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Detailed Structural Information

Lipid areas and other bilayer structural parameteesdmtermined through the simultaneous
analysis of Xray and neutronsmaingl e scattering data that was
[Biophys. J. 95, 2356 (2008)Briefly, a scattering density profile (SDP) model of the lipid
bilayer is constructed using three Gaussians to describe the PC head group (i.e. CG — carbonyl

and glycerol groups, PCN — phosphate and part of the choline, CholCH3; — the remainder of the
choline), and an error function to represent the entire hydrocarbon chain region (i.e. sum of the
CH,, CH and CHj; groups). The CH and CHj groups are each described by a single Gaussians,
which are then subtracted from the error function to obtain the CH, distribution. The water
distribution is not defined by any particular function, rather it is calculated on the basis of the
“complementarity” principle, whereby all of the probabilities add up to one. In this way, the
model captures all of the features from the different SDPs, while satisfying the spatial
conservation principle.

The experimental data used in the analysis are shown in the left hand side of each figure. These
consist of X-ray scattering (A) and contrast varied neutron scattering form factors (B) obtained,

in most cases, from unilamellar vesicles (ULVs), while for some lipids the analysis also included
X-ray data previously obtained using stacks of oriented (ORI) bilayers [N. Kucerka et al.,
Bi ophys J 88, 2626 (2005) ; N . Kul erka ey al .,
Mem. Biol. 2083, 193202 (2006); S. TristrarNagle etal., Chem. Phys. Lipids 163, 630
(2010). The graphs on the right hand side of each figure show the calculated electron density
(ED) (C), neutron scattering length density (NSLD) (D), and volume probability (E) profiles for
each lipid bilayer, at a given temperature. The attached tables contain the complete list of
structural parameters obtained using the SDP model [the double asterisks (**) denote “hard”
constrained parameters and single asterisks (*) denote “soft” constrained parameters with a target
value given in parentheses].



1,2-dilauroyl -sn-glycero-3-phosphatidylcholine (diC12:0PC, DLPC)
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Figure S1:

DLPC bilayers at 3.
X-ray data were obtained
using both ULV and ORI

(gray data points)
samples hydrated with
H,O, while neutron
scattering d&a  were
obtained from ULVs in
different HO/D,0O
solutions.

Figure S2:

DLPC bilayers at AT.
X-ray data were obtained
using ULVs in HO,
while neutron scattering
data were obtained from
ULVs in different
H,O/D,0 solutions.

Figure S3:

DLPC bilayers & 30°C.
X-ray data were obtained
using ULVs in HO,
while neutron scattering
data were obtained from
ULVs in different
H,O/D,0 solutions.

Figure S4:

DLPC bilayers at 5.
X-ray data were obtained
using ULVs in HO,
while neutron scattering
data were btained from
ULVs in different
H,0/D,0 solutions.
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Figure S5:

DLPC bilayers at 6.
X-ray data were obtained
using ULVs in HO,
while neutron scattering
data were obtained from
ULVs in different
H,O/D,0 solutions.
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Tab. S1:DLPC bilayer parameters the appropriate ni t s (j) for | engt h,
(uncertaintyof +/- 2%).
Figure S1 S2 S3 S4 S5
Temp 30°C 20°C 30°C 50°C 60°C
VL 991** 984 ** 991** 1004** 1011**
VL 331 331** 331** 331 331
Ree (0.48) 0.41*| (0.48) 0.42*( (0.48) 0.42*| (0.48) 041* | (0.48) 0.42*
Reen | (0.27) 0.28*| (0.27) 0.26*| (0.27) 0.26*| (0.27) 0.26*| (0.27) 0.27*
r (1.93) 1.95*%| (1.93) 1.93*( (1.93) 1.95*( (1.93) 1.95*| (1.93) 1.96*
ri2 N/A N/A N/A N/A N/A
Dg 32.6 33 32.6 31 30.7
Dun 29.8 30 29.6 29.6 29.6
2Dc 21.7 21.9 21.7 20.8 20.6
Dh1 4.06 4.04 3.93 4.44 4.47
A 60.8 59.6 60.8 64.8 65.9
Zco 11.8 11.9 11.8 11.5 11.4
Uce 2.51 2.5 2.45 2.59 2.59
ZpCN 15.9 16.4 15.8 15.6 154
Upcn 2.52 2.82 2.63 2.42 2.32
ZcholCH3 18.1 18.5 17.5 17.5 17.3
CcholcHs 2.98** 2.98** 2.98** 2.98** 2.98**
ZcH N/A N/A N/A N/A N/A
Cch N/A N/A N/A N/A N/A
Ouc | (2.44) 2.47*| (2.44) 2.47*| (2.44) 2.45*| (2.44) 2.46*| (2.44) 2.47*
Cchs 2.42 2.22 1.64 1.35 1.35
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1,2-dimyristoyl -sn-glycero-3-phosphatidylcholine (diC14:0PC, DMPC)
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Figure S6:

DMPC bilayers at 3{C.
X-ray data were obtained
using both ULV and ORI
(gray data points)
samples hydrated with
H,O, while neutron
scattering data were
obtained from ULVs in
different HO/D,O
solutions.

Figure S7:

DMPC bilayers at 3.
X-ray data werebtained
using ULVs in HO,
while neutron scattering
data were obtained from
ULVs in different
H,O/D,0 solutions.

Figure S8:

DMPC bilayers at 5{C.
X-ray data were obtained
using ULVs in HO,
while neutron scattering
datawere obtained from
ULVs in different
H,O/D,0 solutions.

Figure S9:

DMPC bilayers at 61C.
X-ray data were obtained
using ULVs in HO,
while neutron scattering
data were obtained from
ULVs in different
H,0/D,0 solutions.



Tab. S2:DMPC bilayer parameters the appropriatenits § ) f
(uncertaintyof +/- 29%).

Figure S6 S7 S8 S9
Temp 30°C 30°C 50°C 60°C
A 1100** 1100** 1115** 1123**
VL 331 331** 331** 331**
Rce | (0.48) 0.42*| (0.48) 0.42*| (0.48) 0.43*| (0.48) 0.42*
Reen | (0.27) 0.29*%| (0.27) 0.28*| (0.27) 0.29* | (0.27) 0.29*
r (1.93) 1.92*| (1.93) 1.94*|( (1.93) 1.93*| (1.93) 1.93*
12 N/A N/A N/A N/A
Dg 36.8 36.7 35.2 34.2
Dun 34.9 34.5 32.2 32.2
2Dc 25.7 25.7 24.8 24.1
Dn1 4.61 4.44 3.73 4.02
A 59.8 59.9 63.3 65.7
Zco 13.6 13.6 13.2 13
ce 2.31 2.37 2.43 2.5
ZpCN 18.1 18.3 17.2 17
Upcn 2.42 2.69 2.77 2.62
ZcholCH3 18.9 19 18.2 17.9
OchoicHa | ~ 2.98** 2.98** 2.98** 2.98**
ZcH N/A N/A N/A N/A
Cch N/A N/A N/A N/A
Onc | (2.44) 2.45%| (2.44) 2.46%| (2.44) 2.45*%| (2.44) 2.45*
UcHa 2.37 2.55 1.93 1.92
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1,2-dipalmitoyl -sn-glycero-3-phosphatidylcholine (diC16:0PC, DPPC)
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1,2-distearoyl-sn-glycero-3-phosphatidylcholine (diC18:0PC, DSPC)
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Tab. S3: DPPC bilayer parameters irthe Tab. S4:DSPC bilayer parameterstine
appropriateu ni t s (| ) for | e n g appropriagurneiat sand )v éd louw mé e n ¢
(uncertaintyof +/- 2%). volume (ncertaintyof +/- 2%).
Figure S10 S11 S12 Figure S13
Temp 50°C 50°C 60°C Temp 60°C
A 1228.5** 1228.5** 1237.5** Vi 1348**
\V 331** 331** 331** VL 331**
Rce | (0.48) 0.40*| (0.48) 0.41*| (0.48) 0.42* Rce | (0.48) 0.41*
Reen | (0.27) 0.29%| (0.27) 0.29*| (0.27) 0.27* Reen | (0.27) 0.29*
r (2.93) 1.95*| (1.93) 1.95*( (1.93) 1.95* r (2.93) 1.92*
rio N/A N/A N/A ri2 N/A
Dg 38.9 39 38.1 Ds 42.2
Dun 38.4 38.6 34.6 D 43.3
2Dc 28.4 28.5 27.9 2Dc 31.9
Du1 497 5.08 3.36 Du1 5.74
A 63.1 63.1 65 A 63.8
ZcG 14.7 14.8 14.7 ZcG 16.4
e 2.19 2.23 2.35 lcc 1.96
ZpcN 19.6 19.7 18.9 ZpcN 21.9
Upcn 2.35 2.29 2.94 Upcn 2.35
ZcholCH3 20.2 20.2 19.7 ZcholCH3 22.8
CcholcHs 2.98** 2.98** 2.98** UcholcH3 2.98**
ZcH N/A N/A N/A ZcH N/A
Cch N/A N/A N/A Ucn N/A
Onc | (2.44) 2.47%| (2.44) 2.47*| (2.44) 2.47* Ohc | (2.44) 2.46*
B 2.94 3.17 2.66 lchs 2.01




1-palmitoyl-2-oleoylsn-glycero-3-phosphatidylcholine (C16:618:1PC, POPC)
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Figure S14:

POPC bilayers at 3G.
X-ray data were obtaide
using both ULV and ORI
(gray data points)
samples hydrated inJ9,
while neutron scattering
data were obtained from
ULVs in different
H,0O/D,0 solutions.

Figure S15:

POPC bilayers at 2Q.
X-ray data were obtained
using ULVs in HO,
while neutron scatring
data were obtained from
ULVs in different
H,O/D,0 solutions.

Figure S16:

POPC bilayers at 3G.
X-ray data were obtained
using ULVs in HO,
while neutron scattering
data were obtained from
ULVs in different
H,O/D,0 solutions.

Figure S17:

POPC bilayers at 4€C.
X-ray data were obtained
using ULVs in HO,
while neutron scattering
data were obtained from
ULVs in different
H,O/D,0 solutions.
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Figure S18:

POPC bilayers at 5C.
X-ray data were obtained
using ULVs in HO,
while neutron scatterg
data were obtained from
ULVs in different
H,O/D,0 solutions.
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Figure S19:

POPC bilayers at 6.
X-ray data were obtained
using ULVs in HO,
while neutron scattering
data were obtained from
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Tab. S5: POPC bilayerparameters inthe appropriateu ni t s ( j ) for l engt h,
(uncertaintyof +/- 29%).
Figure S14 S15 S16 S17 S18 S19
Temp 30°C 20°C 30°C 40°C 50°C 60°C
A 1256** 1247** 1256** 1265** 1275.5** 1284**
VL 331 331** 331** 331 331 331**
Rce | (0.48) 0.41*| (0.48) 0.42*| (0.48) 0.42*| (0.48) 0.42*| (0.48) 0.41*| (0.48) 0.44*
Reen | (0.27) 0.29*| (0.27) 0.30*| (0.27) 0.28*| (0.27) 0.29*| (0.27) 0.30*| (0.27) 0.27*
r (1.93) 1.93*| (1.93) 1.91*( (1.93) 1.94*| (1.93) 1.91*| (1.93) 1.93*| (1.93) 1.92*
rio (0.81) 080* | (0.81) 0.81*( (0.81) 0.80*| (0.81) 0.81*| (0.81) 0.80*| (0.81) 0.82*
Dg 39 39.8 39.1 38.7 37.9 37.7
Dun 36.5 37.4 36.5 36 35.9 34
2Dc 28.7 29.2 28.8 28.6 28.1 28
Dh1 3.89 4.1 3.88 3.7 3.91 3.03
A 64.4 62.7 64.3 65.3 67.3 68.1
ZcG 15.3 15.6 15.3 15.1 14.8 14.8
Uca 2.52 2.5 2.52 2.45 2.48 2.42
ZpcN 19.7 19.6 19.7 19.4 19.3 18.6
Upcn 2.83 2.6 2.9 2.88 2.81 3.21
ZCholCH3 20.7 20.6 20.8 20.4 20.3 19.9
CcholcHs 2.98** 2.98** 2.98** 2.98** 2.98** 2.98**
ZCH 9** 9** 9** 9** 9** 9**
CcH 3.05** 3.05** 3.05** 3.05** 3.05** 3.05**
O | (2.44) 2.48*| (2.44) 2.46*| (2.44) 2.47*| (2.44) 2.49*| (2.44) 2.50*| (2.44) 2.46*
Ucha 3.01 3.5 3.05 2.55 2.69 1.98




1-stearoyl2-oleoytsn-glycero-3-phosphatidylcholine (C18:6018:1PC, SOPC)

1C

Figure S20:

SOPC bilayers at 2Q.
X-ray data were obtained
using ULVs in HO,
while neutron scattering
data were obtained from
ULVs in different
H,O/D,0 solutions.

Figure S21:

SOPC bilayers at 3Q.
X-ray data were obtained
using ULVs in HO,
while neutron scattering
data were obtained fno
ULVs in different
H,O/D,0 solutions.

Figure S22:

SOPC bilayers at 5Q.
X-ray data were obtained
using ULVs in HO,
while neutron scattering
data were obtained from
ULVs in different
H,O/D,0 solutions.

Figure S23:

SOPC bilayers at 6Q.
X-ray data were obtained
using ULVs in HO,
while neutron scattering
data were obtained from
ULVs in different
H,O/D,0 solutions.



