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Figure S1. Non-design components and count distribution of the libraries. (a) Coverage of 
the HD2 P8 library as a function of sequencing depth, fitting of data to a double hyperbolic model 
(in blue) and residuals are shown. The contribution of reads of all sub-libraries were considered 
for calculating the coverage of the HD2 P8 library, as it is the result of the balanced combination 
of all compartment-specific sub-libraries. (b) Percentages of reads obtained by NGS of the 
libraries generated in this work associated with sequences that matched the designed 
sequences, those that presented mutations either silent or non-silent, and those that due to 
frame-shifting, insertion or deletion mutations did not match the expected oligonucleotide length. 
(c) Distribution of NGS counts for the designed oligonucleotides in the HD2 P8 and HD2 P3 
libraries.  



ANKRA2 Ank (4LG6)
PxLPx[IL]x{1,3}[VLF]

AP2B1 adaptin (2IV8)
[DE]x{1,2}Fxx[FL]xxxR

CEP55 EABR (3E1R)
AxGPPx{2,3}Y

CLTC CLTC propeller (6QNN)
L[IVLMF]x[IVLMF][DE]

CRK SH3 (5UL6)
PxxPx[KR]

EIF4E eIF4E (3U7X)
YxxxxL[VILMF]

EPS15 EH (1F8H)
NPF

KEAP1 KELCH (2FLU)
[DNS]x[DES][TNS]GE

KPNA4 ARM (4UAE)
Polybasic

KPNB1 HEAT (1O6P)
FxFG

MAD2L1 HORMA (1KLQ)
[KR][IV][LV]xxxxxP

MAP1LC3A ATG8 (5CX3)
[EDST]x{0,2}[WFY]xx[ILV]

MDM2 SWIB (1YCR)
FxxxWxxx[VIL]

OXSR1 (2V3S)
RFx[IV]

PABPC1 PABP (1JH4)
[LFP][NS][PIVTAFL]xAxx[FY]x[PYLF]

PDCD6IP Alix V-domain (2R05)
[LM]YPx[LI]

PEX14 Pex14 (2W84)
Fxxx[WF]

PTK2 Focal-AT (1OW6)
[LV][DE]x[LM][LM]xxL

SPSB1 SPRY
[ED][LIV]NNN

SUMO1 SUMO (2ASQ)
[VILPTM][VIL][DESTVILMA][VIL]

TNKS TANK-peptide-bind (5JHQ
Rxx[PGAV][DEIP]G

TLN1 PTB (1MK7)
NPx[FY]

CALM1 EF-hand (6CTB)
[ACLIVTM]xx[ILVMFCT]Qxxx[RK]

SIN3A PAH (1G1E)
[LIV]xx[LM]LxAAx[FY][LI]

  
  

Figure S2. Representative structures of the bait proteins domains (blue) with bound ligands 
(yellow) and indicated binding motifs. PDB codes are indicated in the figure. 



Figure S3. Distribution of NGS reads for binding enriched phage pools. Distribution of the 
NGS reads that matched the peptides encoded by the library are shown grouped by bait. Control 
baits are shown in gray. N = number of barcoded phage pools included in the analysis per bait. 
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Figure S4. Analysis of the proportion of motif-containing peptides (a) and validation of low 
affinity interactions of peptides lacking consensus motifs (b-c). 
(a) Proportion of peptides returned for a bait containing the expected ELM consensus for the bait 
(consensus proportion) or the SLiMFinder consensus enriched in the peptides in the screen of 
that bait  (slimfinder proportion). The plots show the data grouped by three peptide metric 
statistics: count - log10  of the normalized counts, overlap - the number of overlapping peptides 
returned in the screen for that bait, replicates - the number of replicates that the peptide was 
returned. (b) FP affinity measurements of the interactions between 14-3-3 SFN and the probe 
peptide phospho-RAF1255-264 (FITC-QRSTpSTPNVH; left) and the competition with unlabeled 
MAP1A1836-1851 (right). (c) FP competition experiment for the Keap1 KELCH domain between the 
FITC-labeled probe peptide NFE1L1226-243 and the unlabeled peptides ATF128-143 and TREF223-347 
that lack Keap1 KELCH binding motif. 
 



 
Figure S5. Overview of GO term enrichment analysis. (A) ROC curve showing the discriminator power of the 
shared GO terms analysis metrics for validated motifs (B) Box plots of Localisation, Biological Process and 
Molecular Function GO term enrichment in validated motif containing peptides and other returned peptides. (C-D) 
Network of representation of the SUMO (C) and GST (D, control) bait interactions with high/medium confidence 
peptide-containing proteins. Network is overlaid with data from a shared GO terms analysis. Three networks are 
displayed for each bait: Localisation, Biological Process and Molecular Function. Node colour and size is the p-
value of the best shared ontology term (greener and larger nodes are more enriched). Edge weights and lengths 
represent the best peptide confidence for the protein (more confident peptides are closer to the bait with thicker 
edges). The edges of known interactors are shown in blue. Nodes representing validated motif-containing proteins 
are ringed in blue. 
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Fig  S6. Analysis of correlation between affinity and ProP-PD results. The % NGS counts per  were 

plotted against (a) IC50 values, and (b) KI values. The affinities (KI values) were further plotted against (c) 

the observed overlaps of the peptides in selections, and (d) the occurrence of peptides in replicate 

selections. A KPNA4 outlier was removed for better visualization. 
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Fig S7. FP affinity measurements of KPNA4. (a) Saturation curves with probes for the for the major 
groove (Myc320-328 FITC-PAAKRVKLD; purple) and minor groove (NCOR21307-1322; FITC-
PKRTYDMMEGRVGRAI (blue)). (b) FP competition binding experiment of 18 peptides against the major 
groove probe FITC-Myc320-328 (purple) and the minor groove FITC-NCOR21307-1322 (blue). Unlabeled 
peptides used for competition: HJURP675-690, DMTF144-59, ZRANB3571-586, SPRTN400-416, CTDSPL64-79, 
AFF2864-879, ZNF5321139-1154, KDR958-973, MLK2572-587, PLEKH64B1183-1198 ZBED9651-666, ADNP711-726, 
NCOR21307-1322, HNRPNC95-110, ZMIZ2264-279, TPX2312-327. 
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Fig S8. Validation of KPNA4 binding sequences as NLSs. (a) Schematic of the construct used as NLS 
sensor. (b) Cellular localization of NLS sensor with different peptides inserted. HEK293 cells were 
transiently transfected with the NLS sensor and fixed 36 h after transfection, and imaged using 
epifluorescence microscopy. The nucleus was stained with DAPI. (c) Overview of the peptide sequences 
fused to the NLS sensor, with the resulting cellular localization indicated. 
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1005-EDYPDPPIPHSYSSDR-1020
127-TAQVYEFPDPPTSARI-142

97-LESSQVKYLRRELIEL-112
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GATA4
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WHRN

1422-LQQLLPASQSTQLPCS-1437
216-DAEPGPSSLGSMLMPV-231

351-SLSSYAGSSLDVWRAT-366
52-SSSAASSYSFSDLNST-67

216-DAEPGPSSLGSMLMPV-231
349-NSSNATTSSSEEMRPI-364

342-HTAIASASTTAPASSP-357
607-VGGPISSGSSASSVTV-622

56-SSTPLSTPCSSVPSSP-71
279-SNTPSHIPISSSFSTS-294
980-SSSGSEAAVPSVCFLV-995

252-TPSTSTTPTATQPTSL-267
212-ANFPNIPVASTSQPAS-227
608-QPPSSMPSCSGTVFSA-623
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FNBP1
GCK
INAVA
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NUMA1
NYAP1
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REEP4
SH3BP2
SLC35A5
SYCP2L
TESC
THAP4

246-IGRISAEGGEQVERVV-261
144-GERQSGDGQESTEPVE-159

671-SNSRQPGDGMSFLNFS-686
513-QDRESPDGSYTEEQSQ-528

58-LPTYVRSTPEGSEVGD-73
640-LRRSPDGAPVQVFVPE-655

642-ESHRSPAEGSERLSLS-657
1742-PRTQPDGTSVPGEPAS-1757

348-RTPGDGVSRLPVLCHS-363
524-GPPSPRSPVIGSEVFL-539

170-PLYLEDQVSHRRPPIG-185
408-PQLPHLQRSPPDGQSF-423

391-RDLSGNLWERSSGDGE-406
679-TEERELPEGISTSSLE-694

155-RSIADGAMMEAASVCM-170
163-SQEQAQQALERTPGDG-178
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Benchmarking Set
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CALM1
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CRK
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TSG101
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USP7 *

VASP

YAP1/NEDD4

CLTC

EIF4E

* Only proteins with mutations sites are shown in this network. 

MAP1LC3A binders YAP1 binders

ABRAXAS2
GRSF1
ARHGAP9
PI4K2A
SH2D3A
RHBDD1
SCN3A
TMEM151A
TMEM51
YIPF4
USP6NL

301-ASDPPPPYSDFHPNNQ-316
125-YLEDLPPPPEYELAPS-140
181-PQPLMSEPPVYCNLVD-196

12-RAQPPDYTFPSGSGAH-27
224-ASERPPTYCELVPRVP-239

289-RNSPPPYGFHLSPEEM-304
1960-GSSSTTSPPSYDSVTK-1975
433-DTEPLESPPCYEDALY-448
229-SIEPLTPPPQYDEVQE-244

1-MQPPGPPPAYAPTNGD-16
625-GLAHPPSYSNPPVYHG-640

PRRG1
BAIAP2L1
CRTC3
ERBB4
ESS2
JCAD
JUN
KLF5
LDLRAD4
NDFIP2
OTUD7B
RAPGEF6
RBM14
SCAMP3
SCN5A
SCN9A
SH2D3C
SMAD6
SYNPO
TGFB1I1
TP53BP2
TRIP6
UVRAG
WBP1
WIPF2
ZBTB7B
NDFIP1
PTCH2
SCN2A
LITAF
MAGEB18
PCDH1
SYNPO2
TNK2
TTYH3

193-PPEYEDIVNSNSASAI-208
431-SVVIPPPDYLECLSMG-446

436-TEAQAQVSPPPPYPAP-451
1045-RSEIGHSPPPAYTPMS-1060

96-REPPPPYVTPATFETP-111
328-LCLSDPGLEPPVYVPP-343

160-SASLHSEPPVYANLSN-175
316-AEMLQNLTPPPSYAAT-331

249-EGPPPTYSEVMGHHPG-264
172-PVPPPYSVATSLPTYD-187

763-ALLPPPYRVADSYSNG-778
1521-EGPHTHLKPPDYSVAV-1536

570-NSTPPPYERTRLSPPR-585
40-VYNPFETREPPPAYEP-55

1971-TSFPPSYDSVTRATSD-1986
1947-DATSSTTSPPSYDSVT-1962

56-DMVTVPKSPPAYARSS-71
269-LCGPESPPPPYSRLSP-284

560-TAPPTYTETLSTAPLA-575
32-LTPPPSYGHQPQTGSG-47

864-EEYPPYPPPPYPSGEP-879
124-EPPPPPAYRTGSLKPN-139

512-ERLQYKTPPPSYNSAL-527
128-EDVVHRPGTPPPPYTV-143

244-SGQSLAPPPPPYRQPP-259
466-DAPPHYPPPSTAAASP-481

57-DESGFPKPPSYNVATT-72
10-LPPSYTPPARTAAPQI-25

1964-DMTPSTTSPPSYDSVT-1979
52-DGKGMNPPSYYTQPAP-67

255-EYQQVPNSDPPRYEFL-270
1025-NPPKYPSKQVGQPFQL-1040

614-ADFPAPPPYSAVTPPP-629
623-DWDARPLPPPPAYDDV-638

487-ENTPLIGRESPPPSYT-502487-ENTPLIGRESPPPSYT-502

YAP1 / NEDD4 binders

NEDD4 binders

KCNA5
WIPF1
PTK2
BSN
EIF4EBP1
PEAR1
VPS54
ARHGEF5
MADD
BCAR1
March11
HIC1
CEP170
BAIAP2L2
TMEM237
LYST
SGIP1
DLGAP2
TNK2

73-PGVRPLPPLPEELPRP-88
388-NGSTSRALPATPQLPS-403

362-PQKEGERALPSIPKLA-377
2893-VKRTLPSPPPEEAHLP-2908

68-TKTPPRDLPTIPGVTS-83
928-IRDLPSLPGGPRESSY-943

24-VDPSKHIRPVPSLPDV-39
828-SAPGSSRIYRPLPPLP-843

731-AAVGVSKPLPSVPPSI-746
627-DKTSSIQSRPLPSPPK-642

46-PRYLPPLPASPETPER-61
255-PERPLAERELPPRPDS-270

643-RTLPQLPNEEKSLESH-658
284-ASQLEPDRRSLPRTPS-299

16-PPRALPPVPSQDDIPL-31
2103-SRSLPAFPTSSLLTQS-2118

245-TGTPPPLPPKNVPATP-260
611-KTPPPVPPRTTSKPLI-626
627-RPLPPPPAYDDVAQDE-642

YES1

FUNDC1
BRD9
BECN1
MFSD8
NFATC4
STK4
CARS2
TBK1
KIAA1551
CENPC
CDC37
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SQSTM1
HTATSF1
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PNPLA6
PTPN6
NEDD9
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CLSPN
PRUNE2
GCSAM
OSBPL3

8-PQDYESDDDSYEVLDL-23
577-DVTHDPYEFLQSPEPA-592
92-ESANSFTLIGEASDGG-107
16-DTPGSREWDILETEEH-31

242-GPEDSWLLLSAPGPTP-257
428-PQDGDYEFLKSWTVED-443
545-STTSTWELLDQRTKDQ-560

163-ELEDDEQFVSLYGTEE-178
1706-SFSADGFEMLQNPVKD-1721

528-SDWWVVKSEESPVYSN-543
1-MVDYSVWDHIEVSDDE-16

1588-VEEEWVIVSDEEIEEA-1603
334-GDDDWTHLSSKEVDPS-349
120-AESGWFHVEEDRNTNV-135

80-QGSWVELHFSNNGNGG-95
195-NEEYCLLDSSEIHWWR-210

725-SHDSEPWTLLRQDSDS-740
644-SQELPWVHLQGVQDGD-659

400-LCHSDDYVHISLPQAT-415
778-DDDSSKDSGFTIVSPL-793
676-PNQASSEGQFVVLSSS-691

1277-FPSSGFTDLAEIVSRI-1292
245-WEEFESLQKQEVKNLH-260

619-DGSERSWMDDYDYVHL-634
328-DTGEGWETVEMHPAYT-343

764-SLLTKESSHNSSFELI-779
2722-EWEMLSPQPVQKNMIP-2737

141-ARSPEDEYELLMPHRI-156
32-QDSWEVVEGLRGEMNY-47

MAP1LC3A / MAP1LC3B binders

MAP1LC3B binders

Fig S9. Additional PPI networks based on peptides with reported disease-associated mutations or 
phosphosites. (a) Networks showing interactions of reproducibly selected high/medium confidence peptides with 
overlapping disease-associated mutations or phosphorylation. Peptides with mutations or phosphorylation residues 
occurring in the core motif or in the flanking regions (+/- 2 residues) are shown. Mutations associated with diseases 
are colored in red (orange if they are not disease associated). Phosphorylated sites are colored in gray. Dashed-edge 
lines represent core motif residues holding a mutation or a phosphorylation site. (b) Sequences of high/medium 
confidence peptides with disease-associated mutations in the binding motif. Motif-containing regions are highlighted 
with blue background, core motifs are indicated in bold letters, phosphorylation sites within or in vicinity of the motifs 
are indicated by a box, and disease associated mutations are indicated in red bold letters (mutation of core residue). 
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