
 

 

Supplementary​ ​Table​ ​1:​ ​Kinase-mutated​ ​flies. 

Gene​ ​names,​ ​corresponding​ ​CG​ ​numbers,​ ​and​ ​fly​ ​genotypes​ ​are​ ​shown​ ​for​ ​each​ ​kinase. 
Human​ ​orthologs​ ​of​ ​fly​ ​genes​ ​were​ ​predicted​ ​by​ ​DIOPT 
(http://www.flyrnai.org/cgi-bin/DRSC_orthologs.pl).  
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Supplementary​ ​Table​ ​1,​ ​continued. 
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Supplementary​ ​Table​ ​1,​ ​continued. 
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Supplementary​ ​Table​ ​2:​ ​Pro-targets​ ​of​ ​sorafenib​ ​[1]​ ​and​ ​LS1-15​ ​[4]. 

A​ ​list​ ​of​ ​genes​ ​of​ ​which​ ​heterozygosity​ ​led​ ​to​ ​statistically​ ​significant​ ​increase​ ​in​ ​the​ ​survival​ ​of 
ptc>dRet​M955T​​ ​flies​ ​in​ ​the​ ​presence​ ​of​ ​​1​​ ​or​ ​​4​.​ ​​ptc>dRet​M955T​​ ​flies​ ​were​ ​crossed​ ​to​ ​kinase-mutant 
flies,​ ​and​ ​the​ ​number​ ​of​ ​​ptc>dRet​M955T​,​mutant​-/+​​ ​adults​ ​was​ ​divided​ ​by​ ​that​ ​of​ ​total​ ​pupae​ ​to 
calculate​ ​percent​ ​viability.​ ​Viabilities​ ​of​ ​kinase-proficient​ ​controls​ ​differ​ ​between​ ​data​ ​sets​ ​for 
different​ ​chromosomes​ ​due​ ​to​ ​swapped​ ​genders​ ​of​ ​parent​ ​flies​ ​in​ ​the​ ​crosses​ ​(Supplementary 
Figs.​ ​3b-h).​ ​W,​ ​M,​ ​and​ ​S​ ​indicate​ ​statistically​ ​significantly​ ​weak,​ ​modest,​ ​and​ ​strong​ ​effects, 
respectively:​ ​for​ ​genes​ ​on​ ​the​ ​X​ ​chromosome,​ ​weak​ ​(21-50%​ ​viability),​ ​moderate​ ​(51-80% 
viability),​ ​and​ ​strong​ ​effects​ ​(81-100%​ ​viability),​ ​respectively,​ ​and​ ​for​ ​genes​ ​on​ ​2nd,​ ​3rd,​ ​and​ ​4th 
chromosomes,​ ​weak​ ​(51-70%​ ​viability),​ ​moderate​ ​(71-90%​ ​viability),​ ​and​ ​strong​ ​effects 
(91-100%​ ​viability),​ ​respectively.​ ​s.e.,​ ​standard​ ​error​ ​for​ ​three​ ​experimental​ ​replicates.​ ​Asterisks: 
statistically​ ​significant​ ​change​ ​in​ ​%​ ​viability​ ​in​ ​the​ ​absence​ ​of​ ​drug​ ​treatment.​ ​–,​ ​soraf,​ ​and​ ​L15 
indicate​ ​vehicle-,​ ​sorafenib​ ​[​1​]-,​ ​and​ ​LS1-15​ ​[​4​]-treated​ ​flies,​ ​respectively.  
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Supplementary​ ​Table​ ​2,​ ​continued. 
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Supplementary​ ​Table​ ​2,​ ​continued. 
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Supplementary​ ​Table​ ​2,​ ​continued. 
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Supplementary​ ​Table​ ​3:​ ​Anti-targets​ ​of​ ​sorafenib​ ​[1]​ ​and​ ​LS1-15​ ​[4]. 

A​ ​list​ ​of​ ​genes​ ​whose​ ​heterozygosity​ ​caused​ ​statistically​ ​significant​ ​decrease​ ​in​ ​%​ ​viability​ ​of 
ptc>dRet​M955T​​ ​flies​ ​in​ ​the​ ​presence​ ​of​ ​drugs.​ ​Same​ ​legend​ ​as​ ​Supplementary​ ​Table​ ​2​ ​except​ ​for 
W,​ ​M,​ ​and​ ​S​ ​for​ ​genes​ ​on​ ​the​ ​X​ ​chromosome​ ​(weak​ ​[11-17%​ ​viability],​ ​moderate​ ​[6-10% 
viability],​ ​and​ ​strong​ ​[0-5%​ ​viability]​ ​effects,​ ​respectively}​ ​or​ ​2nd,​ ​3rd,​ ​and​ ​4th​ ​chromosomes 
(weak​ ​[30-47%​ ​viability],​ ​moderate​ ​[10-29%​ ​viability],​ ​and​ ​strong​ ​effects​ ​[0-9%​ ​viability], 
respectively). 
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Supplementary​ ​Table​ ​4:​ ​​In​ ​vitro​​ ​inhibition​ ​data​ ​for​ ​kinases.  

Percent​ ​​in​ ​vitro​​ ​inhibition​ ​of​ ​human​ ​kinase​ ​activities​ ​by​ ​TCIs.​ ​Red,​ ​greater​ ​than​ ​80%​ ​inhibition. 
White,​ ​41-80%​ ​inhibition.​ ​Blue,​ ​less​ ​than​ ​40%​ ​inhibition. 
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Supplementary​ ​Fig.​ ​1:​ ​Determining​ ​the​ ​effects​ ​of​ ​inhibitors​ ​in​ ​​Drosophila​​ ​MTC​ ​model.  

a​,​ ​Scheme​ ​showing​ ​quantitative​ ​‘rescue-from-lethality’​ ​​Drosophila​​ ​platform​ ​used​ ​for​ ​drug​ ​and 
compound​ ​screening.​ ​In​ ​​ptc>dRet​M955T​​ ​flies,​ ​the​ ​​patched​​ ​(​ptc​)​ ​promoter​ ​drives​ ​an​ ​oncogenic 
mutant​ ​isoform​ ​of​ ​​Drosophila​​ ​​Ret​​ ​(​dRet​M955T​)​ ​in​ ​several​ ​tissues,​ ​directing​ ​lethality​ ​prior​ ​to 
emergence​ ​as​ ​adults.​ ​Larvae​ ​consume​ ​candidate​ ​drugs;​ ​drug​ ​efficacy​ ​is​ ​quantified​ ​by​ ​dividing 
the​ ​number​ ​of​ ​rescued​ ​adults​ ​(​A​)​ ​by​ ​the​ ​number​ ​of​ ​total​ ​pupae​ ​(​P​). 

b​,​ ​Scheme​ ​showing​ ​preparation​ ​of​ ​​ptc>dRet​M955T​​ ​flies.​ ​In 
ptc​-​gal4​,​UAS-GFP​;​UAS-dRet​M955T​/​SM5​tub-gal80​-TM6B​​ ​flies,​ ​​tubulin​​ ​promoter-driven​ ​GAL80 
suppressed​ ​GAL4​ ​activity​ ​to​ ​suppress​ ​​dRet​M955T​​ ​expression.​ ​For​ ​drug​ ​screening,​ ​these​ ​flies 
were​ ​crossed​ ​with​ ​​w​–​​ ​flies​ ​to​ ​create​ ​non-​Tb​,​ ​oncogenic​ ​​ptc​-​gal4​,​UAS-GFP​;​UAS-dRet​M955T 

(​ptc>dRet​M955T​)​ ​flies​ ​that​ ​were​ ​morphologically​ ​distinguishable​ ​from​ ​​Tb​​ ​control​ ​flies​ ​at​ ​the​ ​pupal 
stage.​ ​Fly​ ​progenies​ ​were​ ​treated​ ​with​ ​or​ ​without​ ​drugs,​ ​and​ ​raised​ ​at​ ​25°C.  

c,​ ​​The​ ​conformations​ ​of​ ​​1​​ ​when​ ​bound​ ​to​ ​various​ ​kinases​ ​in​ ​the​ ​DFG-out​ ​(​i.e.​​ ​inactive) 
conformation​ ​(gray);​ ​PDB​ ​ID​ ​of​ ​the​ ​shown​ ​structures​ ​is​ ​listed​ ​in​ ​parentheses.​ ​For​ ​example, 
when​ ​bound​ ​to​ ​BRAF,​ ​​1​​ ​(yellow​ ​version)​ ​interacts​ ​with​ ​the​ ​hinge​ ​region​ ​of​ ​the​ ​ATP-binding 
pocket​ ​and​ ​a​ ​conserved​ ​glutamate​ ​residue​ ​from​ ​the​ ​C-helix​ ​(E885)​ ​using​ ​hinge​ ​binder​ ​and​ ​linker 
regions,​ ​respectively.​ ​The​ ​cap​ ​group​ ​of​ ​​1​​ ​occupies​ ​the​ ​DFG-out​ ​pocket,​ ​which​ ​is​ ​created​ ​by 
movement​ ​of​ ​the​ ​phenylalanine​ ​(F1047)​ ​from​ ​the​ ​DFG-in​ ​(​i.e.​​ ​active)​ ​conformation.  

d​,​ ​Rescue​ ​of​ ​​ptc>dRet​M955T​​ ​flies​ ​by​ ​TCIs.​ ​The​ ​chemical​ ​structures​ ​for​ ​tested​ ​compounds​ ​within 
the​ ​matrix​ ​is​ ​denoted​ ​based​ ​on​ ​linker​ ​(L1-L3),​ ​spacer​ ​(S1-S3),​ ​and​ ​caps​ ​(C1-C4)​ ​as​ ​shown​ ​in 
Fig.​ ​2a.​ ​Lower​ ​case​ ​letters​ ​correspond​ ​to​ ​viability​ ​data​ ​as​ ​shown​ ​in​ ​Supplementary​ ​Figs.​ ​2a​ ​and 
2b.​ ​LS1-15​ ​[​4​]​ ​(​j​)​ ​rescued​ ​viability​ ​significantly​ ​better​ ​than​ ​sorafenib​ ​[​1​]​ ​(​a​)​ ​and​ ​regorafenib​ ​[​2​] 
(​b​).  
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Supplementary​ ​Fig.​ ​2:​ ​Extended​ ​description​ ​of​ ​the​ ​terminal​ ​cap​ ​group​ ​SAR. 

a​,​ ​Rescue​ ​of​ ​​ptc>dRet​M955T​​ ​flies​ ​by​ ​TCIs.​ ​Additional,​ ​specific​ ​compound​ ​designations​ ​correspond 
to​ ​the​ ​synthetic​ ​procedures​ ​in​ ​the​ ​Methods​ ​section,​ ​and​ ​those​ ​highlighted​ ​in​ ​magenta​ ​posses 
spacer​ ​S2;​ ​see​ ​also​ ​Fig.​ ​4a.​ ​APS5-16-2​ ​carrying​ ​the​ ​–C​2​F​5​​ ​group​ ​within​ ​the​ ​cap​ ​showed 
significant​ ​rescue​ ​(​k​),​ ​whereas​ ​APS6-45,​ ​with​ ​the​ ​–​iso​C​3​F​7​​ ​substitution,​ ​shows​ ​the​ ​strongest 
efficacy​ ​(​o​)​ ​exceeding​ ​AD80.​ ​The​ ​lowercase​ ​letters​ ​(​a​-​o​)​ ​correspond​ ​to​ ​the​ ​dosing​ ​plots​ ​shown 
in​ ​​b​.  

b​,​ ​Dose​ ​response​ ​to​ ​TCIs.​ ​T,​ ​toxic​ ​dose​ ​for​ ​flies.​ ​Error​ ​bars,​ ​standard​ ​errors​ ​in​ ​triplicate.  
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Supplementary​ ​Fig.​ ​3:​ ​Determining​ ​the​ ​effects​ ​of​ ​heterozygosity​ ​of​ ​kinase​ ​genes​ ​in 
Drosophila​​ ​MTC​ ​model.  

a,​​ ​Scheme​ ​showing​ ​screening​ ​approach​ ​to​ ​identify​ ​genetic​ ​modifiers​ ​of​ ​​4​​ ​efficacy​ ​in 
ptc>dRet​M955T​​ ​​flies.​ ​Fly​ ​kinome​ ​genes​ ​were​ ​identified​ ​as​ ​"pro-targets"​ ​or​ ​"anti-targets"​ ​if—as 
whole​ ​animal​ ​heterozygotes​ ​(​ptc>dRet​M955T​,​gene​-/+​)—they​ ​increased​ ​or​ ​decreased,​ ​respectively, 
the​ ​efficacy​ ​of​ ​​4​. 
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b-h​,​ ​Generating​ ​experimental​ ​flies.​ ​​ptc>dRet​M955T​​ ​flies​ ​are​ ​crossed​ ​with​ ​flies​ ​mutant​ ​for​ ​a​ ​kinase 
gene​ ​on​ ​either​ ​X​ ​(​b,​ ​c​),​ ​2nd​ ​(​d,​ ​e​),​ ​3rd​ ​(​f,​ ​g​),​ ​or​ ​4th​ ​(​h​)​ ​chromosomes,​ ​and​ ​their​ ​progenies​ ​were 
raised​ ​on​ ​fly​ ​food​ ​with​ ​or​ ​without​ ​drugs​ ​at​ ​23°C.​ ​Mutant​ ​alleles​ ​in​ ​parent​ ​flies​ ​are​ ​either​ ​balanced 
with​ ​​Tb​​ ​allele​ ​(​b,​ ​d,​ ​f​),​ ​or​ ​homozygous​ ​(​c,​ ​e,​ ​g,​ ​h​).  
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Supplementary​ ​Fig.​ ​4:​ ​Shared​ ​and​ ​specific​ ​pro-targets​ ​and​ ​anti-targets. 

a,​ ​​Lk6​​ ​heterozygosity​ ​had​ ​no​ ​effect​ ​on​ ​viability​ ​of​ ​control​ ​flies.​ ​Control​ ​(​w​–​)​ ​or​ ​​Lk6​​ ​heterozygous 
(​w​–​;​Lk6​-/+​)​ ​larvae​ ​were​ ​treated​ ​with​ ​or​ ​without​ ​drugs,​ ​and​ ​cultured​ ​at​ ​23°C.​ ​Percent​ ​viability​ ​was 
determined​ ​using​ ​numbers​ ​of​ ​pupae​ ​and​ ​adults.​ ​Error​ ​bars,​ ​standard​ ​errors​ ​in​ ​triplicate.  

b,​ ​​Venn​ ​diagrams​ ​showing​ ​pro-targets​ ​and​ ​anti-targets​ ​for​ ​​1​​ ​and/or​ ​​4​.​ ​Shown​ ​are​ ​strong 
pro-targets​ ​and​ ​strong​ ​anti-targets​ ​in​ ​which​ ​heterozygosity​ ​gave​ ​rise​ ​to​ ​>​ ​91%​ ​and​ ​<​ ​9%​ ​viability 
to​ ​​ptc>dRet​M955T​​ ​flies,​ ​respectively,​ ​in​ ​the​ ​presence​ ​of​ ​compounds​ ​at​ ​23°C. 
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Supplementary​ ​Fig.​ ​5:​ ​Pro-targets​ ​and​ ​anti-targets​ ​of​ ​sorafenib​ ​[1]​ ​and​ ​LS1-15​ ​[4].  

Pro-targets​ ​and​ ​anti-targets​ ​of​ ​​1​​ ​and​ ​​4​​ ​were​ ​grouped​ ​into​ ​receptor​ ​kinase/phosphoinositide 
3-kinase​ ​(PI3K)/MAPK​ ​(​A​),​ ​stress​ ​(​B​),​ ​cytoskeleton​ ​(​C​),​ ​genome​ ​integrity/gene​ ​expression​ ​(​D​), 
cell​ ​cycle​ ​(​E​),​ ​or​ ​other​ ​signaling​ ​pathways​ ​(​F​)​ ​according​ ​to​ ​their​ ​functions.​ ​Pale​ ​green​ ​and​ ​dark 
green​ ​circles​ ​indicate​ ​pro-targets​ ​of​ ​​1​​ ​and​ ​​4​,​ ​respectively,​ ​whereas​ ​pink​ ​and​ ​red​ ​circles​ ​indicate 
anti-targets​ ​of​ ​​1​​ ​and​ ​​4​,​ ​respectively.​ ​Small​ ​and​ ​large​ ​circles​ ​indicate​ ​weak/medium​ ​and​ ​strong 
modifiers​ ​of​ ​compound​ ​efficacy​ ​in​ ​​ptc​>​dRet​M955T​​ ​flies,​ ​respectively.​ ​Percent​ ​inhibition​ ​of​ ​each 
kinase​ ​by​ ​TCIs​ ​and​ ​Kd​ ​value​ ​by​ ​​1​ ​​(ref.​ ​​10​)​ ​are​ ​also​ ​shown.​ ​Soraf,​ ​sorafenib​ ​[​1​];​ ​L15,​ ​LS1-15​ ​[​4​]; 
A5,​ ​APS5-16-2​ ​[​9​];​ ​A6,​ ​APS6-45​ ​[​10​]. 
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Supplementary​ ​Fig.​ ​6:​​ ​​Derivatives​ ​of​ ​sorafenib​ ​[1]​. 

a,​​ ​​Lk6​​ ​knockdown​ ​specifically​ ​in​ ​​dRet​M955T​​ ​cells​ ​increases​ ​the​ ​viability​ ​of​ ​​ptc​>​dRet​M955T​​ ​flies.​ ​Two 
different​ ​sequences​ ​(#1​ ​and​ ​#2)​ ​were​ ​driven​ ​by​ ​the​ ​​ptc​​ ​promoter​ ​to​ ​knock​ ​down​ ​​Lk6​​ ​expression. 
Error​ ​bars,​ ​standard​ ​errors​ ​in​ ​triplicate.​ ​Asterisks,​ ​​p​​ ​<​ ​0.05​ ​in​ ​Student’s​ ​​t​-test​ ​as​ ​compared​ ​with 
no-shRNA​ ​control. 

b,​​ ​A​ ​model​ ​of​ ​MKNK​ ​inhibition​ ​of​ ​RAS/MAPK​ ​pathway​ ​signaling. 

c,​ ​​The​ ​TCIs​ ​​9​​ ​and​ ​​10​​ ​possess​ ​extended​ ​perfluoroalkyl​ ​group​ ​substitutions​ ​relative​ ​to​ ​​1​​ ​and​ ​​4 
(red). 

d,​ ​​Comparing​ ​efficacy​ ​and​ ​logP​ ​values​ ​(parentheses)​ ​for​ ​​1​​ ​and​ ​several​ ​of​ ​the​ ​TCIs, 
demonstrating​ ​poor​ ​correlation​ ​between​ ​the​ ​two​ ​parameters.  
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Supplementary​ ​Fig.​ ​7:​ ​Effects​ ​of​ ​APS6-45​ ​[10]​ ​on​ ​Ras/MAPK​ ​signaling​ ​in​ ​human​ ​cancer 
cells. 

a,​ ​​Human​ ​cancer​ ​cell​ ​lines​ ​HCT-116​ ​and​ ​LOVO​ ​were​ ​treated​ ​with​ ​the​ ​indicated​ ​doses​ ​of​ ​​1​​ ​and 
10​,​ ​and​ ​the​ ​effects​ ​on​ ​Ras/MAPK​ ​signaling​ ​were​ ​measured​ ​by​ ​western​ ​blot​ ​using 
pMEK(S217/S221)​ ​and​ ​pERK(T202/Y204)​ ​antibodies.​ ​Peak​ ​transactivation​ ​of​ ​BRAF​ ​by​ ​​1​ ​​(ref. 
38​)​ ​and​ ​​10​​ ​are​ ​indicated​ ​by​ ​arrows.​ ​Uncropped​ ​images​ ​are​ ​in​ ​Supplementary​ ​Fig.​ ​8a. 

b,​​ ​​10​​ ​inhibited​ ​Ras​ ​pathway​ ​activity​ ​in​ ​human​ ​MTC​ ​cells.​ ​TT​ ​and​ ​MZ-CRC-1​ ​were​ ​treated​ ​with 
vehicle​ ​(–),​ ​1​ ​µM​ ​of​ ​sorafenib​ ​[​1​]​ ​(S),​ ​or​ ​1​ ​µM​ ​of​ ​APS6-45​ ​[​10​]​ ​(A)​ ​for​ ​1​ ​h,​ ​and​ ​cell​ ​lysates​ ​were 
analyzed​ ​for​ ​activity​ ​of​ ​the​ ​Ras/MAPK​ ​pathway​ ​effectors​ ​MEK,​ ​ERK,​ ​and​ ​S6.​ ​Uncropped​ ​images 
are​ ​in​ ​Supplementary​ ​Fig.​ ​8b. 

c,​​ ​Maximum​ ​tolerated​ ​dose​ ​(MTD)​ ​and​ ​pharmacokinetics​ ​(PK)​ ​of​ ​​10​​ ​in​ ​mice.​ ​For​ ​PK​ ​test,​ ​mice 
were​ ​dosed​ ​with​ ​20​ ​mg/kg​ ​of​ ​​10​​ ​orally.  
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Supplementary​ ​Fig.​ ​8:​ ​Uncropped​ ​western​ ​images.  

a​ ​and​ ​b,​ ​​Original​ ​images​ ​for​ ​Supplementary​ ​Figs.​ ​7a​ ​and​ ​7b,​ ​respectively. 
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Supplementary​ ​Fig.​ ​9:​ ​Optimizing​ ​polypharmacology. 

a,​ ​​Scheme​ ​showing​ ​stepwise​ ​derivatization​ ​of​ ​TCIs.​ ​The​ ​first​ ​set​ ​of​ ​TCIs​ ​includes​ ​combinations 
between​ ​spacers/linkers/caps​ ​generated​ ​by​ ​medicinal​ ​chemistry.​ ​Drug​ ​screening​ ​experiments 
with​ ​​ptc>dRet​M955T​​ ​flies​ ​identified​ ​​4​​ ​as​ ​the​ ​best​ ​derivative;​ ​subsequent​ ​genetic​ ​screening 
revealed​ ​pro-targets​ ​and​ ​anti-targets​ ​for​ ​​1​​ ​and​ ​​4​.​ ​Computation​ ​compared​ ​physicochemical 
features​ ​between​ ​compounds​ ​such​ ​as​ ​intramolecular​ ​steric​ ​hindrance​ ​and​ ​modifications​ ​of​ ​the 
cap​ ​to​ ​prevent​ ​its​ ​binding​ ​to​ ​anti-targets,​ ​pointing​ ​to​ ​novel​ ​chemical​ ​spaces​ ​​9​​ ​and​ ​​10​. 

b,​​ ​Models​ ​for​ ​mechanism​ ​of​ ​action​ ​of​ ​each​ ​TCI. 

(Left)​ ​​1​​ ​inhibits​ ​pro-targets​ ​such​ ​as​ ​RET​ ​(green).​ ​At​ ​low​ ​dose,​ ​however,​ ​such​ ​inhibition​ ​is​ ​not 
sufficiently​ ​potent​ ​to​ ​overcome​ ​anti-targets​ ​such​ ​as​ ​BRAF​ ​(yellow).​ ​Such​ ​unwanted​ ​effects​ ​are 
reduced​ ​but​ ​not​ ​abolished​ ​at​ ​higher​ ​concentration;​ ​in​ ​addition,​ ​inhibition​ ​of​ ​anti-targets​ ​(blue) 
further​ ​limits​ ​the​ ​therapeutic​ ​window​ ​(pink). 

(Middle)​ ​​4​​ ​inhibits​ ​additional​ ​pro-targets​ ​EPH​ ​and​ ​FRK,​ ​generating​ ​a​ ​larger​ ​therapeutic​ ​window 
than​ ​​1​.​ ​​4​​ ​at​ ​low​ ​dose​ ​is​ ​still​ ​limited​ ​by​ ​toxicity​ ​because​ ​it​ ​activates​ ​BRAF​ ​as​ ​​1​​ ​does. 

(Right)​ ​​9​​ ​and​ ​​10​​ ​displayed​ ​reduced​ ​binding​ ​potency​ ​to​ ​BRAF,​ ​thus​ ​preventing​ ​activation​ ​of 
these​ ​anti-targets​ ​even​ ​at​ ​low​ ​dose.​ ​Other​ ​anti-targets​ ​such​ ​as​ ​MKNK​ ​are​ ​also​ ​kept​ ​uninhibited, 
leading​ ​to​ ​a​ ​wider​ ​therapeutic​ ​window​ ​than​ ​​1​. 
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Supplementary​ ​Fig.​ ​10:​ ​Increased​ ​activity​ ​of​ ​APS6-45​ ​[10]​ ​against​ ​pro-targets​ ​of 
sorafenib​ ​[1]. 

a,​​ ​Distinct​ ​inhibition​ ​of​ ​pro-target​ ​kinases​ ​by​ ​TCIs.​ ​Percent​ ​inhibition​ ​of​ ​kinase​ ​activities​ ​were 
determined​ ​by​ ​​in​ ​vitro​​ ​assays.​ ​Percent​ ​rescue​ ​of​ ​​ptc>dRet​M955T​​ ​flies​ ​by​ ​each​ ​compound​ ​is​ ​shown 
(parentheses).​ ​Note​ ​that​ ​LRRK1​ ​is​ ​a​ ​strong​ ​pro-target,​ ​whereas​ ​ABL2,​ ​DDR2,​ ​HCK,​ ​and​ ​LCK 
are​ ​weak​ ​to​ ​moderate​ ​pro-targets​ ​(Supplementary​ ​Table​ ​2). 

b​,​ ​Kd​ ​values​ ​determined​ ​by​ ​multi-point​ ​assays​ ​for​ ​​1​​ ​and​ ​​10​​ ​against​ ​pro-target​ ​kinases​ ​of​ ​​1​. 
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Supplementary​ ​Fig.​ ​11.​ ​Computing​ ​physicochemical​ ​features​ ​for​ ​TCIs. 

Torsional​ ​energy​ ​of​ ​the​ ​linker/cap​ ​and​ ​linker/spacer​ ​is​ ​converted​ ​into​ ​relative​ ​conformational 
population​ ​of​ ​the​ ​compounds,​ ​represented​ ​in​ ​a​ ​heatmap.​ ​Since​ ​most​ ​TCIs​ ​do​ ​not​ ​have​ ​a 
substituent​ ​on​ ​the​ ​spacer​ ​region,​ ​linker/spacer​ ​is​ ​symmetric​ ​at​ ​180°.​ ​​1​,​ ​APS5-16-1,​ ​and​ ​AD57 
have​ ​two​ ​predominant​ ​conformational​ ​populations,​ ​the​ ​​cis-​​ ​and​ ​the​ ​​trans-​ ​​conformers,​ ​likely​ ​due 
to​ ​the​ ​rotation​ ​of​ ​the​ ​linker/cap.​ ​Conversely,​ ​​4​,​ ​​9​,​ ​and​ ​AD80​ ​strongly​ ​favor​ ​the​ ​​cis-​ ​ ​over​ ​the 
trans-​​ ​conformation,​ ​likely​ ​due​ ​to​ ​the​ ​multipolar​ ​interaction​ ​between​ ​the​ ​urea​ ​amide​ ​hydrogen 
and​ ​fluorine​ ​(green​ ​broken​ ​line),​ ​and​ ​strong​ ​electrostatic​ ​repulsion​ ​between​ ​the​ ​fluorine​ ​and​ ​the 
urea​ ​carbonyl​ ​oxygen​ ​in​ ​the​ ​​trans-​​ ​conformation​ ​(magenta​ ​arcs).  
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Supplementary​ ​Dataset​ ​1:​ ​​In​ ​vitro​​ ​inhibition​ ​of​ ​kinases​ ​by​ ​APS6-45​ ​[10].  

Percent​ ​​in​ ​vitro​​ ​activity​ ​remaining​ ​for​ ​human​ ​kinases​ ​was​ ​determined​ ​in​ ​the​ ​presence​ ​of​ ​10​ ​μM 
of​ ​​10​. 

 

Supplementary​ ​Dataset​ ​2:​ ​Numbers​ ​of​ ​samples. 
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