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Membrane Structure Evolution — 1925 - present

Gorter, E. and Grendel, F. 1925. On bimolecular
layers of lipoids on the chromocytes of the blood. J.
Exp. Med. 41:439-443.
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1935 Sandwich Model by Danielli and Davson. In 1957,
Robertson stated that the bilayer is found in all
membranes, including those of organelles.

(a) Sandwich model
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Lingwood and Simons, Science 327, 46 (2010).
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Biological Membranes - dynamic 2D sheets rich in hydrogen

Model of Plasma Membrane Membrane Dynamics
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Lipid Raft Timeline - lipid rafts inferred through different studies
over 4 decades
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What We Know Of Biological Membranes — asymmetric,

heterogeneous, dynamic, etc.

Fluidity of the Lipid Membrane

At physiological temperatures the lipids in the membrane bilayer
are very dynamic exhibiting vibrational, rotational (10° sec),
lateral movement (10-%¢ sec) & “flip-flop” (105 sec or every 28 hr).
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Neutrons

Bound Atom Scattering Lengths and Cross Sections for Typical Elements in

Biomaterials

Gcoh=4TCb02 Atom Nucleus  b. e oi -
(1072 em) (10724 cm?) (10724 em?)  (1072% cm?)

* * Hydrogen 'H -0.374 1.76 79.7 0.33

*

Deuterium _*H 0.667 5.59 2.01 0
Carbon  "C 0.665 5.56 0 0
Nitrogen N 0.930 o o 0 1.88
Oxygen B 0.580 4.23 0 0
Fluorine  ™F 0.556 4.03 0 0
_ Phosphorous P’ 0.513 3.31 0 0.17
Chlorine  CI 0.958 1153 5.9 33.6
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Small Angle Neutron Scattering (SANS) - a = 27/d (nm")

z
Detector
X c
N |

Elastic Scattering: k; = k;

Neutron beam

Sample
wavevector

q (nm)=|q| = k; — ki = 4nn/A [sin (6/2)]

Refractive index (n) for
neutrons slightly <1

Recall Bragg’'s Law
A =2d sin (6/2)

Substituting q into BL we get:
q = 2n/d (nm") (a useful expression)
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SANS, Optical Microscopy, and Visual Inspection -

developing a consistent story
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A Canonical Phase Separating Lipid Mixture - high and
low temperature melting lipids with cholesterol

34.6% D,0 and 65.4% chain-deuterated DSPC-d,,. When randomly mixed
there is no SANS signal. DSPC, (DOPC+POPC), and Chol, in a 39/39/22 ratio.

CHOL

Phase Diagram at 20 °C

DOPC POPC DSPC Cholesterol

g

Low-Melting High-Melting
Lipids Lipid

SLD random non-random
(CD2)n - |lpld mlxung lipid mixing

medium-

e ASLD =0 ASLD =0

(A8)? = (Bjipiq - Suater)? # O scattering
(A8)2= (8jpig - Swater)? = 0 NO scattering
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Bacillus subtilis — a gram positive bacteria

B. subtilis is found in the human
gut, a variety of foods and soil.

 Considered a Gram-positive
equivalent of E. coli.

 Highly amenable to genetic
manipulation.

« Bacillus Genetic Stock Center
provides a mutant library,
expediting some of the genetic
manipulations.
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Envelope Structure of Total Scattering From B.
subtilis - estimated and measured scattering
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SANS Data from B. subtilis Grown in 90% D,0 and

100% HZO - integrated neutron intensities vs % D,0
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Controlling Membrane Contrast - creating neutron contrast
by feeding bacteria protiated FAs
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Scattering Length Densities and Total Scattering
from B. subtilis - neutrons only “see” the membrane!
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First Ever Measurement of a Living Membrane - 24.3 +/-

0.9 A thick

I(q) [em™]

SANS Experiment — observation
of the lipid bilayer in living B. subtilis
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Contrast Variation Strategy to Detect Nanodomains -
creating in-plane contrast
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Direct Observation of < 40 nm Lipid Domains in B.
subtilis - lipid domains also exist in non-eukaryotic systems
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Nickels et al., PLoS Biology 15, e2002214 (2017) ’
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(AS)z = (Slipid - 8water)2 #0 scattering
(A8)? = (8jpig - Swater)* = 0 NO scattering




Table S2. Neutron scattering lengths, molecular volumes at 60 °C, and corresponding
scattering length densities of species relevant to this study

Molecule Chem. Formula b [fm] V[AY SLD [fm/A%]
PC headgroup C1gH1sNOgP 60.1 331° 0.181
DSPC chains C34Hro -35.8 1017° -0.035
DSPCdy chains C34Drg 692.9 1017° 0.681
DOPC chains C34Hss 208 1003° -0.021
POPC chains CHgy -26.6 953" -0.028
cholesterol Cy7H10 133 630% 0.021
water H20 -1.68 304 -0.055
heavy water D0 19.15 30.5 0.628
34.6% heavy water Hj 31Dy 500 5.53 30.4 0.181
11.7% heavy water H; 77Dy 20 0.761 30.4 0.025

H,0-M9 Pr
EQ-SANS 37° C

ep. WT

—Total

Estimated
Intensity

I(Q) Q*dQ

0.4
Iy




Table S1. Compositions of lipid samples. Further details can be found in "

Fr];ic('t)ilsn: DSPC POPC Chol. I?ff;ir 5‘;’% P"g]‘:;: pdéllnij d41-Chol | Solvent
Lp 0.00 0.79 0.12 - - - - - D0
Lo 049 0.26 023 - - - - - D0

Domains 0.39 0.39 0.22 - - - - - D:0

D“T“;’Jm - - - 0.30 - 038 0.01 022 913]'253"

D‘”ﬁm - - - 0.18 021 0.18 021 022 5;25(;”'

Table S2. Calculated neutron scattering length densities of headgroup and acyl regions at 20°C
for the phases present in each sample. These values are derived from volume data compiled in "
from **. Atomic scaftering lengths were taken from the NIST database .

LpHead Group Lp Acyl Lo Head Group Lo Acyl Solvent

[for/A%] [fo/A7] [fo/ A% [fm/A’] [fm/A%]
1p 0.18 0.00 - - 0.63
Lo . . 0.18 0.00 0.63
Domains 0.18 0.00 0.18 0.00 0.63
D = 0.58 0.38 0.58 0.58 0.58

Lp

D“‘“‘“’”Lo 5 0.38 0.38 0.38 0.58 0.38
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