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Figure S1. Ligand interaction diagrams of molecular dynamic simulations of 6 with PDHK isoforms 

(a) PDHK1, (b) PDHK2, (c) PDHK3, (d) PDHK4. The dotted arrows indicate H-bonds to side chains 

of the PDHKs and full arrows indicate H-bonds to the backbone of PDHKs. Red connector denotes 

cation-pi stacking interaction.  
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Table S1. in vitro selectivity profiling of 19b at 1 μΜ against 366 human kinase 

Kinase: 

% 

Enzyme 

activity            

(relative 

to DMSO 

controls) 

Kinase: 

% 

Enzyme 

activity    

(relative 

to DMSO 

controls) 

Kinase: 

% 

Enzyme 

activity    

(relative 

to DMSO 

controls) 

PDHK1 2.3 GRK3 97.0 MEK1 101.9 

PDHK2 5.8 CDK5/p25 97.0 PKG1a 101.9 

PDHK4 8.3 MEKK6 97.0 CDK4/cyclin D1 102.0 

PDHK3 8.7 FMS 97.1 MST4 102.0 

EPHA4 82.0 SLK/STK2 97.1 NEK9 102.1 

STK32B/YANK2 82.8 Aurora C 97.1 ERN2/IRE2 102.2 

PKN2/PRK2 83.4 ARAF 97.2 RET 102.2 

CTK/MATK 83.5 CDK6/cyclin D1 97.2 CDK9/cyclin K 102.3 

MUSK 85.2 JNK3 97.2 EPHA2 102.3 

PHKg1 86.1 ERK5/MAPK7 97.3 TAOK2/TAO1 102.4 

ROS/ROS1 86.5 GSK3a 97.3 AXL 102.5 

MNK2 86.6 RSK2 97.3 BLK 102.5 

MKK6 87.0 MLCK/MYLK 97.4 ZAP70 102.5 

FES/FPS 87.3 FGFR3 97.4 DAPK1 102.6 

YES/YES1 87.4 EPHB2 97.4 EPHB1 102.6 

TGFBR2 87.5 PYK2 97.5 TAOK1 102.7 

EPHA3 87.5 P38a/MAPK14 97.5 BRK 102.8 

GCK/MAP4K2 87.6 Aurora A 97.5 PAK3 102.9 

PKCmu/PRKD1 87.8 PKCd 97.6 DMPK 102.9 

MEKK1 88.3 PKCnu/PRKD3 97.6 SYK 103.0 

LCK 88.5 DYRK1/DYRK1A 97.7 TYK1/LTK 103.1 

MST3/STK24 88.9 TNK1 97.7 TLK1 103.1 

VRK2 89.0 ROCK1 97.8 COT1/MAP3K8 103.2 

ALK5/TGFBR1 89.4 GSK3b 97.8 CAMK2g 103.2 

BRSK1 89.9 STK32C/YANK3 97.8 MYLK4 103.2 

NEK5 89.9 CAMK1a 97.8 JNK2 103.2 

EPHA7 90.1 MST1/STK4 97.9 P38b/MAPK11 103.3 

ALK2/ACVR1 90.2 CDK16/cyclin Y  97.9 DYRK4 103.3 

PIM3 90.3 GRK7 97.9 PKN1/PRK1 103.3 

ERBB2/HER2 90.3 IRAK1 98.0 OSR1/OXSR1 103.4 

IKKa/CHUK 90.6 DYRK1B 98.1 TRKB 103.4 

ERN1/IRE1 91.0 ULK2 98.2 CDK3/cyclin E 103.4 

BRAF 91.0 CDK2/cyclin O 98.2 TESK1 103.5 
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EPHB4 91.1 CK1g1 98.2 TYRO3/SKY 103.5 

CDK2/cyclin A 91.2 CHK2 98.2 MNK1 103.6 

SGK3/SGKL 91.3 PAK1 98.3 MINK/MINK1 103.6 

CK1a1L 91.3 FAK/PTK2 98.3 PKN3/PRK3 103.6 

PRKX 91.4 MYLK3 98.3 CK1a1 103.7 

GRK1 91.5 MLK4 98.4 RSK3 103.7 

ALK3/BMPR1A 91.8 AKT1 98.4 MAPKAPK3 103.7 

IGF1R 91.9 RSK4 98.5 PIM2 103.8 

ACK1 91.9 Haspin 98.6 MSK2/RPS6KA4 103.8 

ARK5/NUAK1 92.0 ROCK2 98.8 MST2/STK3 103.9 

STK25/YSK1 92.1 PKCeta 98.8 KSR1 103.9 

MLK2/MAP3K10 92.3 IKKe/IKBKE 98.8 PKD2/PRKD2 104.0 

SIK3 92.3 MARK4 98.9 PAK5 104.0 

PKCzeta 92.4 PKCiota 98.9 PAK6 104.0 

STK22D/TSSK1 92.5 BRSK2 99.0 NEK11 104.1 

NIM1 92.7 MSK1/RPS6KA5 99.0 CAMK2b 104.1 

TRKA 92.8 CK2a 99.1 c-MET 104.2 

EGFR 92.9 SIK1 99.1 DMPK2 104.3 

CDK2/cyclin E 93.1 MAPKAPK2 99.2 PDGFRb 104.5 

EPHB3 93.2 KHS/MAP4K5 99.2 LATS2 104.5 

LYN 93.3 EPHA6 99.3 PKA 104.6 

MAPKAPK5/PRA

K 
93.4 

STK38/NDR1 
99.3 

MARK3 
104.7 

GRK6 93.4 HCK 99.5 RIPK3 104.8 

VRK1 93.6 CDK1/cyclin E 99.5 CK2a2 104.9 

KSR2 93.6 ERK1 99.5 ERK7/MAPK15 104.9 

FRK/PTK5 93.7 MLCK2/MYLK2 99.5 FLT4/VEGFR3 105.0 

MAK 93.7 TXK 99.5 ULK3 105.0 

CAMK1d 93.7 MEK3 99.6 DRAK1/STK17A 105.0 

CAMK1b 93.8 SBK1 99.6 GLK/MAP4K3 105.2 

MEK2 93.9 CK1g3 99.6 FER 105.3 

CLK4 93.9 TTBK2 99.7 ABL2/ARG 105.3 

CDK2/Cyclin A1 94.0 PEAK1 99.7 PBK/TOPK 105.4 

JNK1 94.0 CK1g2 99.7 PIM1 105.5 

FGFR4 94.0 CDC7/DBF4 99.8 CDK14/cyclin Y 105.5 

ZAK/MLTK 94.1 CK1epsilon 99.8 RON/MST1R 105.5 

TSSK2 94.1 IKKb/IKBKB 99.9 PDGFRa 105.5 

SRMS 94.2 CDK9/cyclin T1 99.9 PLK4/SAK 105.7 

TAK1 94.4 PASK 100.0 RAF1 105.7 

CDK18/cyclin Y  94.4 NLK 100.0 EPHA1 105.7 
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SRPK2 94.6 ASK1/MAP3K5 100.0 NEK7 105.8 

SIK2 94.7 SNARK/NUAK2 100.0 FLT3 105.8 

SGK1 94.7 BMX/ETK 100.1 DAPK2 105.9 

PAK2 94.7 DYRK3 100.1 JAK2 105.9 

MKK7 94.8 PAK4 100.1 HIPK4 106.2 

NEK2 94.8 FGFR1 100.1 STK39/STLK3 106.2 

HGK/MAP4K4 94.9 MRCKb 100.1 YSK4/MAP3K19 106.2 

IRR/INSRR 94.9 KDR/VEGFR2 100.1 ALK6/BMPR1B 106.6 

ALK 95.1 CAMK2d 100.1 MKK4 106.6 

MARK2/PAR-1Ba 95.1 PKAcg 100.2 TEC 106.7 

CDK7/cyclin H 95.1 c-Src 100.2 GRK5 106.8 

HPK1/MAP4K1 95.2 TLK2 100.2 FGR 106.9 

FLT1/VEGFR1 95.4 RIPK5 100.2 MEKK2 107.1 

DDR1 95.5 ABL1 100.2 ERBB4/HER4 107.1 

LIMK2 95.5 RSK1 100.3 MYO3A 107.3 

PKCb2 95.5 DDR2 100.3 P38d/MAPK13 107.3 

IR 95.6 HIPK2 100.4 SRPK1 107.3 

FGFR2 95.6 NEK1 100.4 c-MER 107.4 

p70S6Kb/RPS6KB2 95.7 CDK6/cyclin D3 100.4 DYRK2 107.5 

MLK1/MAP3K9 95.7 PLK2 100.4 DLK/MAP3K12 107.6 

WNK1 95.7 PKG2/PRKG2 100.5 EPHA5 108.0 

SSTK/TSSK6 95.7 CDK5/p35 100.6 ULK1 108.5 

STK16 95.7 CAMK4 100.6 FYN 108.7 

GRK2 95.8 TSSK3/STK22C 100.7 TYK2 109.4 

CLK2 95.8 P38g 100.7 LKB1 109.7 

BTK 95.8 JAK3 100.7 LOK/STK10 109.7 

CAMK1g 95.9 LIMK1 100.7 PKCg 109.9 

NEK6 96.0 LYN B 100.7 TAOK3/JIK 110.0 

MELK 96.0 p70S6K/RPS6KB1 100.8 CAMKK1 110.3 

TRKC 96.1 LCK2/ICK 100.8 CHK1 111.1 

CAMK2a 96.2 STK38L/NDR2 100.8 CAMKK2 111.3 

SNRK 96.2 CDK1/cyclin A 100.9 TBK1 111.6 

MSSK1/STK23 96.2 MRCKa/CDC42BPA 100.9 MYO3b 112.2 

WEE1 96.2 c-Kit 101.0 MARK1 112.6 

GRK4 96.3 DCAMKL1 101.1 HIPK3 113.2 

CDK17/cyclin Y  96.4 AKT2 101.1 PKCepsilon 113.3 

WNK2 96.5 STK21/CIT 101.2 EPHA8 113.3 

ALK4/ACVR1B 96.5 DCAMKL2 101.2 PKCtheta 113.8 

PKAcb 96.5 BMPR2 101.2 MEKK3 114.0 
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CDK4/cyclin D3 96.5 HIPK1 101.2 CLK3 114.6 

CDK1/cyclin B 96.6 IRAK4 101.3 PKG1b 115.5 

TIE2/TEK 96.7 AKT3 101.4 ALK1/ACVRL1 115.8 

NEK3 96.7 PHKg2 101.5 STK33 115.8 

TNIK 96.8 ZIPK/DAPK3 101.7 MLK3/MAP3K11 116.0 

SGK2 96.8 PLK1 101.7 PKCb1 116.2 

PLK3 96.9 CK1d 101.7 CLK1 116.7 

LATS1 96.9 JAK1 101.7 ITK 119.6 

ERK2/MAPK1 96.9 TTBK1 101.7 WNK3 122.8 

Aurora B 96.9 NEK4 101.8 RIPK2 133.9 

CSK 97.0 PKCa 101.9 LRRK2 146.0 
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Table S2. in vitro selectivity profiling of 19t at 1 μΜ against 366 human kinase 

Kinase: 

% 

Enzyme 

activity            

(relative 

to 

DMSO 

controls) 

Kinase: 

% 

Enzyme 

activity    

(relative 

to 

DMSO 

controls) 

Kinase: 

% 

Enzyme 

activity    

(relative 

to 

DMSO 

controls) 

PDHK1 1.8 GSK3a 96.8 OSR1/OXSR1 101.3 

PDHK2 3.0 EPHB3 96.8 PKN1/PRK1 101.3 

PDHK4 4.4 FGFR1 96.9 DYRK4 101.3 

PDHK3 9.6 PLK4/SAK 97.0 MKK7 101.3 

MST4 65.3 TYK2 97.0 ERK1 101.3 

CAMKK1 75.6 PKCiota 97.0 ERBB2/HER2 101.4 

ERN2/IRE2 77.3 NEK3 97.0 KHS/MAP4K5 101.4 

WEE1 77.3 CDK14/cyclin Y  97.1 CHK2 101.4 

MLK3/MAP3K11 79.8 DAPK1 97.1 ULK3 101.4 

IRR/INSRR 83.5 ROCK2 97.1 CDK1/cyclin E 101.5 

RIPK3 83.9 MSSK1/STK23 97.1 PKCnu/PRKD3 101.5 

CLK3 84.0 SLK/STK2 97.1 PYK2 101.6 

ARAF 84.6 CDK2/cyclin A 97.2 MSK1/RPS6KA5 101.6 

CDK6/cyclin D3 85.2 LYN 97.3 PAK2 101.7 

PKCtheta 85.4 PKCd 97.3 ALK5/TGFBR1 101.7 

DDR1 86.0 JAK1 97.3 STK38L/NDR2 101.8 

NEK11 86.1 CK1d 97.3 MNK1 101.9 

CLK2 86.6 PIM3 97.3 LATS2 101.9 

ROS/ROS1 86.7 IKKe/IKBKE 97.3 KDR/VEGFR2 102.0 

BRAF 87.1 JAK3 97.3 PIM1 102.0 

MELK 87.6 JNK2 97.3 FLT1/VEGFR1 102.0 

CAMK4 87.6 PLK1 97.4 PEAK1 102.0 

Haspin 87.9 STK25/YSK1 97.4 P38d/MAPK13 102.0 

BRK 88.2 TSSK2 97.4 RON/MST1R 102.1 

MINK/MINK1 88.8 NIM1 97.4 CDK5/p25 102.2 

CDK1/cyclin B 88.8 CAMK2b 97.4 CAMK2a 102.2 

NEK9 88.9 PKCb2 97.4 MAPKAPK5/PRAK 102.2 

CDK2/Cyclin A1 89.0 ABL2/ARG 97.5 EPHB2 102.2 

ACK1 89.2 CK1epsilon 97.5 KSR2 102.3 

CK2a 89.3 TNK1 97.5 IR 102.3 

ERN1/IRE1 89.8 PASK 97.7 MYLK3 102.4 

c-Kit 89.9 STK39/STLK3 97.8 HGK/MAP4K4 102.5 
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ALK2/ACVR1 89.9 MLK2/MAP3K10 97.8 PIM2 102.5 

CAMKK2 90.0 GRK1 98.0 PRKX 102.6 

MST3/STK24 90.3 PKCepsilon 98.0 MARK2/PAR-1Ba 102.6 

MEK3 90.4 CLK1 98.0 HCK 102.6 

DLK/MAP3K12 91.1 PKCmu/PRKD1 98.1 DYRK3 102.6 

ERBB4/HER4 91.2 ALK 98.1 CDK18/cyclin Y 102.6 

P38g 91.3 CAMK1b 98.1 TYRO3/SKY 102.7 

LCK 91.3 VRK2 98.2 NEK7 102.7 

FMS 91.4 FYN 98.2 MEKK3 102.8 

FLT3 91.5 ALK3/BMPR1A 98.2 PKCg 102.8 

PAK3 91.5 PKA 98.2 ZAK/MLTK 102.8 

SBK1 91.6 PKCa 98.2 p70S6Kb/RPS6KB2 102.9 

ZIPK/DAPK3 91.7 FGFR4 98.3 SIK2 102.9 

MEKK1 91.8 CAMK1a 98.5 HIPK1 103.0 

COT1/MAP3K8 91.8 PAK6 98.5 PDGFRa 103.1 

EPHA1 91.9 BRSK2 98.5 ALK6/BMPR1B 103.1 

TTBK2 91.9 c-Src 98.5 ERK7/MAPK15 103.2 

FAK/PTK2 91.9 PKAcb 98.5 HIPK2 103.3 

PDGFRb 92.3 CTK/MATK 98.5 PKAcg 103.3 

EPHA3 92.4 GRK5 98.6 LYN B 103.4 

CDK2/cyclin O 92.5 AKT1 98.6 MKK6 103.4 

SRMS 92.7 BLK 98.6 TSSK3/STK22C 103.4 

TYK1/LTK 92.8 CDK7/cyclin H 98.6 ABL1 103.5 

IGF1R 92.8 PLK2 98.7 CK1g1 103.5 

GRK4 92.8 c-MET 98.8 PAK5 103.5 

EPHA7 92.9 WNK2 98.8 MARK3 103.6 

DCAMKL1 93.0 CDK6/cyclin D1 98.8 MST1/STK4 103.6 

FLT4/VEGFR3 93.2 DYRK2 98.8 CSK 103.7 

CDK1/cyclin A 93.4 LRRK2 98.9 BRSK1 103.7 

TAOK3/JIK 93.4 PKN3/PRK3 98.9 DRAK1/STK17A 103.8 

STK21/CIT 93.6 BMX/ETK 98.9 ULK2 103.9 

TRKB 93.6 TEC 98.9 FGFR2 103.9 

EPHA2 93.6 Aurora B 98.9 p70S6K/RPS6KB1 103.9 

CDK9/cyclin K 93.7 MEKK2 99.0 CDK5/p35 104.0 

WNK1 93.9 GSK3b 99.0 LOK/STK10 104.0 

MLCK/MYLK 93.9 SRPK2 99.0 P38b/MAPK11 104.0 

EPHA6 93.9 MYO3A 99.1 MEKK6 104.0 

c-MER 93.9 GLK/MAP4K3 99.1 CDK9/cyclin T1 104.0 

SRPK1 94.0 ALK4/ACVR1B 99.1 MRCKb/CDC42BPB 104.0 
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AKT2 94.0 FRK/PTK5 99.2 BTK 104.1 

SGK3/SGKL 94.1 MLK4 99.2 SYK 104.1 

TIE2/TEK 94.2 JAK2 99.2 TLK2 104.1 

DAPK2 94.3 GCK/MAP4K2 99.2 MARK1 104.4 

YSK4/MAP3K19 94.3 PHKg2 99.3 CDK4/cyclin D1 104.4 

PHKg1 94.4 CDC7/DBF4 99.3 YES/YES1 104.4 

MYLK4 94.4 MAK 99.4 CDK17/cyclin Y  104.4 

LIMK2 94.6 TNIK 99.4 RSK1 104.5 

CK1g3 94.7 AXL 99.5 CDK3/cyclin E 104.7 

GRK7 94.7 RIPK2 99.5 MLCK2/MYLK2 104.8 

CK2a2 94.7 EPHA5 99.6 SIK1 104.9 

RSK3 94.8 LATS1 99.6 RSK4 105.0 

PAK1 94.8 TAK1 99.6 CAMK2g 105.1 

NEK4 94.9 PKG1a 99.6 CAMK1d 105.2 

MNK2 94.9 IKKa/CHUK 99.7 TGFBR2 105.3 

SNRK 95.0 TAOK1 99.7 PBK/TOPK 105.3 

VRK1 95.0 MKK4 99.7 TBK1 105.4 

ASK1/MAP3K5 95.0 EPHB1 99.8 MAPKAPK3 105.6 

MEK1 95.1 STK33 99.9 CDK4/cyclin D3 106.0 

CHK1 95.2 MSK2/RPS6KA4 99.9 GRK3 106.0 

EGFR 95.3 ITK 99.9 PKCzeta 106.2 

CAMK1g 95.4 TTBK1 99.9 IRAK4 106.2 

SGK1 95.5 RET 100.0 MEK2 106.4 

PLK3 95.5 DCAMKL2 100.0 ZAP70 106.5 

DMPK2 95.6 DYRK1/DYRK1A 100.1 NEK2 106.6 

FER 95.6 MST2/STK3 100.1 Aurora A 106.7 

STK38/NDR1 95.7 PKG2/PRKG2 100.1 ERK2/MAPK1 107.0 

TRKA 95.7 AKT3 100.1 CDK16/cyclin Y 107.4 

MUSK 95.8 EPHA8 100.1 MYO3b 107.6 

STK32B/YANK2 95.8 PKG1b 100.2 SNARK/NUAK2 107.8 

TXK 95.8 CK1a1 100.3 ERK5/MAPK7 108.4 

NLK 95.9 CDK2/cyclin E 100.3 NEK1 108.9 

DYRK1B 95.9 RIPK5 100.3 LKB1 109.3 

BMPR2 96.1 MAPKAPK2 100.4 LIMK1 109.6 

ARK5/NUAK1 96.2 MRCKa/CDC42BPA 100.4 STK22D/TSSK1 109.6 

PKD2/PRKD2 96.2 P38a/MAPK14 100.4 GRK2 109.7 

PKCb1 96.2 ROCK1 100.5 TESK1 109.8 

CLK4 96.2 PAK4 100.6 STK16 110.2 

JNK3 96.2 JNK1 100.6 CK1g2 110.3 



S11 

 

DMPK 96.3 RSK2 100.7 SSTK/TSSK6 110.4 

KSR1 96.3 MLK1/MAP3K9 100.7 Aurora C 110.8 

EPHB4 96.4 TRKC 100.7 HPK1/MAP4K1 110.9 

MARK4 96.4 RAF1 100.8 SGK2 111.0 

FGFR3 96.4 TLK1 100.8 HIPK3 112.0 

IKKb/IKBKB 96.5 FES/FPS 100.8 DDR2 112.4 

CAMK2d 96.5 ALK1/ACVRL1 100.8 PKCeta 112.7 

NEK6 96.6 WNK3 100.9 GRK6 114.4 

PKN2/PRK2 96.6 TAOK2/TAO1 101.1 CK1a1L 114.5 

SIK3 96.7 ULK1 101.2 STK32C/YANK3 117.0 

FGR 96.7 HIPK4 101.2 NEK5 118.2 

EPHA4 96.8 LCK2/ICK 101.3 IRAK1 135.6 
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Figure S2. Overall kinase selectivity profiling of 19b. Kinases showing > 50 % inhibition are clustered 

on kinome tree. PDHK1/2/3/4 out of 366 kinases are inhibited more than 90% by 19b at 1 µM. 

Illustration reproduced courtesy of Cell Signaling Technology, Inc. (www.cellsignal.com) 

  

http://www.cellsignal.com/
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Table S3. Inhibitory activities of 19n at three different ATP concentration against PDHK1/2/3.  

 IC50 (µM) a 

[ATP] (µM) 10 50 200 

PDHK1 0.036 ± 0.000 0.164 ± 0.009 0.405 ± 0.121 

PDHK2 0.010 ± 0.003 0.131 ± 0.020 0.093 ± 0.021 

PDHK3 0.059 ± 0.032 0.266 ± 0.130 0.799 ± 0.008 

aRadiometric biochemical kinase assay. 
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Figure S3. Anti-proliferation assay of compound 6 and 19n in (A) H1299 and (B) DU145. Cells were 

plated at a density of 3000 / well in 96-well plates. After 24 h, each compound was added to wells at 10 

points of 3-fold serial dilution (0 - 100 μM). After 72 h incubation, the viable cells were assessed by 

CellTiter-Glo® Luminescent Cell Viability Assay (G7573) (Promega, Wisconsin, USA). The 

luminescence was measured by using EnVision2103 (PerkinElmer; Boston, MA, US). Each experiment 

was performed in duplicate mode. 
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Figure S4. Knockdown of PDHK expression affects the antiproliferative activity of 19n on H1299 cells. 

(A) mRNA level of each isoform of PDHKs in H1299 cell line. (B) Antiproliferative activities of 19n 

on H1299 cells transfected with either siPDHK1/2 or siCTL (control siRNA). (C) mRNA level of 

PDHK1 and PDHK2 after siPDHK1/siPDHK2 transfection. 
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