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A sense of scale (e 3150 Mtp://wwwejic.o¢.uk/microscopy/scale.htmi)
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The molecular scale in biology is
the same as anywhere else.

» Bond lengths e.g. C-C = 1A

* Molecules (proteins, Nucleic acids)
= 1-10 nm

e Sub-cellular structures = 10-100
nm

* Cells= 1-100 um






What do we want to know about

molecular biology?

A
L

What is process B? (99% of effort)
Why does input A affect B?

Can we stop or increase B?

Can we make A cause C?

Example

Cell division
Cancer
Stop!
Apoptosis



What data do we use?

°a

XY

X has a known function

X is in one part of the cell

X changes in a particular disease state.
X interacts with Y

X changes the function of Y

Molecule o stops one of the above



We need methods to measure
these changes.

e Effect of two molecules on the cell skeleton

* |latrunculin A (0.6 uM, 15 min, Panel B) or with
ytochalasin D (5 uM, 30 min, Panel C)

and latrunculin B on mechanical properties of cells.
Wakatsuki, et al




We need to colour the cells

e Why?

e Biomolecules are made of similar elements
and all look very similar.

 The molecular make up of cells is not obvious.



Biological building blocks

Amino acids

Lipids Hydrogens are not shown!
S u ga rS OH OH 0 g

o A /\/\/\/\/\/\/\/\/b\
Salt AN -
Water 5N stearic acid (a fatty acid)

lysine
(an amino acid)

H 3 C ,,/[,'

cholesterol
(a lipid)




They make complex structures

Figure 1
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Structures of complex oligosaccharides obtained by chemical synthesis.



The same
protein
shown in
different
ways




Cell membrane
Carbohydrates

Integral
Protein

an

Cholesterol

Phospholipid

i

Peripheral Protein

The same basic membrane design is found across
biology so if we can add colour to this it will be very
useful.
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“To be brutally honest, few people care
that bacteria have different shapes.
Which is a shame, because the bacteria

V4
seem to\care very much”. Kevin Young



http://schaechter.asmblog.org/.shared/image.html?/photos/uncategorized/2007/04/30/young.jpg
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X-ray crystallography can define

large biological structures
Poliovirus viperos

Selmer M Filman DJ,

Science. 2006 313; 1935-42. EMBO J. 1989 8:1567-79.



Electron microscopy

Electron crystallography Electron Tomography

Virus Membrane protein
P Y Ortiz et al. JCB 190 (4): 613

Goswami, EMBO JOURNAL 30
Pages: 439-449 2011

Aaron Klug,
Nobel prize
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Why not just use X-rays and

electrons?.

What we often
lose in these
methods are
dynamics or
molecular
contexts.
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Why can neutrons help?

* We can work in water.

* \We can resolve dynamics.

* We can see Hydrogen

* We can change contrast

* We don’t damage the molecules.



OmpF Protein

Side view Top view

C———
10 nm



IN

OmpF Prote
* OmpF Protein showing only the hydrogens

but it’'s monochrome grey.




The best things in life are free

But you can keep 'em for the birds and bees
Now give me contrast (that's what | want)
That's what | want (that's what | want)

nat's what | want (that's what | want) yeah

nat's what | want
The Beatles

The D,O scale of bio-contrast

d-lipids

0,
0% ‘ h-lipids \ ‘ h-protein \ ‘ h-DNA \ ‘ d-protein \100%

d/h lipids or detergent mixtures

23
Scattering length density



Contrast matching- using the
neutron “refractive index”

High
refractive
index glass in
water is
visible

High
refractive
index glass in
high
refractive
index salt
solution



The D,O scale of bio-contrast

d-lipids

0,
0% ‘ h-lipids \ ‘ h-protein \ ‘ h-DNA \ ‘ d-protein \100%

d/h lipids or detergent mixtures

Scattering length density N

We can match any value on this axis using D,0



Simple examples

Seeing important water molecules.
Seeing important membrane lipids.
Seeing biology within complex apparatus
Seeing Biology in complex chemical mixtures.



Angewandte

Communications

) ) DOI: 10.1002/anie.201207071
Protein Perdeuteration /

Near-Atomic Resolution Neutron Crystallography on Perdeuterated
Pyrococcus furiosus Rubredoxin: Implication of Hydronium Ions and
Protonation State Equilibria in Redox Changes™*

M. G. Cuypers, 8. A. Mason, M. P. Blakeley, E. P. Mitchell, M. Haertlein, and V. Trevor Forsyth*




Molecular Cell, Vol. 1, 411-419, February, 1998, Copyright ©@1998 by Cell Press

Localization of Glycolipids in Membranes . -

3"\‘&.’\;.}"{!
by In Vivo Labeling and Neutron Diffraction @\ﬁ\‘&;ﬁew
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Neutron Reflectivity Studies of Single Lipid
Bilayers Supported on Planar Substrates

S. Krueger

B. W. Koenig et s s
W. J. Orts HEumu"s
N. F. Berk ]H Hmmm
C. F. Majkrzak
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Purifying membrane
proteins in detergent
micelles.

mzmbrane protein



Contrast matching- using the
neutron “refractive index”

High
refractive
index glass in
water is
visible

High
refractive
index glass in
high
refractive
index salt
solution



We want to solve a membrane protein
complex made of two proteins

Membrane proteins have to t

be kept in solution by the use
of detergent micelles which
surround the protein.

So X ray scattering would be
dominated by detergent
scattering.



In a neutron experiment we can use
deuterated detergents to match them to

the water SLD, thus the detergent is made
invisible.

Then by making one protein deuterated we can
make it visible when mixed with the

Thus we can resolve
the different
components

In H,0 In D,0



Contrast Matching- water background
is adjusted by adding D,0

 We can make proteins in bacteria that are
grown in H,0 or D,0 or mixtures.

* This can give proteins that match between 40-
100% D,0

 Lipids/detergents can be deuterated so are
useable in a range 12%-100% D,0

* H Nucleic acids = 65% D,0
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The Perils of Reductionism (1972)
Albert Szent-Gyorgi

Nobel Prize in Physiology or Medicine in 1937. He is credited with discovering vitamin

C and the components and reactions of the citric acid cycle.

“My own scientific career was a descent
from higher to lower dimension, led by
a desire to understand life. | went from
animals to cells to bacteria, from
bacteria to molecules, from molecules
to electrons.
The story had its irony, for molecules
and electrons have no life at all.
On my way, the life | was trying to study
ran out between my fingers."
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The in vivo structure of biological membranes and evidence
for lipid domains

Jonathan D. Nickels B, Sneha Chatterjee [, Christopher B. Stanley, Shuo Qian, Xiaolin Cheng, Dean A. A. Myles,
Robert F. Standaert [g, James G. Elkins [g], John Katsaras

Published: May 23, 2017 « hitps://doi.org/10.1371/journal pbio.2002214
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Fig 1. Envelope structure and scattering properties of B. subtilis. (a) Representation of the cell wall, the membrane and



Concluding thoughts

Biophysics has many tools which are always
cheaper than neutrons — use them first.

Biological samples are often the most complex
samples and often prepared on site.

Very careful sample preparation is the key to
using beam time effectively.

You need to know the capabilities / limits /
needs of each technique.

Leave the neutron science to the specialists



Thank You

25 Newcastle
University
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Studying Bacterial Membrane
Protein Complexes by the use of
Contrasting Components  joremy | akey
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Why should we care? @ Newcastle

University

The outer membrane is,

e g critical barrier to small antibiotics.

e site of action of alternative antibiotics
(polymyxins).

e source of endotoxin which causes toxic
shock syndrome

 the surface which interacts with the
host organism



A simple, clear, but accurate model

MicroBioLoGICAL REVIEwWS, Mar. 1985, p. 1-32 Vol. 49, No. 1
0146-0749/85/010001-32$02.00/0

Copyright © 1985, American Society for Microbiology

Molecular Basis of Bacterial Outer Membrane Permeability

HIROSHI NIKAIDO!* AND MARTI VAARA?

Department of Microbiology and Immunology, University of California, Berkeley, California 94720, and National Public
Health Institute, SF-00280 Helsinki 28, Finland®




The D,O scale of bio-contrast

d-lipids

0,
0% ‘ h-lipids \ ‘ h-protein \ ‘ h-DNA \ ‘ d-protein \100%

d/h lipids or detergent mixtures




Part |
LPS — LPS interactions

Bacteria are very small and
complicated :
sO we use in vitro models



Outer_membran_e of Gram o Newcastle
negative bacterium Qg University

LPS
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Distance / A

. shows the model

Neutron scattering density profile using

deuterated lipids
membrane to be highly asymmetric.

H,0
75% D,0

500

-100:

0 2 4 6 8 10
Scattering Length Density / x10-€ A2
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- destroys asymmetry

Removal of calcium ions

38% D,0

<
o

H,0

Y o 0L % fAYIsuaq yibua bupepess

250 300 350 400

200

2% 300 350 400

200

Distance / A
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Antimicrobial Proteins

Lactoferrin
e disrupts the divalent cation bridges

Y ¢ 01x /QIsuag ybua bupseyess

causing a release of LPS into the bqu

between LPS molecules
solution.

([ J
Using h-DPPC



Antimicrobial Proteins 5&%3?35!3

* Lysozyme
e When used without EDTA

* Binds to surface and does not disrupt
LPS

D,0

75% D,0

Scattering Length Density/ x10% A2

H,0

00 380 400 450 500 00 350 400 450 500 560
Distance / A



Part |l
Outer membrane protein — LPS

interaction interaction

12



Gram-negative trimeric porins have specific LPS
binding sites that are essential for porin biogenesis

Wanatchaporn Arunmanee®', Monisha Pathania®’, Alexandra S. Solovyova®®, Anton P. Le Brun®, Helen Ridley?,
Arnaud Baslé?, Bert van den Berg®?, and Jeremy H. Lakey®?

3Institute for Cell and Molecular Biosciences, Newcastle University, Newcastle upon Tyne NE2 4HH, United Kingdom; PNewcastle University Protein and
Proteome Analysis, Newcastle University, Newcastle upon Tyne NE2 4HH, United Kingdom; and “National Deuteration Facility, Bragg Institute, Australian

Nuclear Science and Technology Organisation, Kirrawee DC, NSW 2232, Australia

Edited by Hiroshi Nikaido, University of California, Berkeley, CA, and approved June 29, 2016 (received for review February 11, 2016)

Structure of OmpE36 (Enterobacter
cloacae) (1.45 A) shows three LPS

molecules.




Small Angle Neutron Scattering confirms that,
in solution, LPS binds at the periphery of OmpF

Using selective neutron
contrast can make the P(r)
detergent micelle invisible
and the LPS very visible.

Deuterated OmpF

in 27% D20

D22, ILL, Greno

Anne Martel

Natural LPS
in 77% D20

13% D.O
27% D
41% D
77% D
—100% D0

O
O
O

LV L] LS ~n

14



Part Ili
Outer membrane protein — Amphipol
interaction

Trimeric porins

Arunmanee et al in preparation

15



University

Preparing OmpF in Amphipol Newcast'e

Add Biobeads

Jean-Luc Popot



Amphipol A8-35 23z Newcastle

University

—{CH;—CH),— (CHz—CH),~—(CH;——CH),—

c C C
. ~ ~
-0 g HnT o HnT o

Na* |
EHHﬂ'

Amphipol A8-35 is a
polymer with approx MW
of 8kDa with a general

chemical formula as Gohon et al Biophys J. 2008
below: x = 0.35, y = 0.25, 94: 35233537
and z = 0.4.

SLD of h-Amphipol = 1.06 x 10 A2 =23.5% D20



OmpF in Amphipol




Where is the amphipol? Design of the Newcastle

University

SANS experiment.

0%, 50% and 100% D,0O

Side view
23.5% D,0
77% D,0O

Side view



Where 1S the Amphipol?

») EXperiment 1

)
""—'
TR

‘—“\ Amphipol alone in 100% D,0
ﬁgé— : 1A
g; ; L ] 245A
) IIIE
[ e Amphipol forms oblate
ngoif) ellipsoid micelles with
c) ’ ] = .
00012 AR approx 1 Amphipol per
0.0010 micelle
ﬁO‘OOOS:
E0.000S;
00004 SANS 2D at ISIS
0.0002
00000\ N Richard Heenan

Distance (A™)

20



Where 1s the Amphipol?

2

Log 1]

0.01

1073

2
0.1

Log [I]

1074

0.1

0.01

1073

Il 43
-

0.01

0.02

005 0.1
_Log Q(A")

0.2

b)
38 or 49 A 23.5% D,0
dOMPF only
|4°A visible. Can be
modelled as a
disc
= 77% D,0

z Y=15A yisible.
0A

“'I . Amphipol only

Can be

modelled as a

hollow tube
— plus micelles

21



Where 1s the Amphipol?
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Part Il
Outer membrane proteins in

Biosensors

23



Why we sometimes have to measure complex
layers by NR

A typical “sandwich” assay used in diagnostics.

;";"gfft‘rﬁ’!ﬂ ('Ei .
B
N0t pregnans W
I |




Self assembling layer based upon
bacterial outer membrane proteins
fused to antibody binding domains.
Achieves very high antibody density
and activity plus low non specific
binding

Orla 85

Filler molecule

Gold
Glass substrate



Why we sometimes have to measure complex layers by NR

*Biosensor based upon shear horizontal surface acoustic wave SH-SAW

\ *Sensitive to Mass, viscosity,
elasticity.

X

Orla

PROTEIN TECHNOLOGIES

JRC| Japan Radio Co., Lid. !‘




The array investigated by neutron @5 Newcastle
. + University
reflection
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Magnetic and solvent contrast

10 - — D,0 subphase up spin state

> —— D,0 subphase down spin state
- H,0O subphase up spin state
- H,O subphase down spin state

Reflectivity




The filling molecule th}ﬁl"i'fé?gﬁ!ﬁ

Neutron reflection
showed the importance of
having the filling molecule
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Published data Le Brun, A.P., et al., The 85 Newcastle

structural orientation of antibody layers bound to Qe Lniversity
engineered biosensor surfaces. Biomaterials., 2011
32(12): p. 3303-11.

a 0.5 1
6.0 s
< > \ ..................................
g 5.5 & -
% < ZZctOmpA and antibody/
~ IS antigen layer
2 5.0~ ¢ B
S N
34 O =
£ 457 < b
5 3 Can we get better contrast
() . .
o 4.0 - = r
= S, with deuterated protein?
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[0
5354 | &
2 O
L
8.0+ 5
4 2.5 .
1 1 1 I I I
0 50 100 150 200 250

Distance from Interface / A



Antibody binding data from SPR (Biacore) 5 Neweastle

. . University
Hydrogenated Protein Deuterated Protein <

2000+
16004
1200+

8001

RU

400+

0O 1000 2000 3000 4000 O 1000 2000 3000 4000
Time (sec) Time (sec)

Antibody concentrations (from top) 300, 200, 100, 75, 50, 40, 30, 20, 15, 10, 8, 6, 4, 2, and 1 nM. Sensorgram is
blank corrected (antibody injection minus buffer injection)

Hydrogenated Orla 85 Deuterated Orla 85
kon M- s koffs-1 Kd (nM) kon M- s koffs-1 Kd (nM)
4.29x105 7.45x104 1.76 2.91x10% 7.52x104 2.58
kon M- s koffs-1 Kd (nM) kon M- s koffs-1 Kd (nM)
5.88x105 6.81x104 1.15 7.66x10° 8.66x104 1.13




Data from POLREF with the deuterated

— d-Orla_85 / D20
10 — d-Orla_85 / H20
—— d-Orla_85 + Ab / D20
— d-Orla_85 +Ab / H20

°7 —— d-Orla_85 +Ab / H20 + Ab up spin _
d-Orla_85 +Ab / H20 + Abdown spin
6 —
\ .
4 ™~

SLD (10° A)

T T T T T
0 100 200 300 400
distance from interface (A)

d-Orla85+filler =160.4+14.0 A
d-Orla85+Ab =142.3+ 148 A
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Thank you
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