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[bookmark: _heading=h.4d34og8]Stereochemical validation of modeled proteins
[bookmark: _heading=h.2s8eyo1]Except for the crystal structure of the extracellular domain of PD-1 (PD-1-ECD), which was retrieved from Protein Data Bank (PDB), the full crystal structures of neither PD-1 nor AXL were available in PDB. To overcome this obstacle and study the structures of these proteins, input sequences for the intracellular domain of PD-1 (PD-1-ICD), the extracellular domain of AXL (AXL-ECD) and the intracellular domain of AXL (AXL-ICD) were obtained from UniProt database, and their structures were modeled using RoseTTAFold method. This approach allowed us to obtain accurate and reliable structural models for AXL-ECD, AXL-ICD, and PD-1-ICD, despite the unavailability of their full crystal structures. Moreover, the RoseTTAFold method provided insights into the structural characteristics and potential interactions between PD-1 and AXL (Baek et al., 2021). 
To assess the accuracy and reliability of the generated models, we performed a structure validation, which is a crucial step in protein structure prediction. Ramachandran plots, a widely used tool for evaluating conformational quality, were used as graphical representation of the amino acid residues within different regions of conformational space. These regions include the favorable, allowed, and disallowed regions, which correspond to the ideal, acceptable, and unfavorable conformations of amino acids, respectively. For the AXL-ECD protein, 88.4% of its residues were found in the most favored regions, indicating that the majority of residues adopted energetically favorable conformations. Additionally, 8.8% of the residues were in additional allowed regions, demonstrating that they were still within acceptable conformational space. A small portion, 0.6% of the residues, occupied the generously allowed regions, indicating slightly less favorable but still permissible conformations. However, 2.2% of the residues were classified in the disallowed regions, suggesting that these residues adopted unfavorable or non-physiological conformations. The most reliable three-dimensional (3D) structures were selected for further study (Supplementary figure 4A). 
Similarly, for the AXL-ICD protein, the Ramachandran plot showed 91.4% of its residues in the most favored regions, indicating a high-quality conformational distribution. Furthermore, 6.5% of the residues were in additional allowed regions, and 0.7% were in the generously allowed regions. These percentages suggest that the majority of residues adopted energetically favorable conformations with a smaller fraction slightly deviating from the ideal backbone angles. Only 1.4% of the residues were categorized as disallowed, implying a relatively low occurrence of unfavorable conformations (Supplementary figure 4B).
In the case of PD-1-ICD, the Ramachandran plot analysis revealed that 84.7% of its residues were in the most favored regions, indicating a substantial proportion of energetically favorable conformations. Additionally, 13.9% of the residues were in additional allowed regions, suggesting that they were still within acceptable conformational space but with a slightly higher deviation from the ideal angles. Furthermore, 1.4% of the residues occupied the generously allowed regions, indicating a relatively lower preference for these conformations. Notably, no residues were classified in the disallowed regions, indicating a lack of highly unfavorable conformations (Supplementary figure 4C). 

Detailed description of the interacting residues, docking scores and chemical bonds summarized in Table 2 and visualized in Figures 5 and 6 A-B.
The docking results for the AXL-PD-1-ECD complex revealed that the complex obtained a docking score of -220.02kcal/mol, indicating a strong binding affinity. Among the interacting residues, Glu167 in the AXL protein formed hydrogen bonds and a salt bridge with Arg94 in PD-1. These interactions were crucial for stabilizing the complex, with a hydrogen bond distance of 2.0Å and a salt bridge distance of 4.8Å. Another significant interaction occurred between Tyr140 in AXL and Gln91 in PD-1, forming a hydrogen bond at a distance of 2.1Å. Furthermore, Glu136 in AXL established hydrogen bonds with Arg112 in PD-1, contributing to the structural stability of the complex. The hydrogen bond distance between these residues was measured to be 1.2Å. Additionally, Glu136 and Arg112 also formed a salt bridge, further reinforcing the binding between the two proteins at a distance of 4.8Å. The analysis also revealed interactions between Gln114 in AXL and both Thr98 and His107 in PD-1. These interactions involved hydrogen bonds with distances of 2.3Å and 1.8Å, respectively (Figure 5A). 
When compared to AXL-PD-1-ECD complex (docking score of -220.02kcal/mol), the docking results for the AXL-PD-1-ICD (WT) complex revealed additional interactions and a lower docking score of -296.67kcal/mol. This suggests a potentially higher affinity and stronger binding between the intracellular domains of AXL and PD-1. The docking analysis identified specific interacting residues and bond types 
in the AXL-PD-1-ICD (WT) complex. One important interaction involved Pro811 in AXL forming a hydrogen bond with Glu247 in PD-1, with a bond distance of 1.4Å. This hydrogen bond contributes to the stability and binding between the two proteins. Another significant interaction occurred between Ser685 in AXL and Trp230 in PD-1, forming a hydrogen bond with a distance of 1.1Å. This interaction further enhances the binding between AXL and PD-1 in the intracellular domain complex (Figure 5B). It is evident that the AXL-PD-1-ICD (WT) complex exhibited stronger binding than the AXL-PD-1-ECD as indicated by the lower docking score. Additionally, the specific interacting residues and bond types differed between the two complexes, suggesting distinct molecular interactions and binding modes in the intracellular domain complex compared to the extracellular domain. 
The docking results for AXL complexes formed with PD-1 mutant variants AXL-PD-1-ICD (Y223F) and AXL-PD-1-ICD (Y248F) demonstrated distinct interactions and docking scores than for PD-1-ECD and PD-1-ICD (WT), implying variations in the binding characteristics. The AXL-PD-1-ICD (Y223F) complex achieved a docking score of -238.96kcal/mol, while the AXL-PD-1-ICD (Y248F) complex obtained a lower docking score of -303.29kcal/mol, indicating a potentially stronger binding affinity in the latter.
[bookmark: _heading=h.30j0zll]In the AXL-PD-1-ICD (Y223F) complex, pi-pi stacking interactions were observed between Tyr779 in AXL and Trp230 in PD-1 at a distance of 4.8Å, contributing to the stabilization of the complex. Additionally, Asp776 in AXL formed both a hydrogen bond (H-bond) and a salt bridge with Lys233 in PD-1, with bond distances of 1.6Å and 3.7Å, respectively. Furthermore, Gln770 in AXL formed a hydrogen bond with Lys233 in PD-1 at a distance of 2.3Å. Lys769 in AXL and Pro243 in PD-1 also engaged in a hydrogen bond interaction with a distance of 1.3Å. Lastly, Asp639 in AXL and Arg264 in PD-1 formed a salt bridge at a distance of 3.0Å (Figure 6A). 
Lastly, we observed that in the AXL-PD-1-ICD (Y248F) complex, Pro811 in AXL formed a hydrogen bond with Glu247 in PD-1 at a distance of 1.4Å. Also, Ser685 in AXL and Trp230 in PD-1 established a hydrogen bond with a distance of 1.2Å. Asn683 in AXL and Gln229 in PD-1 exhibited a hydrogen bond interaction at a distance of 1.5Å. Additionally, Tyr643 in AXL formed a hydrogen bond with Thr250 in PD-1, with a bond distance of 1.9Å (Figure 6B). 

[bookmark: _heading=h.1fob9te]Intermolecular Interaction Patterns through Simulation
The binding strength between the extracellular and intracellular domains of AXL and PD-1 was assessed by the intermolecular interactions between AXL and PD-1 using a dataset comprising 20,000 frames obtained from a 2µs MD simulation trajectory. The simulation event analysis module in Schrodinger’s Maestro was employed to generate an intermolecular interaction pattern based on the simulation data. These interactions are visualized Supplementary figure 5A-D, demonstrating the presence and occurrence of intermolecular interactions between AXL and PD-1, further supporting the existence of binding interactions between the ECD and ICD domains of AXL and PD-1.
[bookmark: _heading=h.3znysh7]Intermolecular interaction profile of AXL – PD-1-ECD complex
During the examination of intermolecular interactions between the ECDs of AXL and PD-1, various types of interactions were observed, contributing to the stability of the complex. These interactions include hydrogen bonds, salt-bridges, pi-pi stacking, and pi-cation interactions. In the initial 600 ns of the MD simulation, irregular hydrogen bonds were detected between AXL-ECD and PD-1-ECD, ranging from 2 to 25 hydrogen bonds. These interactions were not consistently present but occurred intermittently. Between 600ns and 1.25µs into the MD simulation, the number of hydrogen bonds increased, resulting in more stable interactions between AXL-ECD and PD-1-ECD. The complex formed between 20 to 30 hydrogen bonds during this period, indicating a strengthening of the interactions. Subsequently, in the later stages of the simulation, irregular interactions continued to occur but with an overall increase in the number of hydrogen bonds. The interactions became more stable as the complex formed between 20 to 35 hydrogen bonds. Overall, the analysis demonstrates that hydrogen bonds play a crucial role in stabilizing the intermolecular interactions between the ECDs of AXL and PD-1. The observed pattern suggests an initial stage of sporadic interactions, followed by an intermediate phase of increased hydrogen bonding and ultimately, stabilized interactions during the production stage (Supplementary figure 5A).
In addition to the hydrogen bonds, salt-bridges between the ECDs of AXL and PD-1 were formed. The salt-bridges contribute to the stability of the complex. During the initial phase of the MD simulation (first 200ns), the complex formed a range of 1 to 4 salt-bridges between AXL-ECD and PD-1-ECD. The number of salt-bridges gradually increased during this phase. From 200ns to 900ns of the MD simulation, the salt-bridges continued to increase but in an irregular pattern. The specific number of salt-bridges formed varied during this period, indicating some degree of fluctuation in the interactions. In the production stage of 1µs to 2µs, the complex achieved further stabilization as the number of salt-bridges formed between AXL-ECD and PD-1-ECD ranged from 5 to 9. This indicates a strengthening of the interactions and a higher level of stability within the complex. The increasing salt-bridges formation throughout the simulation suggests their contribution to the overall stability of the AXL-ECD and PD-1-ECD complex, alongside the hydrogen bonds. 
During the analysis of the intermolecular interactions between the ECDs of AXL and PD-1, several observations were made regarding salt-bridges and pi-cation interactions. In the first 350 ns of the simulation, the complex exhibited a range of 1 to 7 salt-bridges between the ECDs of AXL and PD-1. Following this initial phase, the number of salt-bridges increased, ranging from 5 to 9 throughout the rest of the simulation. This indicates a strengthening and stabilization of the salt-bridges over time. Regarding the pi-cation interaction, an irregular single pi-cation interaction was observed between the ECDs of AXL and PD-1 during the first 1.1µs of the simulation. However, this interaction disappeared afterwards, suggesting a transient or unstable nature of the pi-cation interaction in this context. In terms of pi-pi stacking, an initial observation of this interaction was made, but throughout the entire simulation, the pi-pi stacking interaction was not detected (Supplementary figure 5A). This suggests that pi-pi stacking may not play a significant role in the intermolecular interactions between the ECDs of AXL and PD-1 in this context. 
This analysis indicates that salt-bridges are the prominent intermolecular interactions between the ECDs of AXL and PD-1, while the presence of pi-cation interactions is observed in the initial phase and subsequently diminishes. Pi-pi stacking, on the other hand, does not appear to be a significant interaction in this system throughout the simulation.

[bookmark: _heading=h.2et92p0]Intermolecular interaction profile of AXL – PD-1-ICD (WT) complex
The analysis of intermolecular interactions between AXL-ICD and PD-1-ICD (WT) indicated that in the initial 700ns of the MD simulation, a range of 10 to 25 hydrogen bonds were observed. This demonstrates a relatively high number of hydrogen bonds contributing to the interactions between the two domains. Following the initial phase, a stabilized interaction pattern emerged, where the ICDs maintained an average of 12 to 30 hydrogen bonds throughout the remaining 2µs of the MD simulation. This suggests a consistent and relatively strong binding between the ICDs of AXL and PD-1 (WT). Regarding salt-bridges, in the first 200ns, the complex exhibited 1 to 4 salt-bridges between the ICDs of AXL and PD-1 (WT). This number increased to 3 to 6 salt-bridges between 200 ns and 600 ns, indicating a strengthening of the interactions during this period. Between 600ns and 1.7µs, the number of salt-bridges observed varied between 3 to 8, suggesting some fluctuation in the interactions. However, in the later phase of the MD simulation, the number of salt-bridges decreased to 6 (Supplementary figure 5B). It demonstrates the presence of stable hydrogen bonds and salt-bridges between the ICDs of AXL and PD-1 (WT) throughout the MD simulation. These interactions contribute to the stability and binding between the two domains, indicating their importance in the complex formation. 
In addition to hydrogen bonds and salt-bridges, the analysis revealed the presence of pi-cation and pi-pi stacking interactions. Throughout the entire simulation, two pi-cation interactions were consistently observed between AXL-ICD and PD-1-ICD (WT). These interactions involve the positive charge of a cation interacting with the pi-electron cloud of an aromatic ring. Furthermore, a single pi-pi stacking interaction was consistently present between the domains. This interaction occurs when two aromatic rings align, and their pi-electron clouds overlap. During the simulation time between 300ns and 600ns, the pi-pi stacking interaction increased to a maximum of three interactions, indicating a transient strengthening of the pi-pi stacking interaction during this specific time period (Supplementary figure 5B). These pi-cation and pi-pi stacking interactions contribute to the overall stability and binding between ICDs of AXL and PD-1 (WT) throughout the simulation, along with the hydrogen bonds and salt-bridges.

[bookmark: _heading=h.tyjcwt]Intermolecular interaction profile of AXL – PD-1-ICD (Y223F) complex
In the case of the ICDs of AXL and PD-1 (Y223F), the analysis revealed varying and irregular patterns of intermolecular interactions for hydrogen bonds, salt bridges, pi-cation interactions, and pi-pi stacking. During the first 1µs of the simulation, the number of hydrogen bonds formed between the AXL-ICD and PD-1-ICD (Y223F) complex ranged from 12 to 35, displaying irregular variations. However, as the simulation progressed, the complex formed stabilized hydrogen bonds ranging from 18 to 35. This suggests a transition from irregular interactions to more consistent and stable hydrogen bonding throughout the simulation. In the initial half of the simulation (first 1µs), the number of salt bridges between AXL-ICD and PD-1-ICD (Y223F) ranged from 1 to 6, indicating variability in the interactions. However, beyond this point, the number of salt bridges increased to a range of 3 to 8, with occasional observations of 3 to 9 salt bridges (Supplementary figure 5C).  This trend suggests a progression towards a more stable and tightly bound complex between the ICDs. 
Interpreting pi-cation interactions, the initial 100 ns of the MD simulation exhibited up to three such interactions between AXL-ICD and PD-1-ICD (Y223F). Subsequently, for the remaining duration of the simulation, the complex predominantly displayed 1 to 2 irregular pi-cation interactions. Observing pi-pi stacking, 1 to 2 such interactions were observed within the first 700ns of the simulation. However, after this point, pi-pi stacking was not detected until the end of the 1 µs MD simulation. Occasionally, a single pi-pi stacking interaction between AXL-ICD and PD-1-ICD (Y223F) was observed, as depicted in Supplementary figure 5). This analysis highlights the varying and irregular nature of intermolecular interactions involving hydrogen bonds, salt bridges, pi-cation interactions, and pi-pi stacking in the complex formed by the ICDs of AXL and PD-1 mutant (Y223F). However, the overall trend indicates a progression towards a stabilized and tightly bound complex as the simulation progresses.

[bookmark: _heading=h.3dy6vkm]Intermolecular interaction profile of AXL – PD-1-ICD (Y248) complex
The analysis of the complex formed by the ICDs of AXL and PD-1 mutant (Y248F) reveals distinct characteristics compared to other complexes. The complex formed by AXL-ICD and PD-1-ICD (Y248F) exhibited a highly stable interaction, as evidenced by the consistent formation of hydrogen bonds throughout the 2µs MD simulation. The number of hydrogen bonds ranging from 15 to 34, indicating a strong and stable binding between the ICDs. Furthermore, the complex consistently formed 2 to 6 salt bridges throughout the entire simulation (Supplementary figure 5D). This suggests a persistent and stable interaction between the two domains, contributing to the overall stability of the complex.
In addition, the analysis shows a notable presence of 3 pi-cation interactions throughout the MD simulation, indicating a consistent and favorable arrangement of positive cations with aromatic rings (Supplementary figure 5D). Moreover, a single pi-pi stacking interaction is consistently observed during the entire simulation. The regularity of pi-pi stacking and the increased occurrence of pi-cation interactions in this complex are distinct characteristics not observed in the other complexes mentioned (ECDs of AXL and PD-1, ICDs of AXL and PD-1 wild-type, and ICDs of AXL and PD-1 mutant Y223F). These findings indicate that the complex formed by AXL-ICD and PD-1-ICD mutant (Y248F) possesses unique and stable intermolecular interactions, including hydrogen bonds, salt bridges, pi-cation interactions, and pi-pi stacking. These interactions contribute to the overall stability and binding of the complex throughout the MD simulation.
Overall, hydrogen bonds and salt bridges play a crucial role in stabilizing the interactions between the ECDs and ICDs of AXL and PD-1. The presence of pi-cation interactions and pi-pi stacking varies among the complexes, with the ICDs of AXL and PD-1 mutant (Y248F) demonstrating the most stable and consistent interactions. 


Supplementary figure 1. Schematic illustration of the key steps of a pull-down experiment. To be used as a bait protein, PD-1 was tagged with Twin-Strep-tag®. Recombinant PD-1 was subsequently overexpressed in U2OS cells, which were lysed under gentle conditions to preserve protein-protein interactions. The undisrupted complex formed by the bait and prey proteins was isolated by exploiting the interaction between Twin-Strep-tag® of PD-1 and Strep-Tactin®XT immobilized on magnetic beads. Noteworthy, the interaction between the Twin-Strep-tag® and Strep-Tactin®XT employs one of the strongest covalent bonds existing between biotin and streptavidin. In our setup, both components were chemically modified to increase their affinity and stability even further. In the final step of the experiment proteins were eluted with SDS buffer under reducing conditions. Protein identification and quantification was performed using LC-MS/MS approach followed bioinformatic analysis. [image: ]
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Supplementary figure 2. LC-MS/MS spectra of two tryptic peptides ion products originating from AXL protein, which were used for protein quantification. Peptide sequence is shown on the top in bold for A) and B), y ion products shown in blue, b in purple.


Supplementary figure 3. Immunofluorescent staining indicates co-localization of PD-1 and AXL in a fraction of U2OS PD-1 OE cells. Images were acquired with confocal microscopy. White arrows mark the cells with potential co-localization of PD-1 and AXL. U2OS cells were stained with anti-PD-1 and anti-AXL primary antibodies, followed by staining with Alexa FluorTM 488 and Alexa FluorTM 647 secondary antibodies, respectively. Cells were mounted with mounting medium with DAPI, which was used for nuclear staining. Specimens were visualized by confocal microscopy with 63x oil immersion lens, bar= 30µm.[image: ]
Supplementary figure 4. Ramchandran plots representing the quality assessment of the modeled protein domains A) AXL-ECD, B) AXL-ICD, and C) PD-1-ICD protein structures. Robetta The majority of the residues in all three proteins were found in the most favoured regions, indicating good overall quality and reliable backbone conformations. The presence of a small fraction of residues in the additional allowed and generously allowed regions suggests some deviations from the ideal conformations, although they are still within acceptable limits. The absence of residues in the disallowed regions for PD-1-ICD indicates a higher level of conformational quality compared to AXL-ECD and AXL-ICD. The Ramchandra plots were generated using SAVES V.6.0 server (https://saves.mbi.ucla.edu/).
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[image: ] Supplementary figure 5. Intermolecular interactions measured throughout the simulation trajectories to assess binding stability between A) AXL – PD-1-ECD complex, B) AXL – PD-1 ICD (WT), C) AXL – PD-1 ICD (Y223F), D) AXL – PD-1 ICD (Y248F). B
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The full-length protein amino acid sequence is written in black and the tag sequence in blue, with mutation sites highlighted in magenta. 

C-terminus-V5-Twin-Strep-tags
WT PD1
MQIPQAPWPVVWAVLQLGWRPGWFLDSPDRPWNPPTFSPALLVVTEGDNATFTCSFSNTSESFVLNWYRMSPSNQTDKLAAFPEDRSQPGQDCRFRVTQLPNGRDFHMSVVRARRNDSGTYLCGAISLAPKAQIKESLRAELRVTERRAEVPTAHPSPSPRPAGQFQTLVVGVVGGLLGSLVLLVWVLAVICSRAARGTIGARRTGQPLKEDPSAVPVFSVDYGELDFQWREKTPEPPVPCVPEQTEYATIVFPSGMGTSSPARRGSADGPRSAQPLRPEDGHCSWPLGGGGSGGGGSGGGGSGKPIPNPLLGLDSTGGGGSGGGGSGGGGSSAWSHPQFEKGGGSGGGSGGSAWSHPQFEK
Y223F PD1
MQIPQAPWPVVWAVLQLGWRPGWFLDSPDRPWNPPTFSPALLVVTEGDNATFTCSFSNTSESFVLNWYRMSPSNQTDKLAAFPEDRSQPGQDCRFRVTQLPNGRDFHMSVVRARRNDSGTYLCGAISLAPKAQIKESLRAELRVTERRAEVPTAHPSPSPRPAGQFQTLVVGVVGGLLGSLVLLVWVLAVICSRAARGTIGARRTGQPLKEDPSAVPVFSVDFGELDFQWREKTPEPPVPCVPEQTEYATIVFPSGMGTSSPARRGSADGPRSAQPLRPEDGHCSWPLGGGGSGGGGSGGGGSGKPIPNPLLGLDSTGGGGSGGGGSGGGGSSAWSHPQFEKGGGSGGGSGGSAWSHPQFEK

Y248F PD1
MQIPQAPWPVVWAVLQLGWRPGWFLDSPDRPWNPPTFSPALLVVTEGDNATFTCSFSNTSESFVLNWYRMSPSNQTDKLAAFPEDRSQPGQDCRFRVTQLPNGRDFHMSVVRARRNDSGTYLCGAISLAPKAQIKESLRAELRVTERRAEVPTAHPSPSPRPAGQFQTLVVGVVGGLLGSLVLLVWVLAVICSRAARGTIGARRTGQPLKEDPSAVPVFSVDYGELDFQWREKTPEPPVPCVPEQTEFATIVFPSGMGTSSPARRGSADGPRSAQPLRPEDGHCSWPLGGGGSGGGGSGGGGSGKPIPNPLLGLDSTGGGGSGGGGSGGGGSSAWSHPQFEKGGGSGGGSGGSAWSHPQFEK

C-terminus-Twin-Strep-tags
WT PD1
MQIPQAPWPVVWAVLQLGWRPGWFLDSPDRPWNPPTFSPALLVVTEGDNATFTCSFSNTSESFVLNWYRMSPSNQTDKLAAFPEDRSQPGQDCRFRVTQLPNGRDFHMSVVRARRNDSGTYLCGAISLAPKAQIKESLRAELRVTERRAEVPTAHPSPSPRPAGQFQTLVVGVVGGLLGSLVLLVWVLAVICSRAARGTIGARRTGQPLKEDPSAVPVFSVDYGELDFQWREKTPEPPVPCVPEQTEYATIVFPSGMGTSSPARRGSADGPRSAQPLRPEDGHCSWPLGGGGSGGGGSGGGGSSAWSHPQFEKGGGSGGGSGGSAWSHPQFEK
N-terminus-V5-Twin-Strep-tags
WT PD1
MSAWSHPQFEKGGGSGGGSGGSAWSHPQFEKGGGGSGGGGSGGGGSGKPIPNPLLGLDSTGGGGSGGGGSGGGGSMQIPQAPWPVVWAVLQLGWRPGWFLDSPDRPWNPPTFSPALLVVTEGDNATFTCSFSNTSESFVLNWYRMSPSNQTDKLAAFPEDRSQPGQDCRFRVTQLPNGRDFHMSVVRARRNDSGTYLCGAISLAPKAQIKESLRAELRVTERRAEVPTAHPSPSPRPAGQFQTLVVGVVGGLLGSLVLLVWVLAVICSRAARGTIGARRTGQPLKEDPSAVPVFSVDYGELDFQWREKTPEPPVPCVPEQTEYATIVFPSGMGTSSPARRGSADGPRSAQPLRPEDGHCSWPL

N-terminus-Twin-Strep-tags
WT PD1
MSAWSHPQFEKGGGSGGGSGGSAWSHPQFEKGGGGSGGGGSGGGGSMQIPQAPWPVVWAVLQLGWRPGWFLDSPDRPWNPPTFSPALLVVTEGDNATFTCSFSNTSESFVLNWYRMSPSNQTDKLAAFPEDRSQPGQDCRFRVTQLPNGRDFHMSVVRARRNDSGTYLCGAISLAPKAQIKESLRAELRVTERRAEVPTAHPSPSPRPAGQFQTLVVGVVGGLLGSLVLLVWVLAVICSRAARGTIGARRTGQPLKEDPSAVPVFSVDYGELDFQWREKTPEPPVPCVPEQTEYATIVFPSGMGTSSPARRGSADGPRSAQPLRPEDGHCSWPL


MGSRRGPWPLVWAVLQLGWWPGWLLDSPDRPWSPLTFSPAQLTVQEGENATFTCSLADIPDSFVLNWYRLSPRNQTDKLAAFQEDRIEPGRDRRFRVMRLPNGRDFHMSIVAARLNDSGIYLCGAIYLPPNTQINESPRAELSVTERTLEPPTQSPSPPPRLSGQLQGLVIGVTSVLVGVLLLLLLTWVLAAVFPRATRGACVCGSEDEPLKEGPDAAPVFTLD
Y
GELDFQWREKTPEPPAPCAPEQTE
Y
ATIVFPGRPASPGRRASASSLQGAQPPSPEDGPGLWPL
GGGGSGGGGSGGGGS
GKPIPNPLLGLDST
GGGGSGGGGSGGGGS
SAWSHPQFEKGGGSGGGSGGSAWSHPQFEK


Supplementary table 1. A complete list of proteins identified by LC-MS/MS analysis as PD-1 interacting candidates across all PD-1 mutant variants employed in the experiment (wild-type, Y223F and Y248F). FCH=-inf refers to proteins, which were not detected in the empty vector control but only in samples with PD-1 overexpression.

	
	WT
	Y223F
	Y248F

	Protein
	FCH
	adj. p-value
	FCH
	adj. p-value
	FCH
	adj. p-value

	ADT3
	0.0536
	0.00248
	0.128
	0.0117
	0.0513
	0.00167

	AIFM1
	0.177
	0.000238
	0.115
	0.000399
	0.215
	0.000316

	AUP1
	0.285
	0.00644
	0.246
	0.00346
	0.313
	0.0095

	BAIP2
	-inf
	
	-inf
	
	-inf
	

	CEPT1
	0.0661
	0.000238
	0.114
	0.00162
	0.0511
	8.06E-05

	COQ5
	0.208
	0.00363
	0.204
	0.00374
	0.149
	0.000585

	COX15
	0.176
	0.0256
	0.152
	0.0117
	0.164
	0.0164

	DGLB
	-inf
	
	-inf
	
	-inf
	

	F210A
	0.214
	0.00181
	0.238
	0.00374
	0.209
	0.00141

	FAF2
	-inf
	
	-inf
	
	-inf
	

	GCN1
	-inf
	
	-inf
	
	-inf
	

	HEAT6
	-inf
	
	-inf
	
	-inf
	

	IMB1
	0.0698
	0.00294
	0.14
	0.0117
	0.0282
	0.000316

	IPO9
	-inf
	
	-inf
	
	-inf
	

	M2OM
	0.252
	0.0256
	0.258
	0.0211
	0.235
	0.017

	MAGT1
	0.286
	0.00515
	0.286
	0.00515
	0.269
	0.00181

	MIC13
	-inf
	
	-inf
	
	-inf
	

	MOES
	-inf
	
	-inf
	
	-inf
	

	MYCPP
	-inf
	
	-inf
	
	-inf
	

	PEX3
	0.125
	0.00778
	0.0932
	0.00534
	0.111
	0.00457

	PLPL6
	-inf
	
	-inf
	
	-inf
	

	PNKD
	0.182
	0.00363
	0.253
	0.0117
	0.301
	0.0168

	RAB21
	0.194
	0.00181
	0.304
	0.00783
	0.258
	0.00273

	RAB8A
	0.241
	0.000238
	0.271
	0.000399
	0.248
	0.000154

	RFC3
	0.278
	0.00634
	0.264
	0.00592
	0.242
	0.00296

	RNF5
	0.178
	4.49E-05
	0.271
	0.000368
	0.186
	1.99E-05

	S39AA
	0.0767
	0.00248
	0.0957
	0.00346
	0.0884
	0.00194

	SGPL1
	0.185
	0.0405
	0.166
	0.0218
	0.206
	0.0454

	SMIM4
	0.148
	0.00346
	0.321
	0.0117
	0.307
	0.00881

	SNG3
	0.283
	0.00432
	0.252
	0.00331
	0.247
	0.00142

	STML2
	0.283
	0.00515
	0.277
	0.00407
	0.29
	0.00489

	TI17A
	-inf
	
	-inf
	
	-inf
	

	TNPO1
	0.0748
	4.49E-05
	0.0817
	0.000147
	0.0413
	4.58E-06

	UFO
	-inf
	
	-inf
	
	-inf
	

	VKOR1
	-inf
	
	-inf
	
	-inf
	

	XPO2
	0.0886
	0.0102
	0.0706
	0.00534
	0.0417
	0.00167

	RAB34
	0.288
	0.0277
	
	
	0.202
	0.00457

	CLUS
	0.301
	0.0237
	
	
	0.205
	0.00296

	PRS6A
	-inf
	
	
	
	-inf
	

	SATT
	-inf
	
	
	
	-inf
	

	EXOSX
	-inf
	
	
	
	-inf
	

	SCD5
	-inf
	
	
	
	-inf
	

	SPRY4
	-inf
	
	
	
	-inf
	

	AAR2
	-inf
	
	
	
	-inf
	

	XPO1
	
	
	0.0958
	0.0117
	0.0569
	0.00309

	LEG1
	
	
	0.204
	0.0233
	0.0973
	0.00327

	TFR1
	
	
	0.208
	0.0276
	0.238
	0.0497

	SERA
	
	
	0.229
	0.0276
	0.249
	0.0442

	YIF1A
	
	
	0.242
	0.00555
	0.326
	0.0168

	H12
	
	
	0.244
	0.00405
	0.283
	0.00723

	AT1B1
	
	
	0.245
	0.00923
	0.248
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	NDUA9
	
	
	
	
	0.311
	0.0174
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Supplementary figure 6. Sequence alignments of PD-1 and AXL imply PD-1/AXL interaction and AXL conservation across multiple animal species. A) Phylogenetic tree of species selected for sequence alignment analysis generated using phyloT v2 online tool. PD-1 and AXL sequence alignment across selected mammalian species demonstrated B) moderate conservation of PD-1 sequence and PD-1 residues interacting with AXL C) high conservation of AXL sequence and amino acids involved in PD1-AXL interaction interface. Sequence alignment suggests that the interaction might be present in a broader range of species, implying that the interaction might be conserved across larger number of mammals. The interacting residues (marked with black arrows) were identified in the macromolecular docking analysis, which we performed for human proteins. The figure created with EMBL-EBI Job Dispatcher (Madeira et al. 2024).
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