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Fig S1. Secondary structure prediction of Lck-SH4-U, membrane binding of individual
Lck-SH domains, and electrostatics of the kinase domain. (A) Secondary structure
prediction of Lck-SH4-U by PSIPRED 4.0 server. (B) Non-normalized number of contacts
between Lck and lipid headgroups versus time averaged from all 20 CGMD simulations from
the Lck-FL open (left) and Lck-FL closed simulations (right). (C) Residues in the kinase
domain forming a flat cationic patch. Their electrostatic profile was calculated using in the +5
kT/e range and at pH 7.0 using the PDB2PQR and APBS tools. Electronegative and
electropositive regions are indicated by red and blue intensities respectively. (D) Distance
between the center of mass (COM) of protein to COM of membrane in all 20 simulation
replicates: SH4-U (cyan), SH3 (green), SH2 (orange), Lck-SH2,3,4-U (maroon). The most
observed membrane-bound orientations of the individually simulated Lck-SH domains are
also shown. Residues interacting most with the membrane in these simulations are labelled.
(E) Average number of frames in the individual Lck-SH simulations that the protein stayed
unbound (red) or bound (green) to the membrane. (F) A snapshot from one of the Lck-
SH2,3,4-U simulations highlighting the binding pocket of the SH4 lipid tails (near the SH2-
SH3 linker loop region) when they did not insert into the membrane.
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Fig S2. A comparison of lipid interactions of Lck-FL open and closed conformations in
the presence and absence of PIP lipids in the membrane. (A) Normalized lipid interactions
calculated from the Lck-FL open, closed, and open (mut5) simulations in the presence of PIP
lipids and (B) absence of PIP lipids in the membrane. (C) Distance between the center of
mass (COM) of Lck-FL and COM of the membrane versus time in the presence (left) and
absence of PIPs (right) in the membrane. The line drawn at 1 s is to indicate that Lck-FL
binds to the membrane by this point in time in all simulations. (D) The normalized radial
distribution function (RDF) of all lipid types around Lck-FL calculated throughout the
simulation time from all 20 CGMD simulations combined. The RDF data enables comparison
between Lck-FL open and closed conformations, and also between the presence and absence
of PIPs in the membrane. The RDF is normalized by the total number of lipids in the
membrane of that system to enable comparison between the open and closed conformations
of Lck-FL.
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Fig S3. The membrane-bound orientation of the Lck-SH2 domain in the Lck-FL open
conformation in the presence of PIPs in the membrane (A) as shown from all CGMD
simulations combined and (B) in each CGMD simulation replicate individually. In all these
plots, the X axis represents the ZZ component of the rotational matrix of the protein, and the
Y axis represents the distance between the center of mass of the protein and the center of
mass of the membrane along the Z axis (perpendicular to the membrane).
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Fig S4. The membrane-bound orientation of the Lck-SH2 domain in the Lck-FL closed
conformation in the presence of PIPs in the membrane (A) as shown from all CGMD
simulations combined and (B) in each CGMD simulation replicate individually. In all these
plots, the X axis represents the ZZ component of the rotational matrix of the protein, and the
Y axis represents the distance between the center of mass of the protein and the center of
mass of the membrane along the Z axis (perpendicular to the membrane).



CLUSTAL (1.2.4) Miltiple Sequence Alignnent

P06241| Fyn GCVQCKDKEATKLTEERDGSLN- - - QSSGYRYGTDPTPQ 36
P12931| Src GSNKSKPKDASQ- - - - RRRSLEPAENVHGAGGGAFPASQ 35
P07947| Yes CCl KSKENKSPAI KYRPENTPEPVSTS- VSHYGAEPTTV 38
P06239| Lck ~ --------- C--------- GCSSHPEDDW - - - - - - MENI DVCENCHYPI VPLDGK- - 32
P08631| Hck GGRSSCEDPGCPRDEERAPRMGCMKSKFLQVGG: - N- TFSKTETSASPHCPVYVPDPT- - 55
P25911| Lyn = s----iemiiooo- CGCl KSKRKDNLNDDE- VDSKTQPVRNTDRTI YVRDPT- - 36
* .
P06241| Fyn HYPSF- - - - - - - GV- TSI PNYNNFHAAGGQGL TVFGGVYNSSSHTGTLRT- - - - RGGTGVT 84
P12931| Src TPSKPASADGHRGPSAAFAPA- - - - - - - AAEPKLFGGFNSSDTVTSPQR- - AGPLAGGVT 86
P0O7947| Yes SPCP- - - SSSAKGTAVNFSSL SMIPFGGSSGVTPFGGASSSFSVWPSSY- - PAGLTGGVT 93
P06239| LCK s mmmemme oo GTLLI RNGSEVRDPLVTYEGSNPPASPLQDN 63
PO8631| HCK - mmmmmm oo STI K- - PGPNSHNSNTPG R- - - - EAGSEDI 80
P25911| LyN s mmmmmmmemmmmmmo oo SNKQ - QRPVPEFHL LPGQRFQTKDPEEQGD 65
P06241| Fyn LFVALYDYEARTEDDL SFHKGEKFQ LNSSEGDWAEARSLTTGETGYI PSNYVAPVDSI Q 144
P12931| Src TFVALYDYESRTETDLSFKKGERLQ VNNTEGDWAL AHSL STGQTGYI PSNYVAPSDSI Q 146
P07947| Yes | FVALYDYEARTTEDL SFKKGERFQ | NNTEGDWAEARS| ATGKNGY! PSNYVAPADSI Q 153
P06239| Lck LVI ALHSYEPSHDGDL GFEKGEQLRI LE- QSCEWNKAQSLTTGQEGHI PFNFVAKANSLE 122
P08631| Hck | VWWALYDYEAI HHEDL SFQKGDQWVLE- ESGEWAKARSLATRKEGY! PSNYVARVDSLE 139
P25911| Lyn | WALYPYDG HPDDL SFKKGEKMKVL E- EHGEWAKAKSL SSKREGFI PSNYVAKVNTLE 124
CEEe ke T Rekk kokes. koEE ki kE -
P06241| Fyn AEEWYFGKL GRKDAERQLL SFGNPRGTFLI RESETTKGAYSL SI RDWDDMKGDHVKHYKI 204
P12931| Src AEEWYFCGKI TRRESERLLLNAENPRGTFLVRESETTKGAYCL SVSDFDNAKGLNVKHYKI 206
P07947| Yes AEEWFGKMERKDAERL LLNPGNQRG FLVRESETTKGAYSLSI RDWDEI RGDNVKHYKI 213
P06239| Lck PEPWFFKNL SRKDAERQLLAPGNTHGSFLI RESESTAGSFSL SVRDFDONQGEVVKHYKI 182
P08631| Hck TEEWFFKG SRKDAERQLLAPGNMLGSFM RDSETTKGSYSL SVRDYDPRQGDTVKHYKI 199
P25911| Lyn TEEWFFKDI TRKDAERQLLAPGNSAGAFLI RESETLKGSFSL SVRDYDPMHGDVI KHYKI 184
KoKk ke kk kR Kk keokekks koo kks ke k ks kEEEE
P06241| Fyn RKLDNGGYYI TTRAQFETLQQLVQHYSERAAGL CCRLVVPCHKGVWPRLTDLSVKTKDVWE 264
P12931| Src RKLDSGGFYI TSRTQFNSLQQLVAYYSKHADGL CHRLTTVCPTSKPQTQGL - - - AKDAVE 263
P07947| Yes RKLDNGGYYI TTRAQFDTLQKLVKHYTEHADGL CHKL TTVCPTVKPQTQGL- - - AKDAVE 270
P06239| Lck RNLDNGGFY!I SPRI TFPGLHEL VRHYTNASDGL CTRL SRPCQTQKPQKPW - - - WEDEWE 238
P08631| Hck RTLDNGGFYI SPRSTFSTLQEL VDHYKKGNDGL CQKL SVPCMSSKPQKPW - - - EKDAWE 255
P25911| Lyn RSLDNGGYY! SPRI TFPCI SDM KHYQ((BDG_CRRLEKACI SPKPQKPW - - - DKDAVE 240
Kok kEe ke % P T .
P06241| Fyn | PRESLQLI KRLGNGQFGEVWWIGTWANGNTKVAI KTLKPGTMSPESFLEEAQ MKKLKHDK 324
P12931| Src | PRESL RL EVKL GQGCFGEVWVGTWNGT TRVAI KTLKPGTMSPEAFL QEAQVMKKLRHEK 323
P07947]| Yes | PRESLRL EVKL GQGCFGEVWWGTWNGT TKVAI KTLKPGTMVPEAFL QEAQ MKKLRHDK 330
P06239| Lck VPRETLKL VERL GAGQFGEVWMGY YNGHT KVAVKSL KQGSMSPDAFL AEANL MKQLQHQR 298
P08631| Hck | PRESL KL EKKL GAGQF GEVWWAT YNKHTKVAVKTMKPGSMBVEAFL AEANVMKTLQHDK 315
P25911]| Lyn | PRESI KL VKKL GAGQF GEVWWMGY YNNSTKVAVKTLKPGTMSVQAFL EEANLMKTLQHDK 300
CkEe sk skk ok KRREEH ok K kKo ks k Kok oAk KEe Kk Kk
P06241| Fyn LVQLYAWS- EEPI YI VTEYMNKGSL L DFLKDGEGRAL KL PNL VDVAAQVAAGVAYI ERM 383
P12931| Src LVQLYAWS- EEPI YI VTEYMSKGSLLDFLKGETGKYLRLPQLVDVAAQ ASGVAYVERM 382
P07947]| Yes LVPLYAWS- EEPI YI VTEFMSKGSL L DFLKEGDGKYLKLPQLVDVAAQ ADGVAYI ERM 389
P06239| Lck LVRLYAWT- QEPI YI | TEYMENGSLVDFLKTPSG KLTI NKLLDVAAQ AEGVAFI EER 357
P08631| Hck LVKLHAWT- KEPI YI | TEFMAKGSLLDFLKSDEGSKQPLPKLI DFSAQ AEGVAFI EQR 374
P25911| Lyn LVRLYAWTKEEPI YI | TEFMAKGSLLDFLKSDEGGKVLLPKLI DFSAQ AEGVAYI ERK 360
Kk ke kkk. o kkkAk- Kk k - kkk. kkkk ok C ke ke o kke ok Akke ok
P06241| Fyn NY! HRDLRSANI LVGNGLI CKI ADFGLARLI EDNEYTARQGAKFPI KWTAPEAALYGRFT 443
P12931| Src NYVHRDLRAANI LVGENLVCKVADFGLARL | EDNEYTARQGAKFPI KWTAPEAALYGRFT 442
P07947| Yes NY! HRDLRAANI LVGENLVCKI ADFGLARLI EDNEYTARQGAKFPI KWTAPEAALYGRFT 449
P06239| Lck NY! HRDLRAANI LVSDTLSCKI ADFGLARLI EDNEYTAREGAKFPI KWTAPEAI NYGTFT 417
P08631| Hck NY! HRDLRAANI LVSASLVCKI ADFGLARVI EDNEYTAREGAKFPI KWTAPEAI NFGSFT 434
P25911]| Lyn NY! HRDL RAANVLVSESL MCKI ADFGLARVI EDNEYTAREGAKFPI KWTAPEAI NFGCFT 420
Kk KRERR KKo KKk Kk KKARRRKo KKKKARR KK KKKKARRKKKKKE -k Kk
P06241| Fyn | KSDWASFG LLTELVTKGRVPYPGWNNREVL EQVERGYRMPCPQDCPI SLHELM HCVK 503
P12931| Src | KSDWASFG LLTELTTKGRVPYPGWNREVL DQVERGYRMPCPPECPESLHDLMCQCVR 502
P07947| Yes | KSDYWASFG LQTELVTKGRVPYPGWNREVL EQVERGYRMPCPQGCPESLHELMNLCVK 509
P06239| Lck | KSDYWWSFG LLTEI VTHGRI PYPGMTNPEVI QNLERGYRWRPDNCPEELYQLMRLCVK 477
P08631| Hck | KSDWASFG LLMEI VTYGRI PYPGVSNPEVI RALERGYRMPRPENCPEELYNI MVRCVIK 494
P25911]| Lyn | KSDWASFG LLYE! VTYGKI PYPG?TNAD\/NSALSQSYRNPRNENO’DELYDI MKMCVIK 480
L T T Kk ke ox Rk
P06241| Fyn KDPEERPTFEYLQSFLEDYFTATEPQYQPGENL 536
P12931| Src KEPEERPTFEYLQAFLEDYFTSTEPQYQPGENL 535
P07947| Yes KDPDERPTFEYI QSFLEDYFTATEPQYQPGENL 542
P06239| Lck ERPEDRPTFDYLRSVLEDFFTATEGQYQPQP- - 508
P08631| Hck NRPEERPTFEY!I QSVLDDFYTATESQYQQQP- - 525
P25911| Lyn EKAEERPTFDYLQSVLDDFYTATEGQ{QQQP 511
SREEEKL K Rokio ki k% KKK
Percent Identity Matrix - created by Custal 2.1
Fyn Src Yes Lck Hck Lyn
Phylogenetictree ~ s-seeeeeee e
P06241| Fyn 100. 00 70. 88 73.63 57.52 60. 48 57. 65
P12931| Src 70.88 100.00 75.52 54.76 58. 05 54. 65
— P07947| Yes  73.63 75.52 100.00 56.26 62.03 57.20
P06239| Lck [ 57.52 54.76 56.26 100.00 66. 33 63. 49
—E P08631| Hck 60. 48 58. 05 62. 03 66.33 100. 00 72.22
P25911| Lyn 57.65 54. 65 57.20 63. 49 72.22 100.00
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Fig S5. Multiple sequence alignment and the identity of the full-length Lck with other
members of the Src family of kinases. (A) Multiple sequence alignment, obtained by
Clustal Omega, highlighting the residues in the SH2 and kinase domains that mediated Lck-
PIP interactions. These residues are observed to be conserved. Note that the myristoylated G2
residue is considered as the first residue, hence all residues are shifted one position behind
i.e., ‘n-1’. Refer Fig 3E to visualize the primary and secondary PIP lipid binding sites of Lck-
SH2. The figure shown on the right is a cartoon representation of the kinase domain with
significant PIP contacting residues shown as magenta spheres, and potentially contacting
residues shown as grey sticks. (B) Schematic phylogenetic tree showing the evolution of Src
family of kinases and their identity matrix (calculated in %). This suggests that Lck is most
similar to Hck compared to other Src family members. The protein sequences were obtained
from Uniprot (whose IDs are listed beside the respective protein names).

Movies

S1 Movie. CGMD simulation displaying insertion of myristoylated and palmitoylated
lipid tails of the SH4 domain into the membrane. Phospholipid tails are shown as
transparent grey spheres and their headgroups as transparent coloured spheres (POPC: brown,
POPE: purple, PIP,: orange, PIP3: red). The myristoylated and palmitoylated residues are
shown as yellow and red ball and sticks respectively. Lck-SH4-U backbone is shown as white
bonds, and its PIP lipid binding residues R39, R45 are shown as blue surfaces.



