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Supplementary Figure S1 — Potential of Mean Force (PMF) profiles calculated for each of the
studied PH domains binding to PIP3, using the starting structures from directly following the PDB
structure (magenta) or taken following simulation (black).
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Supplementary Figure S2 — Structure-based sequence alignment of PH domains used in this study. The fraction of
frames in which each residue is observed to make sidechain contacts (using a 0.6 nm cutoff with the PIP phosphate)
with PIP, reweighted to account for umbrella sampling restraints, are indicated in orange for ‘tightly’ (down) and
‘loosely’ (up) bound regions. Specific residues and the loop regions characteristic of A-site or C-site binding, as
determined from simulations, are indicated above or below the sequence in purple and green, respectively. Where
increased positive/polar residues in a given region correspond to a particular binding orientation, the mode number is
indicated (see main text Figure 7). Residues observed to contact PIP-analogues in the PDB structure are indicated by
purple (A-site) or green (C-site) boxes, using the following structures from the PDB: 2POD (ArhGAP9), 1BTN (-
spectrin), 5C79 (ASAP1), 1UNQ (AKT1), 1U27 (ARNO), 2Z0P (BTK), IFAO (DAPP1), 2LKO (Kindlin-2), IW1D
(PDK1), 1UPR (PEPP1), IMAI (PLCS1), 215C (Pleckstrin-C). Conserved secondary structure elements are indicated
below the sequence in black. For clarity, sequence regions with few contacts and poor alignment are not shown; the
number of residues omitted is indicated in square brackets.
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Supplementary Table S3.

Dissociation constants (Kp) and selectivities from experimental studies for each of the 12 PH
domains investigated in this study for PI(4,5)P> (or its analogues) and PIP; (or its analogues). The
selectivity is given as Kp""?/Kp"3, i.e. the PH domain is PIPs selective if this ratio is > 1. Studies
which were performed in a membrane environment are indicated by grey backgrounds. Values
obtained in the same study with different conditions are listed in the same cell. Results of
qualitative studies are indicated by fold selectivities “>1" (PIP; selective), ‘< 1’ (PIP; selective) or

‘=’ (non-selective).

Protein Method (reference) PIP2/analogue Kp PIP3/analogue Kp Fold selectivity
(uMm) (uMm) PIP3/PIP;
AG9 Fluorescence? 0.1 0.3 0.3
AKT SPR? >0.1 0.035 >3
SPR3 0.59
FRET* >10 0.023 > 430
SDS-Page® >1
Fluorescence® 1.2,2.5 1.5, 0.5 08,5
Fluorescence?! 9.1 0.13 70
Radiolabel’ >1
Radiolabel® >1
Overlay® >1
Overlay®® >1
Overlay!! =~
Microarray*? >1
ARNO SPR3 1.7
SDS-Page?? >1
ITCc4 4.15, 2.66 1.02, 1.64 4,1.6
Radiolabel®® >10 0.0693 >1
Radiolabel'® 1.6 =~
Overlay!! =
ASAP1 Co-sedimentation?’ 7
ITcY > 100
ITC® 75
Overlay!! =~
Overlay®® <1
BTK SPR20 >1
SPR3 0.08
ITc? 0.04
Radiolabel 0.015 >1
Radiolabel?? 0.8 >1
Radiolabel®® 0.04 >1
Overlay!! =~
B-spectrin SPR24 0.125 <1
SDS-Page?’ <1
CD shift?® 40 =
Microarray?’ 0.006
Overlay® =~
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Supplementary Figure S4 — Energy landscapes generated from umbrella sampling simulations
showing favourable PIP-binding angles as protein-lipid separation is varied from each of the
umbrella sampling simulations performed.
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Supplementary Figure S5 — Comparison of PIP»/PIP3 selectivities as obtained in this simulation
study (blue) and in reported experimental values (red/pink; see also Supplementary Table S3).
Results from experimental studies utilising a membrane environment are shown in red; other studies
are shown in pink. The quantitative selectivity is shown as the value of the ratio Kp"?/Kp""?3, i
the PH domain is PIP3 selective if this ratio is > 1. Quantitative results are represented by c1rcles;
arrows indicate upper/lower bounds determined where binding was not observed within the
detectable range of the experiment. Qualitative selectivity results are represented by squares placed
above (PIP; selective), below (PIP> selective) or along the centre line (non-selective) of the
selectivity plot. Errors are standard deviations.
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Supplementary Figure S6

The PIP-binding angle and R,, component of the rotational matrix is shown for all PH systems. The 'crystal'
and 'simulation' structures for each PH-PIP system (empty and filled in respectively) are linked by a line to
highlight the difference in initial configurations in each system. Selected example snapshots are shown
below, including the additional ArhGAP9 initial structure starting with a PIP molecule in the C-site, which
was generated by aligning the AthGAP9 PH domain with the AKT1 crystal initial structure.
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Supplementary Figure S7

Convergence analysis. PMF profiles at increasing time intervals are shown for all simulations, showing
convergence. Profiles were calculated for 400 ns slices with start times at 200 ns intervals and coloured from
yellow (start of simulation) to blue. In the simulation systems that the total simulation time was not divisible
by 200, the final profile is shown for 300 ns intervals rather than 400 ns.
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Supplementary Figure S8

The PMF profile (A) and PIP-binding angle relative to the protein lipid separation distance (B) are shown for
ArhGAP9 PH simulations which started with the PIP bound in the A-site (‘crystal’ and ‘simulation”) and the

C-site of the ArGAP9 PH.
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Supplementary Figure S9

Contour maps showing the binding modes of all PH domains in the ‘tight’ and ‘loosely’ bound regions. The
combined landscape for all systems is shown in grey in the background in each plot. The blue circles
represent binding modes that are shown in the Supplementary Figure S10. Note that the plots for the ‘tightly’
bound region are shown only of R, values from 0 to 1 because no binding modes were observed for R,
values in the from 0 to -1 region.

S11



other

‘Loosely’ bound region

FIFzonly
Aﬁ\h

Supplementary Figure S10

e L

6dYOUIY LMY ONYY LdvSY umoeds-g§ 18 ldd¥vd ZNIM iMad ldd3ad 2371d ulIsyoald

-
=4

512

shown in magenta. The binding modes correspond to the minima identified in our analysis in Supplementary

All of the PH/PIP binding modes that have been identified in our simulations. In all cases the PIP molecule is
Figure S9. Structures in boxes correspond to the lowest minima.



Table S11: Summary of umbrella sampling simulations. (c¢) denotes crystal and (s) simulation starting
configurations.

Protein PIP Initial .No. Window length Converge time Separation covered Location of well
windows (ns) (ns) (nm) (nm)
ArhGAP9 PIP2 c 25 3500 1000 1.25-4.05 1.44
] 26 3000 600 1.53-4.38 1.62
PIP3 c 26 3000 400 1.32-431 1.48
s 24 3000 600 1.50 -4.30 1.73
AKT1 PIP2 c 25 4000 600 1.39-4.19 1.56
s 24 4000 600 1.46 -4.15 1.61
PIP3 c 24 3500 200 1.35-4.17 1.53
s 24 4000 200 1.51-4.37 1.62
ARNO PIP2 c 27 2500 400 1.01 -4.02 1.50
s 25 2500 600 1.20 - 4.01 1.68
PIP3 c 24 2500 400 1.44-423 1.57
s 24 2500 400 1.37-4.17 1.54
ASAP1 PIP2 c 24 3500 800 1.34-4.15 1.77
C-site s 24 3500 400 1.62 -4.41 2.05
PIP3 c 24 3500 600 1.72-4.52 2.12
s 23 3500 600 1.41 -4.00 2.12
ASAP1 PIP2 c 26 4000 600 1.45-4.46 1.63
A-site s 24 4000 200 1.44-4.25 1.82
PIP3 c 26 4000 400 1.62 -4.67 1.79
s 24 4000 200 1.63-4.43 1.97
B-spectrin PIP2 c 24 4000 1800 1.02-3.83 1.25
s 24 4000 2400 0.92-3.72 1.31
PIP3 c 24 4000 600 0.85 - 3.64 2.36
s 23 4000 1000 1.56 -4.17 2.48
BTK PIP2 c 24 4000 1000 1.25-4.06 1.85
s 24 4000 1400 1.75-4.45 2.74
PIP3 c 27 4000 200 1.07 - 4.07 1.23
s 26 4000 1200 1.51-4.49 2.64
DAPP1 PIP2 c 24 2500 600 1.53-433 1.64
] 26 2500 600 1.09 - 4.09 1.19
PIP3 c 23 3000 800 0.78 - 3.38 1.11
s 24 3000 200 1.15-3.94 1.29
KIN2 PIP2 c 23 4000 400 1.22-3.82 1.60
] 23 4000 600 1.26 - 3.86 1.42
PIP3 c 24 4000 2400 1.19-3.89 1.45
s 23 4000 400 1.46-4.12 1.55
PDK1 PIP2 c 24 2500 400 1.62 -4.46 1.85
] 24 2500 1000 1.37-4.11 1.48
PIP3 c 24 3000 200 1.55-4.36 1.80
s 23 3000 600 1.29 -3.88 1.58
PEPP1 PIP2 c 24 3500 200 1.37-4.17 1.53
] 24 3500 200 1.16 -3.95 1.42
PIP3 c 26 3500 200 1.11-4.11 1.32
s 23 3500 1200 1.02 -3.63 1.22
PLCS PIP2 c 24 2500 200 1.48 -4.28 1.68
] 24 2500 200 1.52-4.34 1.61
PIP3 c 24 2500 600 1.37-3.97 1.79
s 24 2500 600 1.39-4.23 1.54
Plecstrin PIP2 c 25 3000 1200 1.04-3.93 1.10
] 24 3000 600 1.10-3.91 1.26
PIP3 c 23 3000 200 1.37-3.96 1.74
s 23 4000 600 1.53-4.02 1.91
AKTI1-E17K PIP2 - 26 1500 200 1.20-4.30 1.42
PIP3 - 26 1500 600 1.29 —4.27 1.50
GRP1 2xPIP3 - 24 2000 600 1.74 -4.53 1.86
AGY PIP3 C start 24 3000 1000 1.61 —4.33 1.72
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Table S12

Average number of interactions between the PIP molecules and the sidechain of residues in the ‘A site’, ‘C
site’ or any residue. A/C-site residues are defined based on the crystal structure of each PH domain and our
structural based alignment (Supplementary Figure S2). Multiple contacts between a residue/PIP phosphate
are only counted once, and backbone interactions are not considered. Errors are based on the two repeats
(crystal/simulation) for each system.

‘Tightly' bound region

‘Loosely' bound region

Protein PIP A site C site Total A site C site Total
ArhGAP9 PIP2 2.1+0.1 1.6 £0.1 49+0.3 1.0£0.2 0.4+0.1 24+£03
13 PIP3 20+0.3 1.2+0.9 52+03 1.3+0.1 0.4+0.1 2.8+03
AKTI1 PIP2 1.4+0.1 50+0.2 6.8+0.3 0.6+0.1 0.7+0.1 2.2+0.1
10 PIP3 1.1+£0.01 6.1 +0.1 7.7+0.1 0.6+0.2 0.8+04 2.6+0.6
ARNO PIP2 1.1+0.03 5.0+ 0.02 7.0£0.01 1.0+0.1 0.3+0.1 2.1+£0.2
PIP3 1.5+0.2 5.6 +0.8 8.2+ 03 1.4+£0.2 0.5+01 3.0+04

ASAP1 PIP2 1.4+03 20+04 52+0.2 03+0.1 0.3+0.1 1.0+0.3
PIP3 1.1+04 1.5+0.1 47+0.3 0.2+0.04 0.3+0.1 0.8+0.1
BSPEC PIP2 07+£03 2.5+0.1 58+0.2 1.8+0.2 0.5+0.2 3.1+£0.2
PIP3 1.6 +0.1 04+0.2 2.6+0.1 0.0+0.01 0.0 +0.01 0.0£0.01

BTK PIP2 0.1+0.2 1.8+1 43+£2 0.0£0.01 0.5+0.7 1.5+2
PIP3 0.1+£0.2 3.8+£2 6.6+2 0.0£0.04 1.3+1 29+£2
DAPP1 PIP2 0.8+0.1 57+0.5 7.0+0.5 0.3+£0.04 04+0.3 26+09
PIP3 0.8+0.01 73+0.5 85+0.5 0.3+£0.04 0.3+0.04 3.8+0.8

KIN2 PIP2 0.2+0.1 53+0.5 72+0.5 0.1+£0.01 1.2+04 29+03
PIP3 0.4+0.01 55+0.1 7.8 0.1 0.1£0.01 2.4+0.02 35+04

PDK1 PIP2 0.0£0.02 4.9+0.01 54+0.01 0.1+£0.01 1.6£0.5 26+03
PIP3 0.0£0.02 40+£04 43+£04 0.0£0.01 1.5+0.1 23+02

PEPP1 PIP2 0.1 £0.04 5.1+0.1 6.0+0.3 0.6 £0.01 03+0.2 2.5+0.1
PIP3 0.3+0.3 6.1x£1 7.5+0.7 0.7+0.1 1.0+1 3.1+0.3

PLCD PIP2 0.0+0.02 53+0.7 73+0.5 0.1+0.1 1.3+0.3 26+03
PIP3 0.1 +0.03 54+0.1 7.8+0.1 0.1+0.1 1.6+04 29+0.6
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PLEC

PIP2

PIP3

0.7+0.04

0.8+0.1

5.2+0.04

46+0.3

6.1 +0.02

5.7+0.2

1.8+0.5

1.0+£0.2

0.6+0.1

0.3+0.1

3.0+0.4

1.5+0.3
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Table S13

Identification of binding as being ‘A’ and/or ‘C’ site, from contact analysis, PIP binding angle analysis, and
the final overall orientation — showing the general agreement between these different analyses. A
protein/lipid system was considered to have an A/C binding mode if the fraction of total sidechain contacts
with corresponding residues (‘from contacts’; based on Table S12) or the (unbiased) fraction of frames with
PIP-binding angles in the corresponding ranged (‘from angle’) was greater than 0.33 (after averaging
between the two repeats (crystal/simulation) for a system); in brackets indicates the fraction was greater than
0.2. Angle ranges were -5 to 50 for A and -60 to -5 for C. ? indicates that the analyses suggest different
binding sites.

‘Tightly' bound region ‘Loosely' bound region
Protein PIP cfl::alzlts :ﬂgﬂ Overall cfnrt‘::ts :ﬂgﬂ Overall

ArhGAP9 PIP2 AC AC AC A A A
PIP3 A(C) (AC) AC A A A

AKTI PIP2 (A)C C C (AC) (AC) AC

PIP3 C C C (AC) (AC) AC
ARNO PIP2 C C C A (AC) A
PIP3 C C C A (AC) A
ASAP1 PIP2 (A)C (A)C AC (AC) (C) C
PIP3 (AC) (AC) AC | (AC) (0©) C
BSPEC PIP2 C (A)C C A A A
PIP3 A A A (A) - -
BTK PIP2 C C C (C) A(C) A
PIP3 C C C C (A) A
DAPP1 PIP2 C C C - - -
PIP3 C C C - - .
KIN2 PIP2 C C C C (AC) C
PIP3 C C C C (A)C C
PDK 1 PIP2 C C C C A(C) S
PIP3 C C C C A(C) S
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PEPPI PIP2 C (A) (A) A
PIP3 (A)C (AC) (AC) | AC

PLCD PIP2 C C C C
PIP3 C C C C

PLEC PIP2 C A (C) S
PIP3 C A (C) S
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Table S14: Biological roles of the PH domains studied.

Protein Function Role of PH domain PDB id
ArhGAPY9 GAP activity at inner plasma; involved May recruit/binding to plasma membrane 2POD
in adhesion
AKT1 Kinase activity as part of many Recruit to the inner plasma membrane in response ~ {UNQ
signalling pathways including apoptosis, upstream signalling (changing PIP concentration)
proliferation, migration, glucose
metabolism PIP binding causes conformational change that
enables activation
Localise to membrane, alongside activator and
targets
ARNO GEF activity at inner plasma membrane; Assist in recruiting protein to membrane 1027
involved in cytoskeletal remodelling,
adhesion, migration PIP binding activates enzyme
ASAP1 GAP activity at inner plasma membrane; May assist in anchoring protein to membrane 2C79
involved in cytoskeletal remodelling
PIP binding increases enzyme activity
B-spectrin Structural protein (cytoskeleton) Assist in anchoring to membrane 1BTN
BTK Kinase activity as part of B-lymphocyte Recruit to the inner plasma membrane in response ~ 2Z0P
development and signalling pathways upstream signalling (changing PIP concentration)
Localise to membrane, alongside activator
DAPP1 Adaptor protein — assists the assembly of ~ Recruit to the inner plasma membrane in response ~ /FAO
protein complexes; involved in adhesion upstream signalling (changing PIP concentration)
Localise to membrane, alongside targets
KIN2 Activation of integrins; involved in cell Assist in recruiting to plasma membrane 2LKO
adhesion
PDK1 Kinase activity in signalling pathways Recruit to the inner plasma membrane in response ~ [WI1D
including cell survival, proliferation, upstream signalling (changing PIP concentration)
adhesion, glucose metabolism
Localise to membrane, alongside targets
PEPP1 Not known 1UPR
PLCo Phospholipase activity, producing second ~ Recruit to membrane where substrate is located IMAI
messengers IP, and DAG
Pleckstrin Actin organisation Localise to membrane, where it is activated 215C
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