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Supplementary Fig. 1 33 

 34 

 35 

Supplementary Figure 1 - Multiple sequence alignment of chicken PHT1 with other 36 

human POT family members. Alignment between chicken PHT1 (accession number 37 

F1NG54), human PHT1 (accession number Q8N697), human PHT2 (accession number 38 

Q8IY34), human SLC15A5 (accession number A6NIM6), human Pept1 (accession number 39 

P46059) and human PepT2 (accession number Q16348). Conserved residues are highlighted 40 

with grey-scale, where black is perfectly conserved. Colored tubes represent α-helices found 41 

in the N-domain (blue), bundle bridge (yellow) and C-domain (pink). Residues highlighted in 42 



red are part of the peptide binding site, coordinating the N- and C-termini of peptides, while 43 

residues highlighted in salmon are part of the side-chain coordination of peptides.  44 
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Supplementary Fig. 2 77 

 78 
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 81 

Supplementary Figure 2 – Functional characterization of PHT1 by thermal stability 82 

assays. a) pH dependent screen of the thermal stability of PHT1 alone or in the presence of L-83 

Histidine and the Lysine-Valine (KV) dipeptide. Normalized unfolding transitions from the 84 

F350:330 signal are shown. Changes in the melting temperature of PHT1 in the presence of 85 

Histidine or KV dipeptide as compared to the melting temperature of PHT1 alone (ΔTM) are 86 

annotated. Thermal unfolding titration of b) KV dipeptide or c) Arginine-Phenylalanine (RF) 87 

dipeptide with PHT1. Data extrapolated from the F350:330 signal was fitted following a modified 88 

Hall’s approach and normalized unfolding transitions are shown.  d) Thermal unfolding 89 

transitions of different glycosylation forms of PHT1. 90 
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Supplementary Fig. 3 101 

 102 

 103 

 104 

 105 

Supplementary Figure 3 - Sybody selections against PHT1. a) Sybody selection statistics 106 

for the three different libraries. b) Radial phylogenetic tree of all unique binders identified in 107 

this study. Sequence alignment was performed using PROMAL3D and the phylogenetic tree 108 

was constructed using the maximum likelihood (ML) analysis in MEGA. c) Gel-filtration 109 

chromatography using a Superdex 200 10/300 column and SDS-PAGE analysis of PHT1 in 110 

complex with Sb27.   111 
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Supplementary Fig. 4 124 

 125 

Supplementary Figure 4 – Cryo-EM data collection and processing of PHT1 in complex 126 

with Sb27.  Side-by-side comparison of PHT1 samples imaged by cryo-EM. a) PHT1 127 

transporter alone. b) PHT1 in complex with Sb27. c) Summary of the data processing 128 

workflow. d) The Fourier transforms over different shells on frequency space, of two 129 

independent volumes (half maps) were compared (FSC) and plotted as a function of spatial 130 

frequency, to estimate the overall resolution using the 0.143 cut-off threshold. e) 3D volume, 131 

coloured by local resolution, estimated in cryoSPARCv3 using 0.5 as FSC threshold. 132 
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Supplementary Fig. 5 136 

 137 

 138 

Supplementary Figure 5 - Density map of the 3.3 Å cryo-EM structure of PHT1 in 139 

complex with Sb27. The density map is shown as blue mesh and depicts a density within a 2.0 140 

Å radius of any modelled atom. The final model is overlaid and amino acid side chains are 141 

shown as sticks. Maps are shown for individual sybodies, helices, domains and ligands. 142 
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Supplementary Fig. 6 146 

 147 

Supplementary Figure 6 – Binding interface between PHT1 and Sb27.  3D reconstruction 148 

identified two copies of Sb27 on the cytosolic side of PHT1. One of the epitopes is formed by 149 

the N-terminal residues preceding TM1 and the cytosolic interface of TM1 and TM4 (Sb27b 150 

interface), while the other epitope is defined by the bundle bridge (Sb27a interface). In both 151 

cases a CHS molecule contributes to the interaction between Sb27 and PHT1 epitopes. The 152 

cholesterol moiety is sandwiched between the transporter and Trp103 from the CDR3 loop of 153 

Sb27. The succinic acid moiety penetrates a pocket formed by polar contacts. In case of the 154 

Sb27a interface, Sb27 Glu29 is in close proximity to Lys271 of PHT1, while the same Glu29 155 

residues of Sb27 forms a salt bridge with Arg94 of PHT1 in the other interface. These data 156 

explain how the same sybody can recognize two different conformational epitopes on PHT1. 157 
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Supplementary Fig. 7 160 

 161 

Supplementary Figure 7 – Structural comparison between the outward-open structures 162 

of PHT1 and PepT1. a) Side-by-side comparison of the chicken PHT1 outward-open structure 163 

(this work) with the human PepT1 outward-open AF-bound structure (pdb 7PMX). b) 164 



Superimposition of PHT1 and PepT1, relative to their C-domains, showing a similar binding 165 

site coordination.  166 
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Supplementary Fig. 8 199 

 200 

 201 

 202 

Supplementary Figure 8 - Estimated quality of structural models for the chicken PHT1-203 

TASL complex, built using AlphaFold Multimer version 2.3.0. a) Cartoon view of the AF2 204 

model of chicken TASL (Uniprot accession number A0A1L1RS25). TASL regions predicted 205 

to interacted with PHT1 or IRF5 are highlighted.  b) Cartoon view of PHT1-TASL model 206 

colored by each residue’s predicted local distance difference test (pLDDT) score. A residue 207 

with a pLDDT score that is greater than 90 (dark blue) indicates high estimated accuracy of the 208 

position of its backbone and sidechain rotamers. A pLDDT score above 70 (light blue) 209 

suggested that the prediction of the backbone is confident. c) Predicted alignment error (PAE) 210 

plot of the PHT1-TASL model shows the estimated expected distance error in Å. Each position 211 

(i,j) in the matrix is filled with the expected distance error in the residue i’s position if the 212 

model and true (unknown) structure are aligned on residue j. The PAE scores are reported by 213 

AlphaFold and blue means low errors in this plot. The region of the N-terminus of TASL that 214 

binds to PHT1 is indicated with the yellow frame. Overall, the local structure of the interacting 215 

TASL N-terminus received only average pLDDT scores but the interaction region between the 216 

TASL N-terminus and PHT1 is predicted with high confidence by the PAE plots. d) Alignment 217 

of 10 best scoring models and close-up view of TASL (colored by pLDDT score) interaction 218 



with PHT1 (white). Disordered regions were hidden from this view. e) Overlay of wild-type 219 

TASL (green) with TASL C14A (yellow-orange) complex models with PHT1. The non-220 

conserved Cys14 residue of TASL has been replaced by an alanine during model predictions, 221 

as AlphaFold2 established a disulfide bridge between Cys14 and Cys20, unlikely to form given 222 

the reducing nature of the cytoplasm. The binding interface at the central cavity is identical in 223 

both models. 224 
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Supplementary Fig. 9 252 

 253 

Supplementary Figure 9 – Binding and coordination between PHT1 and TASL. a) 254 

Microscale thermophoresis (MST) binding data of PHT1 with fluorescently labelled TASL1-13 255 

peptide. Affinity of PHT1 to TASL was approximately 360 nM, in good agreement with the 256 

affinity estimated by thermal unfolding assays. b) Cartoon representation of the AF2 model of 257 

PHT1 (blue) in complex with TASL (brown). The C-domain of TASL is shown and the pLxIS 258 

motif is shown as sticks. c) Close-up view of the N-domain interface of PHT1, in the AF2 259 

model of PHT1-TASL. Selected residues are shown as sticks and yellow dashes indicate 260 



hydrogen bonds (cut-off at 3.2 Å). d) Schematic generated by LigPlot+ showing all the residues 261 

and contacts part of the PHT1-TASL interface. Green dashes highlight hydrogen bonds and 262 

corresponding length, red lines show salt-bridges, red spiked-semi-circles illustrate residues in 263 

PHT1 involved in hydrophobic contacts while the black circles with red spikes show the 264 

corresponding TASL residues involved in hydrophobic contacts.  265 
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Supplementary Fig. 10 295 

 296 

 297 

Supplementary Figure 10 – PHT1 sequence conservation. Cartoon representation of PHT1 298 

and corresponding sequence are colored according to the conservation among 581 unique 299 

mammalian sequences. Yellow triangles indicate residues that are part of the interface with 300 

TASL.  301 
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Supplementary Fig. 11 317 

 318 

 319 

Supplementary Figure 11 - Thermal unfolding assays and affinities between PHT1 and 320 

TASL peptides. a) Thermal unfolding titration of different TASL peptides with PHT1. Data 321 

extrapolated from the F350 signal was fitted following a modified Hall’s method and normalized 322 

unfolding transitions are shown. b) Competition assays between TASL1-13 peptide and KV 323 

dipeptide for PHT1 binding. PHT1 saturated with 10 µM of TASL1-13 peptide was mixed with 324 



2-fold dilutions of KV dipeptide (highest concentration being 5 mM) and thermal unfolding of 325 

PHT1 was measure. c) Competition assays between TASL1-13 peptide and RF dipeptide for 326 

PHT1 binding. PHT1 saturated with 2 mM RF dipeptide was mixed with 2-fold dilutions of 327 

TASL1-13 peptide (highest concentration being 50 µM) and thermal unfolding of PHT1 was 328 

measured. Data extrapolated from the F350:330 signal was fitted following a modified Hall’s 329 

approach. 330 
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Supplementary Fig. 12 358 

 359 

Supplementary Figure 12 – Pull-down assays of PHT1 and TASL mutants. a) Pull-down 360 

assay using Twin-Streptavidin-tagged PHT1 with GFP-His-tagged TASL mutants at the 361 

interface residues. Elute and lysate samples were analyzed by western-blot. Data shown are 362 

representative of two independent experiments with similar results. b) Pull-down assay using 363 

Twin-Streptavidin-tagged PHT1 mutants at the interface residues with GFP-His-tagged TASL. 364 

Elute and lysate samples were analyzed by western-blot. Data shown are representative of two 365 

independent experiments with similar results. 366 
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Supplementary Table 1 – Sequences of the unique sybodies identified by ELISA 380 

Sybody Sequence 

1 
QVQLVESGGGLVQAGGSLRLSCAASGFPVYSRHMYWYRQAPGKEREWVAAIASQGMKTWYADSVKGRFTIS
RDNAKNTVYLQMNSLKPEDTAVYYCNVKDTGQWWGLYDYWGQGTQVTVSAGRAGEQKLISEEDLNSAVDH
HHHHH 

2 
QVQLVESGGGLVQAGGSLRLSCAASGFPVNTRTMHWYRQAPGKEREWVAAIYSSGQNTFYADSVKGRFTISR
DNAKNTVYLQMNSLKPEDTAVYYCNVKDWGNIWEYDYWGQGTQVTVSAGRAGEQKLISEEDLNSAVDHHH
HHH 

3 
QVQLVESGGGLVQAGGSLRLSCAASGFPVWAAYMFWYRQAPGKEREWVAAIGSTGWYTRYADSVKGRFTIS
RDNAKNTVYLQMNSLKPEDTAVYYCHVKDAGWNWWAYDYWGQGTQVTVSAGRAGEQKLISEEDLNSAVD
HHHHHH 

6 
QVQLVESGGGLVQAGGSLRLSCAASGFPVYATWMYWYRQAPGKEREWVAAISSTGWSTYYADSVKGRFTIS
RDNAKNTVYLQMNSLKPEDTAVYYCNVKDVGFWWDQYDYWGQGTQVTVSAGRAGEQKLISEEDLNSAVD
HHHHHH 

19 
QVQLVESGGGSVQAGGSLRLSCAASGNIHAINYLGWFRQAPGKEREGVAALDTWVGYTYYADSVKGRFTVSL
DNAKNTVYLQMNSLKPEDTALYYCAAAEWGWQGPLKMRAYEYWGQGTQVTVSAGRAGEQKLISEEDLNSA
VDHHHHHH 

20 
QVQLVESGGGSVQAGGSLRLSCAASGNIWTIRYLGWFRQAPGKEREGVAALDTASGSTYYADSVKGRFTVSLD
NAKNTVYLQMNSLKPEDTALYYCAAAWWGYTVPLMWQHYYYWGQGTQVTVSAGRAGEQKLISEEDLNSAV
DHHHHHH 

23 
QVQLVESGGGSAQAGGSLRLSCAASGNIAHIYYLGWFRQAPGKEREGVAALMTFTGWTYYADSVKGRFTVSL
DNAKNTVYLQMNSLKPEDTALYYCAAATHGNWNPLQSDRYQYWGQGTQVTVSAGRAGEQKLISEEDLNSA
VDHHHHHH 

24 
QVQLVESGGGSVQAGGSLRLSCAASGAIERIWYLGWFRQAPGKEREGVAALITFTGHTYYADSVKGRFTVSLD
NAKNTVYLQMNSLKPEDTALYYCAAAYDGWFSPLTTRRYRYWGQGTQVTVSAGRAGEQKLISEEDLNSAVDH
HHHHH 

25 
QVQLVESGGGSVQAGGSLRLSCAASGNIWDIRYLGWFRQAPGKEREGVAALETQYGYTYYADSVKGRFTVSL
DNAKNTVYLQMNSLKPEDTALYYCAAADIGYYTPLIHVGWYSYWGQGTQVTVSAGRAGEQKLISEEDLNSAV
DHHHHHH 

27 
QVQLVESGGGSVQAGGSLRLSCAASGDIETIWYLGWFRQAPGKEREGVAALSTVTGSTYYADSVKGRFTVSLD
NAKNTVYLQMNSLKPEDTALYYCAAAYTGWMAPLWQWVYSYWGQGTQVTVSAGRAGEQKLISEEDLNSAV
DHHHHHH 

30 
QVQLVESGGGLVQAGGSLRLSCAASGFPVKSRRMYWYRQARGKEREWVAAIYSWGATTVYADSVKGRFTISR
DNAKNTVYLQMNSLKPEDTAIYYCNVKDWGSWYQYYDYWGQGTQVTVSAGRAGEQKLISEEDLNSAVDHH
HHHH 

31 
QVQLVESGGGLVQAGGSLRLSCAASGFPVSQNWMWWYRQAPGKEREWVAAISSKGQTTHYADSVKGRFTI
SRDNAKNTVYLQMNSLKPEDTAVYYCNVKDWGAYWYSYDYWGQGTQVTVSAGRAGEQKLISEEDLNSAVD
HHHHHH 

36 
QVQLVESGGGLVQAGGSLRLSCAASGFPVKSRRMYWYRQARGKEREWVAAIYSWGATTVYADSVKGRFTISR
DNAKNTVYLQMNSLKPEDTAIYYCNVKDWGSWYQYYDYWGQGTQVTVSAGRAGEQKLISEEDLNSAVDHH
HHHH 

38 
QVQLVESGGGLVQAGGSLRLSCAASGFPVSQNWMWWYRQAPGKEREWVAAISSKGQTTHYADSVKGRFTI
SRDNAKNTVYLQMNSLKPEDTAVYYCNVKDWGAYWYSYDYWGQGTQVTVSAGRAGEQKLISEEDLNSAVD
HHHHHH 

44 
QVQLVESGGGLVQAGGSLRLSCAASGFPVDATSMYWYRQAPGKEREWVAAINSTGWYTEYADSVKGRFTISR
DNAKNTVYLQMNSLKPEDTAVYYCNVKDYGWYYWAYDYWGQGTQVTVSAGRAGEQKLISEEDLNSAVDHH
HHHH 

48 
QVQLVESGGGLVQAGGSLRLSCAASGFPVRWHYMYWYRQAPGKEREWVAAISSHGTYTYYADSVKGRFTISR
DNAKNTVYLQMNSLKPEDTAVYYCSVKDIGRWFSKYDYWGQGTQVTVSAGRAGEQKLISEEDLNSAVDHHH
HHH 



55 
QVQLVESGGGLVQAGGSLRLSCAASGFPVAARWMRWYRQAPGKEREWVAAINSFGDYTEYADSVKGRFTIS
RDNAKNTVYLQMNSLKPEDTAVYYCNVKDYGSQWWAYDYWGQGTQVTVSAGRAGEQKLISEEDLNSAVDH
HHHHH 

57 
QVQLVESGGGLVQAGGSLRLSCAASGFPVKQKWMRWYRQAPGKEREWVAAINSNGDYTEYADSVKGRFTIS
RDNAKNTVYLQMNSLKPEDTAVYYCNVRDYGDQLFEYDYWGQGTQVTVSAGRAGEQKLISEEDLNSAVDHH
HHHH 

58 
QVQLVESGGGLVQAGGSLRLSCAASGFPVWTRWMRWYRQAPGKEREWVAAINSYGDYTEYADSVKGRFTIS
RDNAKNTVYLQMNSLKPEDTAVYYCNVRDNGAYWHYYDYWGQGTQVTVSAGRAGEQKLISEEDLNSAVDH
HHHHH 

66 QVQLVESGGGLVQAGGSLRLSCAASGFPVDTSYMYWYRQAPGKEREWVAAIWSWGQWTYYADSVKGRFTI
SRDNAKNTVYLQMNSLKPEDTAVYYCAVYVGQYYIGQGTQVTVSAGRAGEQKLISEEDLNSAVDHHHHHH 

80 
QVQLVESGGGSVQAGGSLRLSCAASGSISSITYLGWFRQAPGKEREGVAALFTWWGWTYYADSVKGRFTVSL
DNAKNTVYLQMNSLKPEDTALYYCAAASEGMYWPLTKNHYSYWGQGTQVTVSAGRAGEQKLISEEDLNSAV
DHHHHHH 

87 
QVQLVESGGGLVQAGGSLRLSCAASGFPVVHLSMAWYRQAPGKEREWVAAINSFGDHTHYADSVKGRFTISR
DNAKNTVYLQMNSLKPEDTAVYYCNVKDSGWFWTQYDYWGQGTQVTVSAGRAGEQKLISEEDLNSAVDHH
HHHH 

88 
QVQLVESGGGLVQAGGSLRLSCAASGFPVWHSYMYWYRQAPGKEREWVAAIGSTGWYTTYADSVKGRFTIS
RDNAKNTVYLQMNSLKPEDTAVYYCNVKDQGWIHKQYDYWGQGTQVTVSAGRAGEQKLISEEDLNSAVDH
HHHHH 

89 
QVQLVESGGGLVQAGGSLRLSCAASGFSVNYSYMYWYRQAPGKEREWVAAISSWGWYTVYADSVKGRFTIS
RDNAKNTVYLQMNSLKPEDTAVYYCNVKDRGNDDSSYDYWGQGTQVTVSAGRAGEQKLISEEDLNSAVDHH
HHHH 

94 
QVQLVESGGGLVQAGGSLRLSCAASGFPVYKASMYWYRQAPGKEREWVAAINSKGWWTEYADSVKGRFTIS
RDNAKNTVYLQMNSLKPEDTAVYYCNVKDYGYEQLWYDYWGQGTQVTVSAGRAGEQKLISEEDLNSAVDH
HHHHH 

100 
QVQLVESGGGLVQAGGSLRLSCAASGFPVAQRVMHWYRQAPGKEREWVAAIHSAGAQTFYADSVKGRFTIS
RDNAKNTVYLQMNSLKPEDTAVYYCNVKDDGKYYWLYDYWGQGTQVTVSAGRAGEQKLISEEDLNSAVDH
HHHHH 

101 
QVQLVESGGGLVQAGGSLRLSCAASGFPVWATYMYWYRQAPGKEREWVAAIGSTGWFTVYADSVKGRFTIS
RDNAKNTVYLQMNSLKPEDTAVYYCNVKDRGWQTAQYDYWGQGTQVTVSAGRAGEQKLISEEDLNSAVDH
HHHHH 

104 
QVQLVESGGGLVQAGGSLRLSCAASGFPVWNSWMRWYRQAPGKEREWVAAINSYGDHTEYADSVKGRFTI
SRDNAKNTVYLQMNSLKPEDTAVYYCNVKDYGEWWNNYDYWGQGTQVTVSAGRAGEQKLISEEDLNSAVD
HHHHHH 

105 
QVQLVESGGGLVQAGGSLRLSCAASGFPVYIKWMRWYRQAPGKEREWVAAISSNGEYTEYADSVKGRFTISR
DNAKNTVYLQMNSLKPEDTAVYYCNVKDYGHTQWRYDYWGQGTQVTVSAGRAGEQKLISEEDLNSAVDHH
HHHH 

109 
QVQLVESGGGLVQAGGSLRLSCAASGFPVGHKWMRWYRQAPGKEREWVAAINSHGEFTEYADSVKGRFTIS
RDNAKNTVYLQMNSLKPEDTAVYYCNVKDYGWTAWAYDYWGQGTQVTVSAGRAGEQKLISEEDLNSAVDH
HHHHH 

111 
QVQLVESGGGLVQAGGSLRLSCAASGFPVYSSWMRWYRQAPGKEREWVAAINSHGDYTEYADSVKGRFTIS
RDNAKNTVYLQMNSLKPEDTAVYSCNVKDHGYYMKHYDYWGQGTQVTVSAGRAGEQKLISEEDLNSAVDH
HHHHH 

116 
QVQLVESGGGPVQAGGSLRLSCAASGFPVNTRTMHWYRQAPGKEREWVAAIYSSGQNTFYADSVKGRFTISR
DNAKNTVYLQMNSLKPEDTAVYYCNVKDWGNIWEYDYWGQGTQVTVSAGRAGEQKLISEEDLNSAVDHHH
HHH 

121 
QVQLVESGGGLVQAGGSLRLSCAASGFPVEQSWMRWYRQAPGKEREWVAAINSWGEYTEYADSVKGRFTIS
RDNAKNTVYLQMNSLKPEDTAVYYCNVKDQGYEHQRYDYWGQGTQVTVSAGRAGEQKLISEEDLNSAVDH
HHHHH 



122 
QVQLVESGGGSVQAGGSLRLSCAASGNIWTIRYLGWFRQAPGKEREGVAALDTASGSTYYADSVKGRFTVSLD
NAKNTVYLQMNSLKPEDTALYYCAAAWWGYTVPLMWQHYYYWGQGTQVTVSAGRAGEQKLISEEDLNSAV
DHHHHHH 

134 
QVQLVESGGGLVQAGGSLRLSCAASGFPVYQTYMYWYRQAPGKEREWVAAINSTGYFTRYADSVKGRFTISR
DNAKNTVYLQMNSLKPEDTAVYYCNVKDLGWWSEQYDYWGQGTQVTVSAGRAGEQKLISEEDLNSAVDHH
HHHH 

139 
QVQLVESGGGSVQAGGSLRLSCAASGHIRWIKYLGWFRQAPGKEREGVAALYTYEGQTYYADSVKGRFTVSLD
NAKNTVYLQMNSLKPEDTALYYCAAAYFGAFYPLSYDAYYYWGQGTQVTVSAGRAGEQKLISEEDLNSAVDH
HHHHH 

140 
QVQLVESGGGLVQAGGSLRLSCAASGFPVWATYMYWYRQAPGKEREWVAAIGSTGWFTVYADSVKGRFTIS
RDNAKNTVYLQMNSLKPEDTAVYYCNVKDYGWFEYRYDYWGQGTQVTVSAGRAGEQKLISEEDLNSAVDHH
HHHH 

143 
QVQLVESGGGLVQAGGSLRLSCAASGFPVYSAVMYWYRQAPGKEREWVASIGSTGQHTYYADSVKGRFTISR
DNAKNTVYLQMNSLKPEDTAVYYCNVKDVGEYMYWYDYWGQGTQVTVSAGRAGEQKLISEEDLNSAVDHH
HHHH 

146 
QVQLVESGGGLVQAGGSLRLSCAASGFPVDTTNMHWYRQAPGKEREWVAAIHSSGTYTFYADSVKGRFTISR
DNAKNTVYLQMNSLKPEDTAVYYCNVKDKGAHLWWYDYWGQGTQVTVSAGRAGEQKLISEEDLNSAVDHH
HHHH 

155 
QVQLVESGGGLVQAGGSLRLSCAAGGFPVKTSWMRWYRQAPGKEREWVAAINSTGDWTEYADSVKGRFTI
SRDNAKNTVYLQMNSLKPEDTAVYYCNVKDYGVQTYYYDYWGQGTQVTVSAGRAGEQKLISEEDLNSAVDH
HHHHH 

 381 
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Supplementary Table 2 - Cryo-EM data collection, refinement and validation statistics 401 

Protein reconstructed PHT1-Sb27 

PDB accession code 8CNI 

EMDB accession code EMD-16758 

 

Data acquisition  

Microscope/Detector Titan Krios/Gatan K3 

Imaging software EPU 

Magnification 105,000 

Voltage (kV) 300 

Electron exposure (e-/Å2) 75 

Dose rate (e-/pix/s) 19.5 

Frame exposure (e-/Å2) 1.5 

Defocus range (µm) -0.9 to -2 

Physical pixel size (Å) 0.85 

Micrographs 53,070 

 

Reconstruction  

Picked coordinates (cryolo) 7,347,786  

Particles in 3D classification (RELION) 6,644,417 

Particles in final refinement (CryoSPARC) 1,328,233 

Symmetry imposed C1 

Map sharpening method for final atomic 

model refinement 

CryoSPARCv3 

Map sharpening method for illustration 

(trained model) 

DeepEMhancer (tight target) 

Map resolution, FSChalf maps; 0.143 

masked/unmasked (Å) 

3.3/3.4 

 

Refinement  

Initial model used for refinement AlphaFold2 model, relaxed with Amber 

Model resolution (Å)  

FSC 0.143, masked/unmasked 3.3/3.3 

Model composition  

Atoms (Hydrogens) 11,397 (5,679) 

Protein residues 742 

ADP B factor (Å2) mean 79.17 

R.m.s deviations  

Bond lengths (Å) (#>4) 0.005 (0) 

Bond angles (°) (#>4) 0.480 (0) 

Validation  

MolProbity score 1.59 

Clashscore 6.38 

Rotamer outliers (%) 0.67 

Ramachandran plot  

Favored (%) 96.43 

Allowed (%) 3.57 

Outliers (%) 0.00 

 402 
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Supplementary Table 3 - PHT1-TASL model quality assessments and interaction interface properties 407 

calculated by AlphaPulldown package. iPTM and iPTM+pTM scores are reported by AlphaFold. Both scores 408 

range between 0 and 1 with 1 being the best. The remaining measurements in the table were done after removing 409 

disordered regions from TASL model, which correspond to all the residues after residue 43, to reflect the 410 

properties of the interface involving only the N-terminus of TASL. pDockQ score is calculated using the formula 411 

given by 1. pDockQ evaluates the quality of the interface and it ranges between 0.018 and 0.742 and a higher 412 

pDockQ score indicates better quality at the interface. The rest of the rows are evaluations reported by PI-score 413 

pipeline 2. PI-score is a binary classifier that will assign a class label to a protein complex structure. A positive 414 

PI-score classifies the complex as a “native-like” fit whereas a negative PI-score indicates otherwise.  415 

Num_intf_residues: number of residues at the interface. Polar: number of polar residues (Ser, Thr, Asn, Gln, His 416 

and Tyr) at the interface. Hydrophobic: number of hydrophobic residues (Ala, Leu, Ile, Val, Phe, Trp, Cys, Met) 417 

at the interface. Charged: number of charged residues (Asp, Glu, Lys, Arg) at the interface. contact_pairs: number 418 

of atomic contacts between the interface residues. sc: geometric shape complementarity of protein-protein 419 

interfaces. sc ranges between 0 and 1 with an sc score of 1, two proteins mesh precisely. hb: number of hydrogen-420 

bonds in the interface. sb: number of salt-bridges at the interface. int_solv_en: interface solvation energy. int_area: 421 

interface surface area that will be inaccessible to solvent upon the interface formation. In summary, the model 422 

obtained moderate AlphaFold fold scores and PI-score classifies the interface as a true interface. 423 

Num_intf_residues 16 

Polar 0.188 

Hydrophobhic 0.563 

Charged 0.125 

contact_pairs 12 

sc 0.65 

hb 15 

sb 13 

int_solv_en -16.25 

int_area 1289.45 

pi_score 1.34 

iptm_ptm 0.670 

iptm 0.681 

pDockQ 0.189 

 424 

 425 

 426 

 427 

 428 

 429 



Supplementary Table 4 – TASL peptide sequences and determined affinities. The amino 430 

acid sequences of the TASL peptides used in this study are described below. Affinities between 431 

TASL peptides and PHT1 were determined by thermal shift assays and are summarized in the 432 

table below.  433 

 Peptide sequence KD (µM) 

Peptide lengths     

TASL 1-7 MLSEGYL ND 

TASL 1-9 MLSEGYLYR ND 

TASL 1-11 MLSEGYLYRIA ND 

TASL 1-12 MLSEGYLYRIAY 1.74 ± 0.33 

TASL 1-13 MLSEGYLYRIAYL 0.36 ± 0.079 

TASL 1-15 MLSEGYLYRIAYLCE 1.76 ± 0.32 

TASL 1-17 MLSEGYLYRIAYLCEDS 1.35 ± 0.19 

TASL 1-21 MLSEGYLYRIAYLCEDSELCT 4.05 ± 2.65 

Deletions/ insertions   

TASL 2-13 LSEGYLYRIAYL 9.11 ± 1.11 

TASL 3-13 SEGYLYRIAYL 7.63 ± 0.92 

TASL 4-13 EGYLYRIAYL 10.51 ± 1.35 

TASL 5-13 GYLYRIAYL ND 

G-TASL 1-13 GMLSEGYLYRIAYL ND 

SS-TASL 1-13 SSMLSEGYLYRIAYL ND 

TASL 1-13-GS MLSEGYLYRIAYLGS 0.71 ± 0.05 

TASL 1-13-GSGS MLSEGYLYRIAYLGSGS 0.58 ± 0.04 

TASL 1-13-GSGSGS MLSEGYLYRIAYLGSGSGS 0.41 ± 0.06 

Mutations     

TASL 1-13 M1A ALSEGYLYRIAYL 15.38 ± 2.67 

TASL 1-13 L2A MASEGYLYRIAYL 7.28 ± 2.68 

TASL 1-13 S3A MLAEGYLYRIAYL 0.69 ± 0.26 

TASL 1-13 E4A MLSAGYLYRIAYL ND 

TASL 1-13 Y6A MLSEGALYRIAYL 1.53 ± 0.57 

TASL 1-13 L7A MLSEGYAYRIAYL 0.31 ± 0.11 

TASL 1-13 Y8A MLSEGYLARIAYL 2.12 ± 0.73 

TASL 1-13 R9A MLSEGYLYAIAYL 3.36 ± 1.06 

TASL 1-14 C14A MLSEGYLYRIAYLA 0.40 ± 0.12 

 434 

*ND – Not determined since no thermal induced shift at the concentration of 50 µM was 435 

observed. 436 
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