 

residue 

Identified 

or matched 

DCLK1 

residue 

Mutation 

frequency 
Substitution Domain Function Reference 

S28 S32    phosphorylation related actin/microtubule binding switch on DCX [70] 

phosphorylated by CDK5 on DCX [89] 
 T46 1 T>M  (Auto)phosphorylation site identified in mass spectrometry based experiment [52,53,83] 

Q44 Q48    isomeric binding site of DC1 domain (of DCX) to αβ-tubulin [73] 

A45 T49 1 T>M DC1 
isomeric binding site of DC1 domain (of DCX) to αβ-tubulin [73] 

(Auto)phosphorylation site identified in mass spectrometry based experiment [83,52] 

S47 S51   DC1 

phospho-site identified with mass spectrometry based (altered upon C-tail deletion or 

T668A mutation) 
[52] 

Phosphorylated by PKA and MARK on DCX [20] 

Facilitates Kinesin-3 motor binding along microtubules [74] 
 S52 2 S>Y/C DC1 Autophosphorylation site identified in mass spectrometry based experiment [83] 

A52 A56   DC1 isomeric binding site of DC1 domain (of DCX) to αβ-tubulin [73] 

K54 K58   DC1 Isomeric binding site of tryptophan -> open DC state [75,85,80] 

V55 V59 1 V>A DC1 Isomeric binding site of tryptophan -> open DC state [75,85,80] 

R56 R60 5 R>C DC1 Isomeric binding site of tryptophan -> open DC state [75,85,80] 

 S77    DC1 

Phospho-site identified with mass spectrometry based (altered upon C-tail deletion or 

T668A mutation) 
[52] 

DCLK1 phospho-site identified in mass spectrometry based experiment [49] 

R76 R80 5 
R>W 3x 

DC1 Isomeric binding site of DC1 domain (of DCX) to αβ-tubulin [73] 
R>Q 2x 

R78 R82   DC1 Isomeric binding site of DC1 domain (of DCX) to αβ-tubulin [73] 

 S83   DC1 
phospho-site identified with mass spectrometry based (altered upon C-tail deletion or 

T668A mutation) 
[52] 

D81 E85   DC1 Isomeric binding site of DC1 domain (of DCX) to αβ-tubulin [73] 
 T92 1 T>P DC1 Autophosphorylation site identified in mass spectrometry based experiment [52] 
 T94 1 T>P DC1 Autophosphorylation site identified in mass spectrometry based experiment [52] 
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Identified 

DCX 

residue 

Identified 

or matched 

DCLK1 

residue 

Mutation 

frequency 
Substitution Domain Function Reference 

 S96    DC1 

Phospho-site identified with mass spectrometry based (altered upon C-tail deletion or 

T668A mutation) 
[52] 

Autophosphorylation site identified in mass spectrometry based experiment [83] 

N94 N98   DC1 Isomeric binding site of DC1 domain (of DCX) to αβ-tubulin [73] 

R102 R106   DC1 Isomeric binding site of DC1 domain (of DCX) to αβ-tubulin [73] 
 T107   DC1 Autophosphorylation site identified in mass spectrometry based experiment [52] 

 S119   DC1 
phospho-site identified with mass spectrometry based (altered upon C-tail deletion or 

T668A mutation) 
[52] 

G122 G126   DC1 Isomeric binding site of tryptophan -> open DC state [75,85,80] 

E123 E127   DC1 Isomeric binding site of tryptophan -> open DC state [75,85,80] 

S124 S128 1 S>R DC1 Isomeric binding site of tryptophan -> open DC state [75,85,80] 

    DC1 
Phospho-site identified with mass spectrometry based (altered upon C-tail deletion or 

T668A mutation) 
[52] 

K134 K138 2 K>N DC1 Isomeric binding site of DC1 domain (of DCX) to αβ-tubulin [73] 

 T143    Phospho-site identified with mass spectrometry based (altered upon C-tail deletion or 

T668A mutation) 
[52] 

W146 W150    Tryptophan responsible for the open/close confirmation of DC domains [75,85,80] 
 S151    Autophosphorylation site identified in mass spectrometry based experiment [13,17,18] 
 T156    Autophosphorylation site identified in mass spectrometry based experiment [18] 
 S158 1 S>W  Autophosphorylation site identified in mass spectrometry based experiment [18] 
 S160    Autophosphorylation site identified in mass spectrometry based experiment [53,83,52] 
 S164    Autophosphorylation site identified in mass spectrometry based experiment [53,83,52] 
 S165    Autophosphorylation site identified in mass spectrometry based experiment [83] 
 T168    Autophosphorylation site identified in mass spectrometry based experiment [52] 
 S172    Autophosphorylation site identified in mass spectrometry based experiment [83] 
 S174    Autophosphorylation site identified in mass spectrometry based experiment [83] 

 T189   DC2 
Phospho-site identified with mass spectrometry based (altered upon C-tail deletion or 

T668A mutation) 
[52] 

 S193   DC2 
Phospho-site identified with mass spectrometry based (altered upon C-tail deletion or 

T668A mutation) 
[52] 

N200 N206   DC2 Isomeric binding site of DC2 domains (of DCX) to αβ-tubulin [73] 

T203 T209   DC2 Isomeric binding site of DC2 domains (of DCX) to αβ-tubulin [73] 

H205 H211   DC2 Isomeric binding site of DC2 domains (of DCX) to αβ-tubulin [73] 
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Identified 

DCX 

residue 

Identified 

or matched 

DCLK1 

residue 

Mutation 

frequency 
Substitution Domain Function Reference 

E208 E214   DC2 Isomeric binding site of DC2 domains (of DCX) to αβ-tubulin [73] 

Q209 Q215 1 Q>K DC2 Isomeric binding site of DC2 domains (of DCX) to αβ-tubulin [73] 

 T218   DC2 
Phospho-site identified with mass spectrometry based (altered upon C-tail deletion or 

T668A mutation) 
[52] 

K219 K225 1 K>T  KLET/KLDS hinge [86] 

L220 L226    KLET/KLDS hinge [86] 

E221 D227    KLET/KLDS hinge [86] 

T222 

 
S228   DC2 

KLET/KLDS hinge [86] 

Isomeric binding site of DC2 domains (of DCX) to αβ-tubulin [73] 

Phospho-site identified with mass spectrometry based (altered upon C-tail deletion or 

T668A mutation) 
[52] 

V224 V230   DC2 Isomeric binding site of DC2 domains (of DCX) to αβ-tubulin [73] 

 T236 3 
T>A 1x 

DC2 
Autophosphorylation site identified in mass spectrometry based experiment * Full 

length specific 
[52] 

T>M 2x 
 S274   PEST Autophosphorylation site identified in mass spectrometry based experiment [53,83] 

S297 S298   PEST Phospho-DCX by CDK5 [18] 
 S305 1 S>G PEST DCLK1 phospho-site identified in mass spectrometry based experiment [49] 

 S307 1 
 

PEST 
DCLK1 phospho-site identified in mass spectrometry based experiment [49] 

 Autophosphorylation site identified in mass spectrometry based experiment [53] 
 T310   PEST DCLK1 phospho-site identified in mass spectrometry based experiment [49] 
 T311 1 T>I PEST DCLK1 phospho-site identified in mass spectrometry based experiment [49] 
 S312   PEST Autophosphorylation site identified in mass spectrometry based experiment [53] 

 S313  
 

PEST 
DCLK1 phospho-site identified in mass spectrometry based experiment [49] 

 Autophosphorylation site identified in mass spectrometry based experiment [53] 
 S320   PEST Autophosphorylation site identified in mass spectrometry based experiment [53] 

T321 T324   PEST Phospho-DCX  by JNK [105] 
 S327   PEST DCLK1 phospho-site identified in mass spectrometry based experiment [49] 

S332  S330 2 S>L PEST 
Phospho-DCX  by JNK [107] 

DCLK1 phospho-site identified in mass spectrometry based experiment [49] 
 S332   PEST DCLK1 phospho-site identified in mass spectrometry based experiment [49,48] 

T331  S334 1 S>L PEST 
Phospho-DCX  by JNK [105] 

DCLK1 phospho-site identified in mass spectrometry based experiment [49] 
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Identified 

DCX 

residue 

Identified 

or matched 

DCLK1 

residue 

Mutation 

frequency 
Substitution Domain Function Reference 

 T336    PEST 
DCLK1 phospho-site identified in mass spectrometry based experiment [49,48] 

Autophosphorylation site identified in mass spectrometry based experiment [53] 

S334 S337 1 S>N PEST 
Phospho-DCX  by JNK [105] 

DCLK1 phospho-site identified in mass spectrometry based experiment [49,48] 
 S340   PEST DCLK1 phospho-site identified in mass spectrometry based experiment [49] 
 S364    DCLK1 phospho-site identified in mass spectrometry based experiment [48] 
 T395   KD Autophosphorylation site identified in mass spectrometry based experiment [83] 
 N400 1 N>H KD Part of Glycine rich loop [53] 
 V404   KD Critical residue in C-spine / ATP binding [53] 
 A417   KD Critical residue in C-spine [53] 
 K419   KD ATP binding [53] 
 E430 1 E>K KD Part of αC-helix [53] 
 E436   KD ATP binding [53] 
 S438   KD Autophosphorylation site identified in mass spectrometry based experiment [83] 
 L440   KD Critical residue in R-spine [53] 
 V443 1 V>L KD Part of αC-helix [53] 
 L451   KD Critical residue in R-spine [53] 
 L473   KD Critical residue in C-spine [53] 
 D475 1 D>N KD Involved in hinge region with AID domain [51] 
 I477 1 I>T KD Involved in hinge region with AID domain [51] 
 M491   KD Critical residue in C-spine [53] 
 H509   KD HRD motif / Critical residue in R-spine [53] 
 R510   KD HRD motif [53] 
 D511 1 D>N KD HRD motif / D511N is kinase dead mutant [53] 
 L517   KD Critical residue in C-spine [53] 
 V519   KD Critical residue in C-spine [53] 
 D533   KD DFG motif [53] 
 F534   KD DFG motif / Critical residue in R-spine [53] 
 G535 1 G>E KD DFG motif [53] 

 G542 3 
G>V 1x 

KD part of the activation loop [53] 
G>D 2x 

 T546   KD Conserved phosphorylation-site in activation loop [53] 
 P556 1 P>A KD Part of the activation loop [53] 
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Identified 

DCX 

residue 

Identified 

or matched 

DCLK1 

residue 

Mutation 

frequency 
Substitution Domain Function Reference 

 D569   KD Critical residue in R-spine [53] 
 I576   KD Critical residue in C-spine [53] 
 L580   KD Critical residue in C-spine [53] 
 S637   KD Autophosphorylation site identified in mass spectrometry based experiment [53] 
 V661   C-tail Hydrophobic interaction of R1 with KD [51] 
 K664 1 K>N C-tail Part of R1 helix [51] 
 I665   C-tail Hydrophobic interaction of R1 with KD [51] 
 K666 1 K>N C-tail Part of R1 helix [51] 
 T668   C-tail Autophosphorylation-site for AID domain regulation [52] 
 F669   C-tail Hydrophobic interaction of R1 with KD [51] 
 T678*   C-tail Autophosphorylation site identified in mass spectrometry based experiment [53] 
 V682   C-tail Hydrophobic interaction of R2 with KD [51] 
 S683 2 S>Y C-tail Part of R2 helix [51] 
 V684   C-tail Hydrophobic interaction of R2 with KD [51] 
 I685   C-tail Hydrophobic interaction of R2 with KD [51] 
 A686 1 A>T C-tail Part of R2 helix [51] 
 K692   C-tail Key residue of R3 that forms salt bridges with D511 and D533 [51] 
 T692*   C-tail Autophosphorylation site identified in mass spectrometry based experiment [53] 
 R698   C-tail Hydrophilic interaction with KD [51] 
 R701   C-tail Hydrophilic interaction with KD [51] 
 S720   C-tail DCLK1 phospho-site identified in mass spectrometry based experiment [48] 
 S726   C-tail DCLK1 phospho-site identified in mass spectrometry based experiment [48] 
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Table S3. Predicted impact of point mutations on the structural stability of DCLK1. Predictions were performed using 

the DynaMut2 server [138] on mutations for which an experimental structure was available (either of DCX or 

DCLK1). The impact on stability was classified according to the change in Gibbs Free Energy (ΔΔGStability): neutral (-

0.5 < ΔΔGStability < 0.5 kcal/mol), mildly destabilising (0.5 ≤ ΔΔGStability < 1 kcal/mol), or destabilising (ΔΔGStability ≥ 1 

kcal/mol). 

Mutation Domain PDB ID (Protein) Predicted stability 

change (ΔΔG 
Stability) in kcal/mol 

Predicted Impact 

T49M  N-terminal region 6REV (DCX-Tubulin, A45M) -0.7 Mildly destabilising 

V59A DC1 1MG4 (DCLK1) -2.41 Destabilising 

R60C DC1 1MG4 (DCLK1) -1.78 Destabilising 

G65A DC1 6REV (DCX-Tubulin, G61A) -0.21 Neutral 

G65R DC1 6REV (DCX-Tubulin, G61R) -0.62 Mildly destabilising 

R67G DC1 1MG4 (DCLK1) -0.49 Mildly destabilising 

R67Q DC1 1MG4 (DCLK1) -0.38 Neutral 

R80Q DC1 6REV (DCX-Tubulin, R76Q) -0.54 Mildly destabilising 

R80W DC1 6REV (DCX-Tubulin, R76W) -1.02 Destabilising 

T92P DC1 6REV (DCX-Tubulin, T88P) -0.39 Neutral 

R93Q DC1 6REV (DCX-Tubulin, R89N) -0.54 Mildly destabilising 

T94P DC1 6REV (DCX-Tubulin, S90P) -0.44 Neutral 

S128R DC1 1MG4 (DCLK1) 0.42 Neutral 

K138N DC1 6REV (DCX-Tubulin, K134N) -0.31 Neutral 

K144N DC1 1MG4 (DCLK1) 0.43 Neutral 

K144R DC1 1MG4 (DCLK1) 0.1 Neutral 

Q215K DC2 6RF2 (DCX-Tubulin, Q209K) 0.23 Neutral 

K225R DC2 6RF2 (DCX-Tubulin, K219R) -0.07 Neutral 

K225T DC2 6RF2 (DCX-Tubulin, K219R) -0.38 Neutral 

T236A DC2 5IP4 (DCX, T230A) -0.81 Mildly destabilising 

T236M DC2 5IP4 (DCX, T230M) 0.1 Neutral 

N400H Kinase domain 5JZJ (DCLK1) -0.07 Neutral 

E430K Kinase domain 5JZJ (DCLK1) 0.31 Neutral 

V443L Kinase domain 5JZJ (DCLK1) -0.5 Mildly destabilising 

D475N Kinase domain 5JZJ (DCLK1) 0.05 Neutral 

I477T Kinase domain 5JZJ (DCLK1) -2.82 Destabilising 

D511N Kinase domain 5JZJ (DCLK1) -0.37 Neutral 

G535E Kinase domain 5JZJ (DCLK1) -1.68 Destabilising 

G542D Kinase domain 5JZJ (DCLK1) -0.27 Neutral 

G542V Kinase domain 5JZJ (DCLK1) -1.33 Destabilising 

P556A Kinase domain 5JZJ (DCLK1) -1.08 Destabilising 

K664N C-tail 6KYQ (DCLK1) -1.54 Destabilising 

K666N C-tail 6KYQ (DCLK1) -0.08 Neutral 

P673H C-tail 6KYQ (DCLK1) -0.11 Neutral 

S683Y C-tail 6KYQ (DCLK1) -0.99 Destabilising 

A686T C-tail 6KYQ (DCLK1) -0.78 Mildly destabilising 
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