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Supplemental Tables 
 

a. Miscellaneous protein/peptide sequences 
GST protein MSPILGYWKIKGLVQPTRLLLEYLEEKYEEHLYERDEGDKWRNKKFELG

LEFPNLPYYIDGDVKLTQSMAIIRYIADKHNMLGGCPKERAEISMLEGA
VLDIRYGVSRIAYSKDFETLKVDFLSKLPEMLKMFEDRLCHKTYLNGDH
VTHPDFMLYDALDVVLYMDPMCLDAFPKLVCFKKRIEAIPQIDKYLKSS
KYIAWPLQGWQATFGGGDHPPK 
 

TEV protease 
cleavage site 

ENLYFQG 

G4S Linker 
 

GGGGS 

b. Cdk phosphorylation site sequences 
PKTPKKAKKL(H1 
site) 

PKTPKKAKKL 
 

Rb775-787(S780) RPPTLSPIPHIPR 
Rb790-805(S795) GSYKFPSSPLRIPGGNIY 
 

c. Cdk substrate docking site sequences 
RxL docking HTLKGRRLVFDNQLT 
Helix docking SKFQQKLAEMTSTRTRMQKQK 
Helix mut. 
docking 

SKAQQKAAEMTSTATRMQKQK 

Reversed Helix 
docking 

KQKQMRTRTSTMEALKQQFKS 

RxL docking HTLKGRRLVFDNQLT 
  

d. Full GST-PKTPKKAKKL(H1 site) phosphorylation site fusion protein sequences 
GST-
PKTPKKAKKL(H1 
site) 

 
GST-SD-TEV-GS- PKTPKKAKKL(H1 site) 

GST-
PKTPKKAKKL(H1 
site)+RxL 
docking 

GST-SD-TEV-GS- PKTPKKAKKL(H1 site)-G4S-RxL docking 

GST-
PKTPKKAKKL(H1 
site)+Helix 
docking 

GST-SD-TEV-GS- PKTPKKAKKL(H1 site)-G4S-Helix 
docking 

GST-
PKTPKKAKKL(H1 
site)+Helix mut. 
docking 

GST-SD-TEV-GS- PKTPKKAKKL(H1 site)-G4S-Helix mut. 
Docking 
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e. Full GST-Rb775-787(S780) phosphorylation site fusion protein sequences 

GST-Rb775-
787(S780) 

GST-SD-TEV-Rb775-787(S780) 
 

GST-Rb775-
787(S780)+RxL 
docking 

GST-SD-TEV-GS-Rb775-787(S780)-G4S-RxL docking 
 

GST-Rb775-
787(S780)+Helix 
docking 

GST-SD-TEV-GS-Rb775-787(S780)-G4S-Helix docking 
 

GST-Rb775-
787(S780)+Helix 
mut. docking 

GST-SD-TEV-GS-Rb775-787(S780)-G4S-Helix mut. 
docking 
 

GST-Rb775-
787(S780)-no 
linker+RxL 
docking 

GST-SD-TEV-GS-Rb775-787(S780)-RxL docking 
 

GST-Rb775-
787(S780)-
2xlinker+Helix 
docking 

GST-SD-TEV-GS-Rb775-787(S780)-G4S-G4S-Helix 
docking 
 

GST-Rb775-
787(S780)-
3xlinker+Helix 
docking 

GST-SD-TEV-GS-Rb775-787(S780)-G4S-G4S-G4S-Helix 
docking 
 

GST-Rb775-
787(S780)-
3xlinker+reverse
d Helix docking 

GST-SD-TEV-GS-Rb775-787(S780)-G4S-G4S-G4S-Reversed 
Helix docking 
 

  
f. Full GST-Rb790-805(S795) phosphorylation site fusion protein sequences 

GST-Rb790-
805(S795) 

GST-SD-TEV-Rb790-805(S795) 
 

GST-Rb790-
805(S795)+RxL 
docking 

GST-SD-TEV-GS-Rb790-805(S795)-G4S-RxL docking 
 

GST-Rb790-
805(S795)+Helix 
docking 

GST-SD-TEV-GS-Rb790-805(S795)-G4S-
SKFQQKLAEMTSTRTRMQKQK 
 

GST-Rb790-
805(S795)+Helix 
mut. docking 

GST-SD-TEV-GS-Rb790-805(S795)-G4S-
SKAQQKAAEMTSTATRMQKQK 
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Table S1: Engineered GST-Cdk phosphorylation site fusion protein sequences. a, 

Miscellaneous protein/peptide sequences. b, Cdk phosphorylation sequences, highlighted in 

green. S/TP sites are colored red. c, Cdk substrate docking site sequences, highlighted in blue. d-

f, Full GST-Cdk phosphorylation site fusion protein sequences for (d) PKTPKKAKKL (H1 site), 

(e) Rb775-787 (S780), and (f) Rb790-805 (S795). 

  



 

4 
 

Entry Position Sequence PSSM score Name Description 
61 P28749 1053 LLKRLQDVVSER 44.16488535666283 sp|P28749|RBL1_HUMAN 
sp|P28749|RBL1_HUMAN Retinoblastoma-like protein 1 OS=Homo sapiens OX=9606 
GN=RBL1 PE=1 SV=3 
18 Q08999 1124 LLRRLQDVANDR 43.805544941556484 sp|Q08999|RBL2_HUMAN 
sp|Q08999|RBL2_HUMAN Retinoblastoma-like protein 2 OS=Homo sapiens OX=9606 
GN=RBL2 PE=1 SV=3 
13 P06400 896 FQQKLAEMTSTR 35.52962189654331 sp|P06400|RB_HUMAN 
sp|P06400|RB_HUMAN Retinoblastoma-associated protein OS=Homo sapiens OX=9606 
GN=RB1 PE=1 SV=2 
43 Q7Z7A1 648 LLQRLTEVEQER 28.693922456679005 sp|Q7Z7A1|CNTRL_HUMAN 
sp|Q7Z7A1|CNTRL_HUMAN Centriolin OS=Homo sapiens OX=9606 GN=CNTRL PE=1 
SV=2 
16 Q9UPN9 379 LLQQLENVTKER 27.70494625110758 sp|Q9UPN9|TRI33_HUMAN 
sp|Q9UPN9|TRI33_HUMAN E3 ubiquitin-protein ligase TRIM33 OS=Homo sapiens 
OX=9606 GN=TRIM33 PE=1 SV=3 
7 O75334 58 AQQRLQDVIYDR 27.116092922007837 sp|O75334|LIPA2_HUMAN 
sp|O75334|LIPA2_HUMAN Liprin-alpha-2 OS=Homo sapiens OX=9606 GN=PPFIA2 PE=1 
SV=2 
23 Q86Y56 747 LLKRLDDVSNDV 26.597839210210978 sp|Q86Y56|DAAF5_HUMAN 
sp|Q86Y56|DAAF5_HUMAN Dynein assembly factor 5 
25 Q8NFH8 632 LQQQLKEVHQER 26.448905311700663 sp|Q8NFH8|REPS2_HUMAN 
sp|Q8NFH8|REPS2_HUMAN RalBP1-associated Eps domain-containing protein 2 
OS=Homo sapiens OX=9606 GN=REPS2 PE=1 SV=2 
53 Q8NCG7 643 LMRALDSVVSDR 26.26840173737424 sp|Q8NCG7|DGLB_HUMAN 
sp|Q8NCG7|DGLB_HUMAN Sn1-specific diacylglycerol lipase beta OS=Homo sapiens 
OX=9606 GN=DAGLB PE=1 SV=2 
26 P35228 841 LLQKLAQVATEE 26.14321930149618 sp|P35228|NOS2_HUMAN 
sp|P35228|NOS2_HUMAN Nitric oxide synthase 
54 Q96D71 768 LQQQLKDVLEER 25.48660753290001 sp|Q96D71|REPS1_HUMAN 
sp|Q96D71|REPS1_HUMAN RalBP1-associated Eps domain-containing protein 1 
OS=Homo sapiens OX=9606 GN=REPS1 PE=1 SV=3 
4 Q9NPI1 551 LLRELQEAQNER 25.326092748427058 sp|Q9NPI1|BRD7_HUMAN 
sp|Q9NPI1|BRD7_HUMAN Bromodomain-containing protein 7 OS=Homo sapiens 
OX=9606 GN=BRD7 PE=1 SV=1 
21 Q8IVT2 553 VLRREQEVAEER 25.258122722017767 sp|Q8IVT2|MISP_HUMAN 
sp|Q8IVT2|MISP_HUMAN Mitotic interactor and substrate of PLK1 OS=Homo sapiens 
OX=9606 GN=MISP PE=1 SV=1 
17 Q9ULJ3 617 FQRKLIDIVRER 24.429670410816875 sp|Q9ULJ3|ZBT21_HUMAN 
sp|Q9ULJ3|ZBT21_HUMAN Zinc finger and BTB domain-containing protein 21 
OS=Homo sapiens OX=9606 GN=ZBTB21 PE=1 SV=2 
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38 O75694 1096 VLSRLADMHSTE 23.941487796768342 sp|O75694|NU155_HUMAN 
sp|O75694|NU155_HUMAN Nuclear pore complex protein Nup155 OS=Homo sapiens 
OX=9606 GN=NUP155 PE=1 SV=1 
9 P0CG33 196 LQRRLQQTIKER 23.883398694913794 sp|P0CG33|GOG6D_HUMAN 
sp|P0CG33|GOG6D_HUMAN Golgin subfamily A member 6D OS=Homo sapiens 
OX=9606 GN=GOLGA6D PE=3 SV=1 
29 A6NDK9 196 LQRRLQQTIKER 23.883398694913794 sp|A6NDK9|GOG6C_HUMAN 
sp|A6NDK9|GOG6C_HUMAN Golgin subfamily A member 6C OS=Homo sapiens 
OX=9606 GN=GOLGA6C PE=3 SV=1 
6 Q9BV73 432 LRQRLQKLTGER 23.650755484203543 sp|Q9BV73|CP250_HUMAN 
sp|Q9BV73|CP250_HUMAN Centrosome-associated protein CEP250 OS=Homo sapiens 
OX=9606 GN=CEP250 PE=1 SV=2 
44 Q13439 823 LQQKLLDLETER 23.61837324144251 sp|Q13439|GOGA4_HUMAN 
sp|Q13439|GOGA4_HUMAN Golgin subfamily A member 4 OS=Homo sapiens OX=9606 
GN=GOLGA4 PE=1 SV=1 
64 Q5JRC9 259 LLRQLLKLDSER 23.517423480446148 sp|Q5JRC9|FA47A_HUMAN 
sp|Q5JRC9|FA47A_HUMAN Protein FAM47A OS=Homo sapiens OX=9606 GN=FAM47A 
PE=2 SV=3 
58 Q6B0B8 311 LLGKLAAIQSER 23.489265660143474 sp|Q6B0B8|TIGD3_HUMAN 
sp|Q6B0B8|TIGD3_HUMAN Tigger transposable element-derived protein 3 OS=Homo 
sapiens OX=9606 GN=TIGD3 PE=2 SV=1 
33 Q96MU7 662 FLRRTQAVVSGR 23.201806880857063 sp|Q96MU7|YTDC1_HUMAN 
sp|Q96MU7|YTDC1_HUMAN YTH domain-containing protein 1 OS=Homo sapiens 
OX=9606 GN=YTHDC1 PE=1 SV=3 
11 Q5BJF6 292 LLKRLAEADSEK 23.036960392646833 sp|Q5BJF6|ODFP2_HUMAN 
sp|Q5BJF6|ODFP2_HUMAN Outer dense fiber protein 2 OS=Homo sapiens OX=9606 
GN=ODF2 PE=1 SV=1 
65 Q9H972 88 LLKRLQEEVGDL 22.951947244828276 sp|Q9H972|CN093_HUMAN 
sp|Q9H972|CN093_HUMAN Uncharacterized protein C14orf93 OS=Homo sapiens 
OX=9606 GN=C14orf93 PE=1 SV=1 
67 Q9H579 457 LLRKLQKCHNEP 22.932869945590365 sp|Q9H579|MROH8_HUMAN 
sp|Q9H579|MROH8_HUMAN Protein MROH8 OS=Homo sapiens OX=9606 GN=MROH8 
PE=2 SV=2 
2 Q5M9N0 114 LQTKLQEMQMER 22.85923736144567 sp|Q5M9N0|CD158_HUMAN 
sp|Q5M9N0|CD158_HUMAN Coiled-coil domain-containing protein 158 OS=Homo 
sapiens OX=9606 GN=CCDC158 PE=2 SV=2 
36 Q9UI10 228 LLRALQQVIQDY 22.825163024729328 sp|Q9UI10|EI2BD_HUMAN 
sp|Q9UI10|EI2BD_HUMAN Translation initiation factor eIF-2B subunit delta OS=Homo 
sapiens OX=9606 GN=EIF2B4 PE=1 SV=2 
39 Q14789 1175 LQKKLQEALTSR 22.77018686415262 sp|Q14789|GOGB1_HUMAN 
sp|Q14789|GOGB1_HUMAN Golgin subfamily B member 1 OS=Homo sapiens OX=9606 
GN=GOLGB1 PE=1 SV=2 
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10 Q96IM9 13 LAQALAEVAKVR 22.754370270616494 sp|Q96IM9|DYDC2_HUMAN 
sp|Q96IM9|DYDC2_HUMAN DPY30 domain-containing protein 2 OS=Homo sapiens 
OX=9606 GN=DYDC2 PE=2 SV=1 
63 Q12866 572 LQNKLEDVVIDR 22.641185085422308 sp|Q12866|MERTK_HUMAN 
sp|Q12866|MERTK_HUMAN Tyrosine-protein kinase Mer OS=Homo sapiens OX=9606 
GN=MERTK PE=1 SV=2 
24 Q9UL16 160 KLSDLEEVAKER 22.63337846680411 sp|Q9UL16|CFA45_HUMAN 
sp|Q9UL16|CFA45_HUMAN Cilia- and flagella-associated protein 45 OS=Homo sapiens 
OX=9606 GN=CFAP45 PE=1 SV=2 
35 Q8TDZ2 1032 VLRKLVDLVNQR 22.43513176392442 sp|Q8TDZ2|MICA1_HUMAN 
sp|Q8TDZ2|MICA1_HUMAN [F-actin]-monooxygenase MICAL1 OS=Homo sapiens 
OX=9606 GN=MICAL1 PE=1 SV=2 
14 Q9H4A5 198 LVKKLQDSVLER 22.19365007955131 sp|Q9H4A5|GLP3L_HUMAN 
sp|Q9H4A5|GLP3L_HUMAN Golgi phosphoprotein 3-like OS=Homo sapiens OX=9606 
GN=GOLPH3L PE=1 SV=1 
32 O94906 144 LKRKLAEVTEEE 22.106750504209003 sp|O94906|PRP6_HUMAN 
sp|O94906|PRP6_HUMAN Pre-mRNA-processing factor 6 OS=Homo sapiens OX=9606 
GN=PRPF6 PE=1 SV=1 
57 Q6ZUT6 79 LLRRYQEIQEDR 22.012217045995598 sp|Q6ZUT6|CCD9B_HUMAN 
sp|Q6ZUT6|CCD9B_HUMAN Coiled-coil domain-containing protein 9B OS=Homo 
sapiens OX=9606 GN=CCDC9B PE=1 SV=1 
68 Q96LX7 165 LSRRLQVVACTR 21.99379183849269 sp|Q96LX7|CCD17_HUMAN 
sp|Q96LX7|CCD17_HUMAN Coiled-coil domain-containing protein 17 OS=Homo 
sapiens OX=9606 GN=CCDC17 PE=1 SV=2 
47 Q9H1H9 412 KLRKTEEIAQER 21.866055887424764 sp|Q9H1H9|KI13A_HUMAN 
sp|Q9H1H9|KI13A_HUMAN Kinesin-like protein KIF13A OS=Homo sapiens OX=9606 
GN=KIF13A PE=1 SV=2 
15 Q9NQT8 413 KLRKTEEIAQER 21.866055887424764 sp|Q9NQT8|KI13B_HUMAN 
sp|Q9NQT8|KI13B_HUMAN Kinesin-like protein KIF13B OS=Homo sapiens OX=9606 
GN=KIF13B PE=1 SV=2 
12 Q9P2E9 879 LQKRLDEVSREL 21.806875397509977 sp|Q9P2E9|RRBP1_HUMAN 
sp|Q9P2E9|RRBP1_HUMAN Ribosome-binding protein 1 OS=Homo sapiens OX=9606 
GN=RRBP1 PE=1 SV=5 
27 Q9Y6N6 1356 ALQRKADSVSDR 21.776599595043443 sp|Q9Y6N6|LAMC3_HUMAN 
sp|Q9Y6N6|LAMC3_HUMAN Laminin subunit gamma-3 OS=Homo sapiens OX=9606 
GN=LAMC3 PE=1 SV=3 
40 O75037 820 ALRRLAKPMSER 21.743144386590032 sp|O75037|KI21B_HUMAN 
sp|O75037|KI21B_HUMAN Kinesin-like protein KIF21B OS=Homo sapiens OX=9606 
GN=KIF21B PE=1 SV=2 
5 P21731 314 VLRRLQPRLSTR 21.492977934589 sp|P21731|TA2R_HUMAN 
sp|P21731|TA2R_HUMAN Thromboxane A2 receptor OS=Homo sapiens OX=9606 
GN=TBXA2R PE=1 SV=3 
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51 P49748 563 LLQRLADGAIDL 21.401282858047367 sp|P49748|ACADV_HUMAN 
sp|P49748|ACADV_HUMAN Very long-chain specific acyl-CoA dehydrogenase 
59 O15357 281 ALKALQDMSSTA 21.368886873605895 sp|O15357|SHIP2_HUMAN 
sp|O15357|SHIP2_HUMAN Phosphatidylinositol 3 
55 Q08378 669 LQRRLEEFEGER 21.295859461212395 sp|Q08378|GOGA3_HUMAN 
sp|Q08378|GOGA3_HUMAN Golgin subfamily A member 3 OS=Homo sapiens OX=9606 
GN=GOLGA3 PE=1 SV=2 
56 P30566 137 VISRLADFAKER 21.045251218047987 sp|P30566|PUR8_HUMAN 
sp|P30566|PUR8_HUMAN Adenylosuccinate lyase OS=Homo sapiens OX=9606 
GN=ADSL PE=1 SV=2 
34 Q8N3V7 253 LLRHLEKVASEE 21.00368021624213 sp|Q8N3V7|SYNPO_HUMAN 
sp|Q8N3V7|SYNPO_HUMAN Synaptopodin OS=Homo sapiens OX=9606 GN=SYNPO 
PE=1 SV=2 
37 Q9GZN7 29 VLKQLQDILKEA 20.962840635669068 sp|Q9GZN7|ROGDI_HUMAN 
sp|Q9GZN7|ROGDI_HUMAN Protein rogdi homolog OS=Homo sapiens OX=9606 
GN=ROGDI PE=1 SV=1 
28 O75116 896 LQQKKQELQDER 20.96084429539088 sp|O75116|ROCK2_HUMAN 
sp|O75116|ROCK2_HUMAN Rho-associated protein kinase 2 OS=Homo sapiens 
OX=9606 GN=ROCK2 PE=1 SV=4 
66 O75147 1450 FLRRLQDVRAEE 20.91352691259663 sp|O75147|OBSL1_HUMAN 
sp|O75147|OBSL1_HUMAN Obscurin-like protein 1 OS=Homo sapiens OX=9606 
GN=OBSL1 PE=1 SV=4 
19 Q5U649 186 TLKKLQDVLKTE 20.82389320524215 sp|Q5U649|CL060_HUMAN 
sp|Q5U649|CL060_HUMAN Uncharacterized protein C12orf60 OS=Homo sapiens 
OX=9606 GN=C12orf60 PE=2 SV=2 
42 Q9UBM7 10 KAKSLDGVTNDR 20.818823985399618 sp|Q9UBM7|DHCR7_HUMAN 
sp|Q9UBM7|DHCR7_HUMAN 7-dehydrocholesterol reductase OS=Homo sapiens 
OX=9606 GN=DHCR7 PE=1 SV=1 
41 Q6ZRQ5 322 LLKTLLEKSSDR 20.738422220843336 sp|Q6ZRQ5|MMS22_HUMAN 
sp|Q6ZRQ5|MMS22_HUMAN Protein MMS22-like OS=Homo sapiens OX=9606 
GN=MMS22L PE=1 SV=3 
60 O60303 433 LLKVLQAVESDS 20.713666221930843 sp|O60303|K0556_HUMAN 
sp|O60303|K0556_HUMAN Protein KIAA0556 OS=Homo sapiens OX=9606 
GN=KIAA0556 PE=1 SV=4 
3 Q12931 409 LIRKLRDVLQQR 20.669523788686092 sp|Q12931|TRAP1_HUMAN 
sp|Q12931|TRAP1_HUMAN Heat shock protein 75 kDa 
0 Q5H9L4 267 LLRSDAEAVSTR 20.650989888097964 sp|Q5H9L4|TAF7L_HUMAN 
sp|Q5H9L4|TAF7L_HUMAN Transcription initiation factor TFIID subunit 7-like 
OS=Homo sapiens OX=9606 GN=TAF7L PE=2 SV=1 
22 Q8N9H8 24 LLQALQTLWSTR 20.627939861013814 sp|Q8N9H8|MUT7_HUMAN 
sp|Q8N9H8|MUT7_HUMAN Exonuclease mut-7 homolog OS=Homo sapiens OX=9606 
GN=EXD3 PE=2 SV=3 
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1 Q8WYB5 348 LKQRLLSVTSDE 20.619335707511183 sp|Q8WYB5|KAT6B_HUMAN 
sp|Q8WYB5|KAT6B_HUMAN Histone acetyltransferase KAT6B OS=Homo sapiens 
OX=9606 GN=KAT6B PE=1 SV=3 
52 Q93074 1615 LAKKLQKELGER 20.54317250507993 sp|Q93074|MED12_HUMAN 
sp|Q93074|MED12_HUMAN Mediator of RNA polymerase II transcription subunit 12 
OS=Homo sapiens OX=9606 GN=MED12 PE=1 SV=4 
30 Q17RC7 319 VAQRLQELARDA 20.522695928219775 sp|Q17RC7|EX3L4_HUMAN 
sp|Q17RC7|EX3L4_HUMAN Exocyst complex component 3-like protein 4 OS=Homo 
sapiens OX=9606 GN=EXOC3L4 PE=1 SV=2 
62 Q92858 157 KQRRLAANARER 20.491959988523952 sp|Q92858|ATOH1_HUMAN 
sp|Q92858|ATOH1_HUMAN Protein atonal homolog 1 OS=Homo sapiens OX=9606 
GN=ATOH1 PE=2 SV=1 
8 Q15643 1086 LQQQLQAYAMER 20.323953992878284 sp|Q15643|TRIPB_HUMAN 
sp|Q15643|TRIPB_HUMAN Thyroid receptor-interacting protein 11 OS=Homo sapiens 
OX=9606 GN=TRIP11 PE=1 SV=3 
50 Q9Y5L3 99 LEQALQDVPKER 20.246482276192868 sp|Q9Y5L3|ENTP2_HUMAN 
sp|Q9Y5L3|ENTP2_HUMAN Ectonucleoside triphosphate diphosphohydrolase 2 
OS=Homo sapiens OX=9606 GN=ENTPD2 PE=1 SV=1 
49 Q96M63 345 LQQRMDKVHSEA 20.224915085411943 sp|Q96M63|CC114_HUMAN 
sp|Q96M63|CC114_HUMAN Coiled-coil domain-containing protein 114 OS=Homo 
sapiens OX=9606 GN=CCDC114 PE=1 SV=3 
20 Q8WXJ9 113 LLKKTKDYVQDR 20.216566039939362 sp|Q8WXJ9|ASB17_HUMAN 
sp|Q8WXJ9|ASB17_HUMAN Ankyrin repeat and SOCS box protein 17 OS=Homo sapiens 
OX=9606 GN=ASB17 PE=2 SV=2 
31 O75382 211 LQQRKQALVSDL 20.17742024743349 sp|O75382|TRIM3_HUMAN 
sp|O75382|TRIM3_HUMAN Tripartite motif-containing protein 3 OS=Homo sapiens 
OX=9606 GN=TRIM3 PE=1 SV=2 
45 Q9UIG0 553 LKKKLKEKAKER 20.174415435619792 sp|Q9UIG0|BAZ1B_HUMAN 
sp|Q9UIG0|BAZ1B_HUMAN Tyrosine-protein kinase BAZ1B OS=Homo sapiens OX=9606 
GN=BAZ1B PE=1 SV=2 
46 Q8WZ42 13124 LLRPLKDVTVTA 20.09737995027358 sp|Q8WZ42|TITIN_HUMAN 
sp|Q8WZ42|TITIN_HUMAN Titin OS=Homo sapiens OX=9606 GN=TTN PE=1 SV=4 
48 Q86UR5 973 LQRSLDEIHPTR 20.018739723796738 sp|Q86UR5|RIMS1_HUMAN 
sp|Q86UR5|RIMS1_HUMAN Regulating synaptic membrane exocytosis protein 1 
OS=Homo sapiens OX=9606 GN=RIMS1 PE=1 SV=1 

Table S2. Results of Rb Helix motif search. Gene name and helix sequence are listed in each 

row. 
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Kinase Fusions for 
yeast expression 

Plasmid 
Name 

Plasmid/Protein details Used in Figure 

Cyclin D1-Cdk4 pBTB_003-1 pRS425-pGAL1-3XFLAG-CCND1-Linker-CDK4 1 and Fig. S1-2, 
4 

Cyclin D1-Cdk6 pBTB_004-1 pRS425-pGAL1-3XFLAG-CCND1-Linker-CDK6 1 and Fig. S1,-2 
Cyclin E1-Cdk2 pBTB_005-1 pRS425-pGAL1-3XFLAG-CCNE1-Linker-CDK2 1 and Fig. S1-2, 

4 
Cyclin A2-Cdk2 pBTB_001-1 pRS425-pGAL1-3XFLAG-CCNA2-Linker-CDK2 1 and Fig. S1 
Cyclin B1-Cdk1 pBTB_002-1 pRS425-pGAL1-3XFLAG-CCNB1-Linker-CDK1 1 and Fig. S1 
Cyclin D1HPmut.-Cdk6 pBTB_011 pRS425-pGAL1-3XFLAG-CCND1-M56A-

V60A-W63A-Linker-CDK6 
1 and Fig. S2 

Cyclin D1-Cdk4-T172A pBTB_018 pRS425-pGAL1-3XFLAG-CCND1-Linker-
CDK4-T172A 

Fig. S1 

Cyclin D1-Cdk6-T177A pBTB_019 pRS425-insul-(lexA-box)4-PminCYC1-
3XFLAG-CCND1-Linker-CDK6-T177A 

Fig. S1 

Cyclin D1LxCxEmut.-Cdk4 pBTB_013 pRS425-pGAL1-3XFLAG-CCND1-L5A-C7A-
E9A-Linker-CDK4 

Fig. S2 

Cyclin D1LxCxEmut.-Cdk6 pBTB_015 pRS425-insul-(lexA-box)4-PminCYC1-
3XFLAG-CCND1-L5A-C7A-E9A-Linker-CDK6 

Fig. S2 

Cyclin D2-Cdk4 pBTB_007-3 pRS425-insul-(lexA-box)4-PminCYC1-
3XFLAG-CCND2-Linker-CDK4 

Fig. S2 

Cyclin D3-Cdk4 pBTB_009 pRS425-insul-(lexA-box)4-PminCYC1-
3XFLAG-CCND3-Linker-CDK4 

Fig. S2 

Cyclin D2-Cdk6 pBTB_008 pRS425-insul-(lexA-box)4-PminCYC1-
3XFLAG-CCND2-Linker-CDK6 

Fig. S2 

Cyclin D3-Cdk6 pBTB_010-A pRS425-insul-(lexA-box)4-PminCYC1-
3XFLAG-CCND3-Linker-CDK6 

Fig. S1-2 

Cyclin D1-Cdk2 pBTB_024 pRS425-pGAL1-3XFLAG-CCND1-Linker-CDK2 Fig. S6 
    
Rb Family Proteins for 
bacteria or mammalian 
expression 

Plasmid 
Name 

Plasmid/Protein details Used in Figure 

RbWT pBTE_001-4 pGEX-4T-1-GST-RB1 1-3 and Fig. S1-
2, 7 pBTF_006 TRE3G-CLOVER-3XFLAG-RB1 

RbRxL mut. pBTE_023 pGEX-4T-1-GST-RB1-R830A-L832A-R858A-
L860A-K871A-L873A-K874A-L876A-K890A-
L892A 

1 and Fig. S2 

RbLxCxE cleft mut.  pBTE_006 pGEX-4T-1-GST-RB1-N757F 1,3 and Fig. S2, 
7 pBTF_013 TRE3G-CLOVER-3XFLAG-RB1-N757F 

Rb∆C-term pBTE_020 pGEX-4T-1-GST-RB1∆893-928 1 and Fig. S2 
Rb∆Cdk pBTD_017 pGEX-4T-1-GST-RB1-T5A-S230A-S249A-

T252A-T356A-T373A-S608A-S612A-S780A-
S788A-S795A-S807A-S811A-T821A-T826A 

1,3 and Fig. S2, 
7 

pBTF_028-1 TRE3G-CLOVER-3XFLAG-RB1-T5A-S230A-
S249A-T252A-T356A-T373A-S608A-S612A-
S780A-S788A-S795A-S807A-S811A-T821A-
T826A 

Rb∆Helix pBTE_034-1 pGEX-4T-1-GST-RB1∆896-916 1 and Fig. S2 
RbQ899P pBTE_043-1 pGEX-4T-1-GST-RB1-Q899P 1 and Fig. S2 
RbA902P pBTE_044-1 pGEX-4T-1-GST-RB1-A902P 1 and Fig. S2 
RbHelix mut. pBTE_030 pGEX-4T-1-GST-RB1-F897A-L901A-R908A 
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pBTF_019-1 TRE3G-CLOVER-3XFLAG-RB1-F897A-L901A-
R908A 

1,3 and Fig. S2, 
7 

RbR908A pBTE_027 pGEX-4T-1-GST-RB1-R908A 1 and Fig. S2 
RbL901A pBTE_026-A pGEX-4T-1-GST-RB1-L901A 1 and Fig. S2 
RbF897A pBTE_025-A pGEX-4T-1-GST-RB1-F897A 1 and Fig. S2 
RbR910A pBTE_029 pGEX-4T-1-GST-RB1-R910A 1 and Fig. S2 
RbPan et al. 2001 pBTE_021 pGEX-4T-1-GST-RB1-L901Q Fig. S2 
RbW&B 2004 pBTE_022-1 pGEX-4T-1-GST-RB1-F897A-Q899A-M904A-

R908A-R910A 
Fig. S2 

Rb4xPro. pBTE_045 pGEX-4T-1-GST-RB1-K896P-Q898P-Q899P-
A902P 

Fig. S2 

RbRxL mut. + ∆Helix pBTE_035 pGEX-4T-1-GST-RB1-R830A-L832A-R858A-
L860A-K871A-L873A-K874A-L876A-K890A-
L892A∆896-916 

Fig. S2 

RbLxCxE cleft mut. + ∆Helix  pBTE_037 pGEX-4T-1-GST-RB1-N757F∆896-916 Fig. S2 
    
RbLxCxE cleft mut. + Helix mut. pBTE_038 TRE3G-CLOVER-3XFLAG-RB1-N757F-F897A-

L901A-R908A 
3 and Fig. S7 

p107WT pBTE_048 pGEX-4T-1-GST-RBL1 (isoform a) 2 and Fig. S4 
p107∆C-term pBTE_002-A pGEX-4T-1-GST-RBL1 (isoform b) 2 and Fig. S4 
p107Helix mut. or  
p107 Helix mut. #1 

pBTE_051 pGEX-4T-1-GST-RBL1 (isoform a)-L1054A-
L1058A-R1065A 

2 and Fig. S4 

p107 Helix mut. #2 pBTE_050 pGEX-4T-1-GST-RBL1 (isoform a)-L1054A-
R1065A 

Fig. S4 

p130WT pBTE_003-A pGEX-4T-1-GST-RBL2 2 and Fig. S4 
p130∆C-term pBTE_041 pGEX-4T-1-GST-RBL2∆1123-1139 2 and Fig. S4 
p130Helix mut. or p130 Helix 

mut. #1 
pBTE_055-1 pGEX-4T-1-GST-RBL2-L1125A-L1129A-

R1136A 
2 and Fig. S4 

p130 Helix mut. #2 pBTE_054-1 pGEX-4T-1-GST-RBL2-L1125A-R1136A Fig. S4 
Mouse RbWT pBTE_004 pGEX-4T-1-GST-Rb1 4 and Fig. S4, 7-

8 pBTF_025 TRE3G-CLOVER-3XFLAG-Rb1 
Mouse RbHelix mut. pBTE_040 pGEX-4T-1-GST-Rb1-F890A-L894A-R901A 4 and Fig. S4, 7-

8 pBTF_026 TRE3G-CLOVER-3XFLAG-Rb1-F890A-L894A-
R901A 

Mouse Rb∆Cdk pBTD_047 pGEX-4T-1-GST-Rb1-S224A-S243A-T246A-
T350A-T364A-T367A-S601A-S605A-S773A-
S781A-S788A-S800A-S802A-T814A-T819A 

4 and Fig. S4, 7-
8 

pBTF_062-1 TRE3G-CLOVER-3XFLAG-Rb1-S224A-S243A-
T246A-T350A-T364A-T367A-S601A-S605A-
S773A-S781A-S788A-S800A-S802A-T814A-
T819A 

Mouse RbLxCxE cleft mut. pBTE_057-1 pGEX-4T-1-GST-Rb1-N750F Fig. S4, 7-8 
pBTF_060-1 TRE3G-CLOVER-3XFLAG-Rb1-N750F 

Mouse RbLxCxE cleft mut. + 

Helix mut. 
pBTE_058-1 pGEX-4T-1-GST-Rb1-N750F-F890A-L894A-

R901A 
Fig. S4, 7-8 

pBTF_061-6 TRE3G-CLOVER-3XFLAG-Rb1-N750F-F890A-
L894A-R901A 

    
GST-Cdk 
phosphorylation site 
fusion proteins for 
bacteria expression 

Plasmid 
Name 

Plasmid/Protein details Used in Figure 
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GST-PKTPKKAKKL(H1 
site) 

pBTC_054 pGEX-4T-1-GST-TEV-
MSPILGYWKIKGLVQPTRLLLEYLEEKYEEHLYER
DEGDKWRNKKFELGLEFPNLPYYIDGDVKLTQS
MAIIRYIADKHNMLGGCPKERAEISMLEGAVLDI
RYGVSRIAYSKDFETLKVDFLSKLPEMLKMFEDR
LCHKTYLNGDHVTHPDFMLYDALDVVLYMDP
MCLDAFPKLVCFKKRIEAIPQIDKYLKSSKYIAWP
LQGWQATFGGGDHPPKSDENLYFQGGSPKTP
KKAKKL 

Fig. S1,5-6 

GST-PKTPKKAKKL(H1 
site)+RxL docking 
 

pBTC_055 pGEX-4T-1-GST-TEV-
MSPILGYWKIKGLVQPTRLLLEYLEEKYEEHLYER
DEGDKWRNKKFELGLEFPNLPYYIDGDVKLTQS
MAIIRYIADKHNMLGGCPKERAEISMLEGAVLDI
RYGVSRIAYSKDFETLKVDFLSKLPEMLKMFEDR
LCHKTYLNGDHVTHPDFMLYDALDVVLYMDP
MCLDAFPKLVCFKKRIEAIPQIDKYLKSSKYIAWP
LQGWQATFGGGDHPPKSDENLYFQGGSPKTP
KKAKKLGGGGSHTLKGRRLVFDNQLT 

Fig. S5-6 

GST-PKTPKKAKKL(H1 
site)+Helix docking 
 

pBTC_056 pGEX-4T-1-GST-TEV-
MSPILGYWKIKGLVQPTRLLLEYLEEKYEEHLYER
DEGDKWRNKKFELGLEFPNLPYYIDGDVKLTQS
MAIIRYIADKHNMLGGCPKERAEISMLEGAVLDI
RYGVSRIAYSKDFETLKVDFLSKLPEMLKMFEDR
LCHKTYLNGDHVTHPDFMLYDALDVVLYMDP
MCLDAFPKLVCFKKRIEAIPQIDKYLKSSKYIAWP
LQGWQATFGGGDHPPKSDENLYFQGGSPKTP
KKAKKLGGGGSSKFQQKLAEMTSTRTRMQKQK 

Fig. S5-6 

GST-PKTPKKAKKL(H1 
site)+Helix mut. 
docking 
 

pBTC_057 pGEX-4T-1-GST-TEV-
MSPILGYWKIKGLVQPTRLLLEYLEEKYEEHLYER
DEGDKWRNKKFELGLEFPNLPYYIDGDVKLTQS
MAIIRYIADKHNMLGGCPKERAEISMLEGAVLDI
RYGVSRIAYSKDFETLKVDFLSKLPEMLKMFEDR
LCHKTYLNGDHVTHPDFMLYDALDVVLYMDP
MCLDAFPKLVCFKKRIEAIPQIDKYLKSSKYIAWP
LQGWQATFGGGDHPPKSDENLYFQGGSPKTP
KKAKKLGGGGSSKAQQKAAEMTSTATRMQKQ
K 

Fig. S5-6 

GST-Rb775-787(S780) pBTC_042-1 pGEX-4T-1-GST-TEV-
MSPILGYWKIKGLVQPTRLLLEYLEEKYEEHLYER
DEGDKWRNKKFELGLEFPNLPYYIDGDVKLTQS
MAIIRYIADKHNMLGGCPKERAEISMLEGAVLDI
RYGVSRIAYSKDFETLKVDFLSKLPEMLKMFEDR
LCHKTYLNGDHVTHPDFMLYDALDVVLYMDP
MCLDAFPKLVCFKKRIEAIPQIDKYLKSSKYIAWP
LQGWQATFGGGDHPPKSDENLYFQGRPPTLSP
IPHIPR 

1 and Fig. S5-6 

GST-Rb775-
787(S780)+Helix 
docking 

pBTC_059 pGEX-4T-1-GST-TEV-
MSPILGYWKIKGLVQPTRLLLEYLEEKYEEHLYER
DEGDKWRNKKFELGLEFPNLPYYIDGDVKLTQS
MAIIRYIADKHNMLGGCPKERAEISMLEGAVLDI
RYGVSRIAYSKDFETLKVDFLSKLPEMLKMFEDR
LCHKTYLNGDHVTHPDFMLYDALDVVLYMDP
MCLDAFPKLVCFKKRIEAIPQIDKYLKSSKYIAWP

1 and Fig. S5-6 
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LQGWQATFGGGDHPPKSDENLYFQGGSRPPTL
SPIPHIPRGGGGSSKFQQKLAEMTSTRTRMQKQ
K 

GST-Rb775-
787(S780)+Helix mut. 
docking 

pBTC_060 pGEX-4T-1-GST-TEV-
MSPILGYWKIKGLVQPTRLLLEYLEEKYEEHLYER
DEGDKWRNKKFELGLEFPNLPYYIDGDVKLTQS
MAIIRYIADKHNMLGGCPKERAEISMLEGAVLDI
RYGVSRIAYSKDFETLKVDFLSKLPEMLKMFEDR
LCHKTYLNGDHVTHPDFMLYDALDVVLYMDP
MCLDAFPKLVCFKKRIEAIPQIDKYLKSSKYIAWP
LQGWQATFGGGDHPPKSDENLYFQGGSRPPTL
SPIPHIPRGGGGSSKAQQKAAEMTSTATRMQK
QK 

1 and Fig. S5-6 

GST-Rb775-
787(S780)+RxL 
docking 

pBTC_058 pGEX-4T-1-GST-TEV-
MSPILGYWKIKGLVQPTRLLLEYLEEKYEEHLYER
DEGDKWRNKKFELGLEFPNLPYYIDGDVKLTQS
MAIIRYIADKHNMLGGCPKERAEISMLEGAVLDI
RYGVSRIAYSKDFETLKVDFLSKLPEMLKMFEDR
LCHKTYLNGDHVTHPDFMLYDALDVVLYMDP
MCLDAFPKLVCFKKRIEAIPQIDKYLKSSKYIAWP
LQGWQATFGGGDHPPKSDENLYFQGGSRPPTL
SPIPHIPRGGGGSHTLKGRRLVFDNQLT 

1 and Fig. S5-6 

GST-Rb775-787(S780)-
no linker+RxL docking 
 

pBTC_064 pGEX-4T-1-GST-TEV-
MSPILGYWKIKGLVQPTRLLLEYLEEKYEEHLYER
DEGDKWRNKKFELGLEFPNLPYYIDGDVKLTQS
MAIIRYIADKHNMLGGCPKERAEISMLEGAVLDI
RYGVSRIAYSKDFETLKVDFLSKLPEMLKMFEDR
LCHKTYLNGDHVTHPDFMLYDALDVVLYMDP
MCLDAFPKLVCFKKRIEAIPQIDKYLKSSKYIAWP
LQGWQATFGGGDHPPKSDENLYFQGGSRPPTL
SPIPHIPRHTLKGRRLVFDNQLT 

Fig. S5-6 

GST-Rb775-787(S780)-
2xlinker+Helix docking 
 

pBTC_065 pGEX-4T-1-GST-TEV-
MSPILGYWKIKGLVQPTRLLLEYLEEKYEEHLYER
DEGDKWRNKKFELGLEFPNLPYYIDGDVKLTQS
MAIIRYIADKHNMLGGCPKERAEISMLEGAVLDI
RYGVSRIAYSKDFETLKVDFLSKLPEMLKMFEDR
LCHKTYLNGDHVTHPDFMLYDALDVVLYMDP
MCLDAFPKLVCFKKRIEAIPQIDKYLKSSKYIAWP
LQGWQATFGGGDHPPKSDENLYFQGGSRPPTL
SPIPHIPRGGGGSGGGGSSKFQQKLAEMTSTRT
RMQKQK 

Fig. S5-6 

GST-Rb775-787(S780)-
3xlinker+Helix docking 
 

pBTC_066 pGEX-4T-1-GST-TEV-
MSPILGYWKIKGLVQPTRLLLEYLEEKYEEHLYER
DEGDKWRNKKFELGLEFPNLPYYIDGDVKLTQS
MAIIRYIADKHNMLGGCPKERAEISMLEGAVLDI
RYGVSRIAYSKDFETLKVDFLSKLPEMLKMFEDR
LCHKTYLNGDHVTHPDFMLYDALDVVLYMDP
MCLDAFPKLVCFKKRIEAIPQIDKYLKSSKYIAWP
LQGWQATFGGGDHPPKSDENLYFQGGSRPPTL
SPIPHIPRGGGGSGGGGSGGGGSSKFQQKLAE
MTSTRTRMQKQK 

Fig. S5-6 



 

13 
 

GST-Rb775-787(S780)-
3xlinker+reversed 
Helix docking 
 

pBTC_067 pGEX-4T-1-GST-TEV-
MSPILGYWKIKGLVQPTRLLLEYLEEKYEEHLYER
DEGDKWRNKKFELGLEFPNLPYYIDGDVKLTQS
MAIIRYIADKHNMLGGCPKERAEISMLEGAVLDI
RYGVSRIAYSKDFETLKVDFLSKLPEMLKMFEDR
LCHKTYLNGDHVTHPDFMLYDALDVVLYMDP
MCLDAFPKLVCFKKRIEAIPQIDKYLKSSKYIAWP
LQGWQATFGGGDHPPKSDENLYFQGGSRPPTL
SPIPHIPRGGGGSGGGGSGGGGSKQKQMRTRT
STMEALKQQFKS 

Fig. S5-6 

GST-Rb790-805(S795) 
 

pBTC_044-3 pGEX-4T-1-GST-TEV-
MSPILGYWKIKGLVQPTRLLLEYLEEKYEEHLYER
DEGDKWRNKKFELGLEFPNLPYYIDGDVKLTQS
MAIIRYIADKHNMLGGCPKERAEISMLEGAVLDI
RYGVSRIAYSKDFETLKVDFLSKLPEMLKMFEDR
LCHKTYLNGDHVTHPDFMLYDALDVVLYMDP
MCLDAFPKLVCFKKRIEAIPQIDKYLKSSKYIAWP
LQGWQATFGGGDHPPKSDENLYFQGGSYKFPS
SPLRIPGGNIY 

Fig. S5-6 

GST-Rb790-
805(S795)+RxL 
docking 
 

pBTC_061 pGEX-4T-1-GST-TEV-
MSPILGYWKIKGLVQPTRLLLEYLEEKYEEHLYER
DEGDKWRNKKFELGLEFPNLPYYIDGDVKLTQS
MAIIRYIADKHNMLGGCPKERAEISMLEGAVLDI
RYGVSRIAYSKDFETLKVDFLSKLPEMLKMFEDR
LCHKTYLNGDHVTHPDFMLYDALDVVLYMDP
MCLDAFPKLVCFKKRIEAIPQIDKYLKSSKYIAWP
LQGWQATFGGGDHPPKSDENLYFQGGSGSYK
FPSSPLRIPGGNIYGGGGSHTLKGRRLVFDNQLT 

Fig. S5-6 

GST-Rb790-
805(S795)+Helix 
docking 
 

pBTC_062 pGEX-4T-1-GST-TEV-
MSPILGYWKIKGLVQPTRLLLEYLEEKYEEHLYER
DEGDKWRNKKFELGLEFPNLPYYIDGDVKLTQS
MAIIRYIADKHNMLGGCPKERAEISMLEGAVLDI
RYGVSRIAYSKDFETLKVDFLSKLPEMLKMFEDR
LCHKTYLNGDHVTHPDFMLYDALDVVLYMDP
MCLDAFPKLVCFKKRIEAIPQIDKYLKSSKYIAWP
LQGWQATFGGGDHPPKSDENLYFQGGSGSYK
FPSSPLRIPGGNIYGGGGSSKFQQKLAEMTSTRT
RMQKQK 

Fig. S5-6 

GST-Rb790-
805(S795)+Helix mut. 
docking 
 

pBTC_063 pGEX-4T-1-GST-TEV-
MSPILGYWKIKGLVQPTRLLLEYLEEKYEEHLYER
DEGDKWRNKKFELGLEFPNLPYYIDGDVKLTQS
MAIIRYIADKHNMLGGCPKERAEISMLEGAVLDI
RYGVSRIAYSKDFETLKVDFLSKLPEMLKMFEDR
LCHKTYLNGDHVTHPDFMLYDALDVVLYMDP
MCLDAFPKLVCFKKRIEAIPQIDKYLKSSKYIAWP
LQGWQATFGGGDHPPKSDENLYFQGGSGSYK
FPSSPLRIPGGNIYGGGGSSKAQQKAAEMTSTA
TRMQKQK 

Fig. S5-6 

    
Miscellaneous Plasmid 

Name 
Plasmid/Protein details Used in Figure 

Rb 890-920 pBTC_050-1 pGEX-4T-1-GST-TEV-GS-
HLPGESKFQQKLAEMTSTRTRMQKQKMNDSM 

Fig. S3 
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After TEV protease cleavage: 
GSHLPGESKFQQKLAEMTSTRTRMQKQKMNDS
M 

Rb 890-920 Helix mut. pBTC_051-1 pGEX-4T-1-GST-TEV-GS- 
HLPGESKAQQKAAEMTSTATRMQKQKMNDSM 
After TEV protease cleavage: 
GSHLPGESKAQQKAAEMTSTATRMQKQKMND
SM 

Fig. S3 

empty pBTF_005 TRE3G-CLOVER-3XFLAG 3,4 and Fig. 
S7,8 

Histone H1 n/a Purchased from EMD Millipore (14-155) 1 and Fig. S1 

Table S3. Plasmids and proteins used in this study. 
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Yeast Strains Description Reference 
yBT000 W303 MATa bar1::HISG cdc28::cdc28-as1 

sic1∆::URA3 
Kõivomägi, M. et al. Dynamics of Cdk1 
Substrate Specificity during the Cell Cycle. 
Molecular Cell 42, 610–623 (2011). 

yBT004 W303 MATa bar1::HISG cdc28::cdc28-as1 
sic1∆::URA3 LexA-ER-haB112::HIS3 

Kõivomägi, M. et al. Dynamics of Cdk1 
Substrate Specificity during the Cell Cycle. 
Molecular Cell 42, 610–623 (2011). 

Cell lines Description Reference 
HMEC-hTERT1 Human Mammary Epithelial cells 

immortalized with hTERT1 
Sack, L. M. et al. Profound Tissue Specificity 
in Proliferation Control Underlies Cancer 
Drivers and Aneuploidy Patterns. Cell 
(2018). doi:10.1016/j.cell.2018.02.037 

T98G  Schwarz, C. et al. A Precise Cdk Activity 
Threshold Determines Passage through 
the Restriction Point. Molecular Cell 69, 
253–264.e5 (2018). 

CKP-2167 Kras+/ G12D;Trp53-/- Mazur, P. K. et al. Combined inhibition of 
BET family proteins and histone 
deacetylases as a potential epigenetics-
based therapy for pancreatic ductal 
adenocarcinoma. Nature Medicine 21, 
1163–1171 (2015). 

Table S4. Yeast strains and mammalian cell lines used in this study. 


