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Figure S2Density profiles of different lipid head moieties and ™/
hydrogen bonded to those moieties along the bilayer noried.
profiles are averaged over 10 sets of a) 100 ps and b) 1 ns gtingen
Different classes of IWB are confined close to the peak location of
N and form hydrogen bonds to oxygens of P, Carb, Glyc. Witletim
the IWHB molecules diffuse towards bulk water (BW) region.



Table S1Time-scales when IW¥8 molecules enter sub-diffusive regime for 10 independetstesgch with 1 ns run length.

Beads h tb t3 t3 t5 tg t7 tg tg tio

(ps) (ps) (ps) (ps) (ps) (ps) (ps) (ps) (ps) (ps)
IWHE 6.07 511 575 651 502 508 7.86 551 658 537
IW-CO"B  6.94 593 622 7.06 571 556 856 568 670 603
IW-GlycHB 6.26 522 605 811 560 589 1070 587 674 611
IW-PO"B  6.14 506 574 646 373 510 744 545 634 531

Table S2Time-scales when IWmolecules enter sub-diffusive regime for 10 independetstesch with 1 ns run length.

Beads t; to i3 7] 5 i ty g o t10
(Ps) (ps) (ps) (ps) (ps) (ps) (ps) (ps) (ps) (ps)
IW-COY 1261 1090 1162 1298 1178 969 1063 1336 1242 1283
IW—Gchd 1291 1077 1117 1251 876 1216 818 1182 1349 1080
IW-PO? 7.87 738 724 601 730 636 607 718 686 724
IW-Nd 6.51 578 545 496 637 571 532 600 548 591

Table S3Time-scales when DMPC beads enter sub-diffusive regim&@andependent sets each with 1 ns run length.

Beads t; to i3 |7} t5 ts t7 g t9 tio

(Pps) (ps) (ps) (Ps) (ps) (ps) (ps) (ps) (ps) (ps)
Carhyeaq 16929 8570 19922 15631 17501 19671 15436 18735 14732 9192
GlyCheaq 180.70 9743 21887 16534 28977 21772 17755 19995 16409 30262
Pread 11860 7377 16212 12727 13401 14751 13188 12611 10799 18972
Nheag 73.04 8992 8345 8344 7728 8829 8130 8022 6970 8681
Blvail 7319 8714 7766 7766 7182 8390 7104 8410 7352 9325
B2 1893 1938 1865 1865 1959 1926 1879 1902 1963 1801
B3rail 297 311 286 286 293 282 284 296 290 307

Table S4Fitting parameters of SISFs of all classes offfVand BW calculated ax = 0.6 nm. Correlation coefficients were0.99.

Region 15 fo 1o Ba fo 1 B
(ps) (ps) (ps)

IwN 0.24 050 349 091 045 4300 062
IW-POHB  0.21 041 340 093 058 2442 051
IW-COHB  0.25 036 403 094 059 3154 053
IW-GlycHB 0.22 033 390 099 064 3064 054
BW 0.10 090 354 094

Table S5Fitting parameters of SISFs of all classes offl¢alculated aA = 0.6 nm. Correlation coefficients were0.99.

Region 15 fqo Ta Pa fo T B
(ps) (ps) (ps)

IW-N9 0.2 053 359 089 042 44 064
IW-PO® 028 052 50 076 041 62 064
IW-Glyc? 0.54 059 160 047 0361 100 064
IW-COY 0.84 063 2114 047 033 10604 063




Table S6Fitting parameters of SISFs of all classes offf\at A = 0.3 nm. Correlation coefficients were0.99.

Region s fo Ta Ba fo U P
(ps) (ps) (ps)

IwHB 0.16 046 107 090 031 7.92 055
IW-POHB  0.16 050 097 085 030 802 051
IW-CO"B  0.19 042 090 080 036 800 054
IW-GlycHB 0.18 042 091 082 036 823 054

Table S7Fitting parameters of SISFs of all classes offl¢alculated aA = 0.3 nm. The fittings ofts are comparatively poor to the ones at
higherA to obtain physically meaningful parameters. Correlatioefficients were>0.99.

Region s fo T Ba fo ©u B
(ps) (ps) (ps)

IW-NY  0.20 052 1097 Q74 023 1147 062
IW-PO? 0.22 051 150 066 0235 1609 062
IW-Glycd 0.27 063 2419 0456 Q18 2782 062
IW-COY 0.30 080 390 041 006 295 0.62

Table S8Scaling factors for fig. 13 (a) -(i)

Region| DMPC | A =0.80 nm A =0.60 nm A =0.30nm
IwHB Iwd | jwHB Iwd | jwHB Iwd
(@)-(c) N 1.00 1.00 100 | 1.14 100 | 1.00 100
Ts P 1.08 1.10 221 | 1.10 140 | 1.10 110
Glyc 1.31 1.10 304 | 1.04 270 | 1.25 135
Carb | 1.36 1.02 505 | 1.19 420 | 1.18 150
(d)-() N 1.00 1.00 100 | 1.02 100 | 1.18 100
Tq P 1.33 1.41 141 | 1.00 139 | 1.07 137
Glyc 1.93 1.33 302 | 1.14 445 | 1.01 221
Carb | 2.04 1.24 771 | 1.18 596 | 1.00 357
(9)-() N 1.00 1.00 100 | 1.76 100 | 1.18 100
1«(DMPC) | P 1.33 1.04 140 | 1.00 140 | 1.01 140
1 (IW) Glyc 1.93 1.20 240 | 1.25 227 | 1.03 142
Carb | 2.04 1.07 288 | 1.29 240 | 1.01 257




10— =y L N
F + Carb 081« i ]
0.6 w-co™ Towards hydrophobic
1k 1 = IW—GlycHB core
: 0.4 HB -
v IW-PO
7 [+ BW
g 0.2~ - Fitting -
!: r N
~ 0.1 —_ el el P ——"
o} = fo1 0.1 1 10 100 1000
Q N I T T TorrrTT TorTTTT o
%) =3 0s : S i
8, b)
20-01 E F IW'COdd Towards hydrophobi(c ) 1
: 0.6 * IW-Glyc 9 core .
L d 4
* IW-PO
0.001 . 0.4-— N IW-Nd -_
. 2 3 BW
B L L L ] 0'2_———Fitting \ ]
0.1 1 10 100 1000 st N
Time (ps) Jor 0.1 I 10 100 1000
Time (ps)
Figure S3Two dimensional translational mean square displacement
(MSDxy) of all beads of DMPC, IWB and BW. Figure S5SISF for all classes of a) IV, b) IW? atA = 0.60 nm.
IW-CO9 molecules buried deep in the hydrophobic core relax
slowest.
r .G — " T T T T T T T T T ]
:_ aussian gsm : )
< w™ [=54s A
1F - B3y, E 0.8 D 1
F . B2, 3 Fo* IW-N 1
[ ail ] 0.6F . HB _
[ - Bl 1 O+ W-Cco . ]
[N ] 04k - IW—GlycHB Towards hydrophobic ]
B | b wepo'™ core 1
;- 0.1+ Glyc E 0.2F _. Fitting ]
< F Carb E = 0- L 1
F ] o
© [ ] = lF=sgr
= r (®) 1
r 1 0.8 ) =
0.0 . o6k * IW-CO ) ]
L * IW-Glyc Towards hydrophobic i
L ] 04F * W-p0! core -
L ] L a )
. ° IW-N
& 0'2__ —- Fitting j
O'OOEJ L : T T BRI R \
-0.8 -06 -04 -02 0 0.2 0.4 0.6 0.8 do1 0.1 1 10 100 1000
X (nm) Time (ps)

Figure S40ne dimensional van Hove correlation function of DMPCrigure S6 SISF for all classes of a) I, b) Iwd atA = 0.30 nm.
beads and IWB. End beads of lipid tails have minimum deviations W.-cod molecules buried deep in the hydrophobic core relax

from Gaussianity. slowest.



