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Solution scattering data collection

Log I(s)

sample — buffer
(subtracted)

X-ray Beam

X-ray Scattering

‘FE K X"

Sample

X-ray detector




Experimental Equipment: The Basics

Source of Radiation

Neutrons / X-rays SETBlE Reler Detector
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O converted to s based on
known beamline parameters
for geometry and A

Data are scaled for intensity ..
Based on measurement of
Intensity of direct beam

Performed automatically by Beamline software based on calibration by LC’s
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Intensity is proportional to: The number of interactions between
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Scattered particles Scattering object
(Neutrons/X-rays) (Biological Macromolecule)
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Scattering intensity

Is proportional to: The number of interactions between
Scattered particles (Neutrons/X-rays)
and
Scattering object (Biological Macromolecule)

Therefore if:
Neutron/X-ray flux is normalised

And

The observed scattering intensity is corrected for the number of scatterers
(proportional to concentration)

The resulting measured intensity is proportional to the size and contrast
of the scattering particles under investigation

Warﬂ | ng I Concentration measurements might not be accurate

EMBL



— Water_sub.dat
e0 -

b Reference Water Known protein -
_ BSA or Lysozyme _
407 Source of Protein Protein and reference sample
Error Concentration Concentration :

| Done by Local Contact User il
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Radius of Gyration and Zero Angle Intensity

M primus

File Tools AutoRg Awerdsc Gnom  Peak Axis Mar2D Detector Oligomer Mixture SwdPlok Bodies Save_data Help  Wersion 3.0

B Graphics Window

Guinier Plot: globular particle

File name: BSA_268.dat GUINIER

\1\;. Particle type = @ i e FlleMame Range| Units nBea [~ Spn nEnd  Conc Multiplier
ol e, T e ] a1 7o [ [
e N I = I — %w—%lw—ﬁ e

. 43 Select |[1 =I[T ! [asss ! [Tom0 1000

S o I i el
- S e el
e | L L
ol [ o [
) Y e o i
ol w2l ] e
o e

Rengafopoting fom |1 to [2999 Fulange [ PlotRenge
o[ e [

a.88 E.‘EE E.‘lﬁ B.IIS
sHRZ
olsan 2009 1122550 C:\Data_analysis\BSA Buffer Subtraction

Gunier: define radius of gyration
Gunier: define radius of gyration
Gunier: define radius of gyration
Gunier: define radius of gyration

Gunier: define radius of gyration

i
Running [Input pending in Graphics Window




Porod Analysis in Primus gives excluded
volume

M primus

File Tools AutoRg AwerAsc Gnom Peak  Axis Mar2D Deteckor Oligomer  Mixture SwdPlob Bodies Save_data Help  Wersion 3.0

M Graphics Window E\@| 3
File name: BSA_268.dat POROD Data processing ‘:|
(Imeonatinomnd Porod assymptotics B éctive Toggle| FlleName Range| Unts  nBea [ Syn nEnd  Conc tultiplier
;;i“';s 73:;_231 1 v #1|[FSA8ds  Gelect rjl?j Ea) j [roo0— [rom
Lllglune ==1ﬁ$::a s | . 4z selct [T [T = sass:jl' [om [0
oo el 2 |Te 7 7 83 seeat |[1 [i = s =] [fom  [ioo0
#a Select |1_j|1_j Wj [ron oo
S | e L
16| selet [ [T [T 4 o = [ios— [iooo
8.0 | [ sk | T lﬁj [ T
KLl ekt | |1_j|1_:|| [ = [0 [lom
a3 ekt | |1_j|1_j [ass = [ooo [om
oo 10| ek | [T [ | 9 [ i
- #11 skt | [IT = [ = [eesg I [looo— [1.o00
= = T |
12 Soec | i [T = [smse = [roo0— [10m
| Plot Averagfl auhuac] Divie: Samsuj adiust | Guinies|  Flat Heservej Clear
2.9 Sasplot| Merge | Subest| Diwest ZErEnni Scale | Porod Rod Reserved|  Finish
Range for plolting: from |T to [3993 Fulrange [~ Plot Fiange
I—M Select l'l_jl‘\_jlm:ll I‘H]T ITEIEIEI—
L L L
8.8

C:\Data_analysis“\BSA Buffer Subtraction
21-Jan-288% 11:32:36

M Command Window

Porod: define radius of gyration, porod volume

Guinier fit wsing 62 points:
Radius of gyration o e e innnteeennnn e nnnnnnnnsans 1 3.008
I(0) estimate ........... : 1148,

Estimated Porod wvoluwe

Porod: define radius of gyration, porod wvolume

g ]
Running |Input pending in Graphics Window




Distance Distribution P(r) Function

Calculated by GNOM give the Dmax and the input file required for Ab-initio modeling

M gnom45qw B gnom45qw
File Edit View State Window Help Fle Edit Wiew State ‘Window Help
M Graphics Window =] B Graphics Window
Input file{s> : BSA_268.dat === JOB = @ Input file{s> : BSA_268.dat »= JOB = @
Reciprocal space: Ry = 3.86 . ICBY =  B.1165E+84 Real space: Rg = 3.86 L IC@y = A.1165E+04
P<{R>
288
158
10.8[
5.8 [
1 1 1 1
98-8 2.9 4.0 6.0 2.0 10.@
R
ALPHA: ©.1BBE+B2 BRmin = 8.88 Bmax = 18.18 TOTAL: 8.788 ALPHA: B.100E+B82 Smin = 0.2508 Smax = 1.8698 TOTAL: B.788
21—-Jan-208% 11:38:21 Press CR to continue 21-Jan—280% 11:32:17 Press CR to continue

Indirect Fourier Transform!




1D curve and P(r) Function are effected by shape

Lg I(s), relative Solid sphere p(r), relative
Hollow sphere »
0 g Dumbbell
'\\““‘m
5. J Long rod
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s, nm~ Dirax = 10 nm r, Nm

Indirect Fourier Transform!
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What can we learn from solution SAXS
Model independent parameters:

Behaviour in different buffer conditions:

(find optimum conditions — monitor behaviour)

Dynamic investigations under physiological conditions:




Form Factor fitting of basic shapes

Homogeneous sphere

Spherical shell

Spherical concentric shells

Particles consisting of spherical subunits
Ellipsoid of revolution

Tri-axial ellipsoid

Cube and rectangular parallelepipedons
Truncated octahedra

Faceted Sphere

10. Cube with terraces

11. Cylinder

12. Cylinder with elliptical cross section

13. Toroid

14. Infinitely thin rod

15. Infinitely thin circular disk

©CoONOOGOhowwhE




Form Factor fitting of polymers

©CONOOOGAWNE

. Regular star-burst polymer (dendrimer) with Gaussian statistics

. Arbitrarily branched self-avoiding polymers .

MW
Flexible polymers with Gaussian statistics “"""‘-.\‘.
Polydisperse flexible polymers with Gaussian statistics
Flexible ring polymers with Gaussian statistics
Flexible self-avoiding polymers
Polydisperse flexible self-avoiding polymers
Semi-flexible polymers without self-avoidance
Semi-flexible polymers with self-avoidance:

Polyelectrolyte Semi-flexible polymers with self-avoidance:
Star polymer with Gaussian statistics ~7\~‘L‘

Polydisperse star polymer with Gaussian statistics

Regular comb polymer with Gaussian statistics
Arbitrarily branched polymers with Gaussian statistics
Arbitrarily branched semi-flexible polymers

i
e
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multishe\
Epitaxial shell
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Self-assembling peptides forming nanodiscs
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S. R. Midtgaard, M. C. Pedersen et al. Soft Matter, 2014, 10, 738-752




ADb-initio Modelling

Modelling of particles with no prior information
Build complex models from uniform blocks

r

like LEGO but we use Dummy Atoms
Acts as a placeholder for, but does not resemble, a real atom
Occupies a known position in space

Has a known scattering pattern (Solvent or Particle)




ADb-initio Modelling

Modelling of particles with no prior information
Build complex models from uniform blocks

Must be Must NOT be Must NOT be
Compact disconnected L oose

EMBL

YEARS  1974-2014



Ab-initio Modelling

With multiple data sets multi phase models can be produced

Points in the search grid can be assigned to
Different phases




ADb-Initio Example
(a) C 10; «  CO0C2-actin
b % = o' . emn | SAXS data + crystal and
i NMR structures show the N-
terminal domains of mouse
cMyBP-C form an extended
structure with a defined
disposition of the modules

150A
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9
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Q
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s 3 B

Q
N
o
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However mixing with actin
results in a dramatic
Increase in scattering signal
due to the formation of a
large, rod-shaped assembly

52 residue
linker

Whitten, Jeffries et al. (2008) PNAS 105, 18360



t.. 1 AcinCOC2 complex 100% D.0)
i, o Factn (100%D,0)
1E-7
v
fE3
|
0.01

Whitten, Jeffries et al. (2008) PNAS 105, 18360



Whitten, Jeffries et al.

(2008) PNAS 105, 18360
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Whitten, Jeffries et al. (2008) PNAS 105, 18360

ADb-Initio Examgle

F-actin




ldealised Solution SAS Experiment

™\ Solution Scattering Data

N \ from Protein of Interest

Black Box

Neutron or X-ray source




What exactly Is the Black box?

=e

EMBL

YEARS | 1974-2014



What exactly Is the Black box?

flight tube sample fast
& in capillary shutter
T —— - - ——— _ :'f' = V—_ : _“— —’-.
- (ﬁ N e
detector

SC/HPLC beam
cleaning slits




What exactly IS the Black box?

BM29-OH




What exactly Is the Black box?

ESRF ~
double multilayer bending magnet
monochromator - -
flight tube sample fast monochror_natlc [ | -
— in Capi"aw shutter beam slits 1 . .
_ . - -__giss white beam
= . e B = . mask  slits
g S
detector b energy
SC/HPLC beam , , calibrator
cleaning slits toroidal mirror
source
| . | B |
45 m 425 m 31.2m 27.3m 0
Energy 7-15 keV, standard: 12.5 keV
g-range 0.020 - 5 nmt
beam size at sample about 700 pm x 700 um
flux at sample 3 x 1012 photons/s

detector distance 2.867 m




ldealised Solution SAS Experiment

™\ Solution Scattering Data

N \ from Protein of Interest

Black Box

Neutron or X-ray source




Detergent
Water
Dry

Load New
Sample/Buffer

Interlock
Measure

YEARS | 1974-2014



SC development Sample Volume

Cleaning time
Total cycle time

Manual sample handling

EMBL-HH 15t gen SC X33@DORIS ﬂ

A

2" Gen SC BM29@ESRF

¥
Reliability
2"d Gen SC BM29@ESRF P12@PETRAIII B21@Diamond Confidence

Throughput

YEARS | 1974-2014



Sample Preparation

In solution SAXS we observe the Average
Monodisperse Mixture

* Average '



Online SEC In ISPyB

NI LRI
W Rg |Mas Ve | QF | gualty

- Automatic Processing
1
0.6
0.6
0.4
02
Region merged for background Scattering returns to baseline |
a Buffer
0 100 200 sjoSubtracted, 500 &00
i] frames
|

HFLL Frames




Online SEC In ISPyB

H(E|(E |m = m -
&] Rg || Mass | vc Qr quality £ |Seale
1.2

1 !

0.8
D6[
0.4
0.2
0 310 315 320 325 330 335 340 345 350 355 360 365
HPLC Frames
10

| |
T 1’2@’*"‘“‘(%: el T (AR o
5 | | | | d | | |

0.5 1 1.5 2 2.5 3 3.5 4




Current status of data collection:

Temperature
. Data acquisition between 4 and 60 C
. SEC operation at 4 or 20 degrees C

Exposure Time
. Standard 1 FPS (10 frames for Static)
. S200 column ~1 hour (3600 frames)
. Increase column ~10 mins (600 frames)

Automated valve
To switch between
SEC and Static modes

Sample Volume
. Minimum recommended 30 pL per measurement
. Approx. 5 mg/mL
. 100 pL stock recommended
. for static and SEC

Gives users control
Safe and reliable switching
Maximises efficiency
cleaning between SEC runs




SC compatible Microfluidics: First results

Proof of Principle achieved

BM29 Sample Holder

N\

Kapton Cap - Exrr

'.'__ »
0=
[ N
- ! )( qu_ﬂaam—
‘ (_
/ Microfluidic Ch"’

/

-
L ® B e - -/ 4——*

220 1m ;

Background improved with scatterless pinhole




— SURFACTANT 0.6%
— SURFACTANT 0.9%
— SURFACTANT 1.5%
— SURFACTANT 1.8%
— SURFACTANT 2.2%

SC compatible Microfluidics

@ Microfluidic Chip g ]
I 24 —

L ”
I_,_ B

|_' \X-Ray Beam
) g g T T I T T L g T T 2
. )
BM 29 sample holder

Exit




Experimental preparation and
efficient use of beamtime
facilitated through ISPyB




Improved feedback for experimental preparation

BIOSAXS Experiment Designer *

Define Measurements

Define only the macromolecule's measurement you want to make. This wizard will add
buffers' measurement needed for substraction automatcally.

Single Measurement Concentration Series

Macromaolecules: | PGK w Buffer: AMP v

How many unknow concentrations do you have?: 3 3

Exposure. Temp.. | 4 = Wol. To Load (uly: |50 = ;I’qrﬁa)nsmmsmn 100 3

Wait Time: 0 & Viscosity: low ~ Flow:

Add
Measurements
Specimen FParameters
Comments
Macromao. Conc. (mgiml) Buffer Exp. Temp. Vol Load Trans. Wait T.  Flow Viscosity

[ 1.000 AP 4.00¢c 50.00 w100 % yes low
B Pk 2.000 H A 4.00 ¢ 50.00 w 100 % yes low
[ 3.000 H aw 4.00¢c 50.00 w100 % yes low




Improved feedback for experimental preparation

HOSAXS Experiment Designer *

Define Measurements

Define only the macromaolecule's measurement you want to make. This wizard will add
buffers' measurement needed for substracdon automatcally.

Single Measurement | Concentration Series

Macromolecules: | PGK w Buffer: ATP w

How many unknow concentrations do you have?: 3 c

Exposure. Temp.. 4 == Vol To Load (u). | 50 = (Tq;e;nsmlssmn 100 :

Wait Time: 0 : Viscosity: low v Flow:

Acld
Measurements
Specimen FParameters
Comments
Macromo. Conc. {rmg'ml) Buffer Exp. Temp. Vol Load Trans. Wait T.  Flow Wiscosity

0 PoK 1.000 [ AN 4.00¢c 5000 100% yes low
0 PcK 2.000 B A 4.00¢c 5000 100% yes low
0 PeK 3.000 B A 4.00¢c 5000 100% yes low
R e 1.000 m arr 4.00¢ 50.00 0 100% yes low m
B Pck 2.000 B At 400¢c 5000w 100 % yes low m
B Pck 3.000 B At 400¢c 5000w 100 9% yes low m

EMBL

YEARS | 1974-2014




Improved feedback with ISPyB

Overview Measurements Analysis 1D Viewer

Collapse buffers

Specimen Parameters
Status | Time Comments
Macroma. Conc. {mg/ml) Buffer Exp. Temp. Vol Load Trans. Wait T.  Flow Vizcosity
O H D33 20.00 ¢ 1000... 100% yes Low  DONE  06:47:07pm  buffer
[ taHEFD33 14.000 M D33 20,00 c 1500... 100 = yes Low DONE 064823 pm  [1tahef d33 truncation
O B D33 2000 ¢ 1000... 100 = yES Low DONE  06:4941pm  buffer
[0 taHEFD33 7.000 B D33 20.00 ¢ 90.00 w100 = EE] Low DOMNE 06:50:54 pm [2] tahef d33 truncation
O H D33 20.00 ¢ 1000... 100% yes Low  DONE  065209pm  buffer
[0 taHEFD33 3.500 W D33 20.00 ¢ 90.00 w100 =% YES Low DONE 065325 pm  [3]tahef d33 truncation
O H D33 20.00 ¢ 1000... 100% yes Low  DONE  065440pm  buffer
[ taHEFD33 1.250 M D33 20,00 c 90.00 w100 = yes Low DONE 065556 pm  [4]tahef d33 truncation
O B D33 2000 ¢ 1000... 100 = yES Low DONE  0657:1lpm  buffer
[0 taHEFD33 0.6e10 B D33 20.00 ¢ 90.00 w100 = EE] Low DOMNE 06:58:28 pm [5] tahef d33 truncation
O H D33 20.00 ¢ 1000... 100% yes Low  DONE  065343pm  buffer
& Ready
1.- Deep Well 2-4x(2+3)Block 3.- 96 Well plate
0 O 00000000 O0O0QC|a0 0 0 0 0 0 0 0 O0OO0O0OC0|o0O000O0CO0CO0OCO0COOOO
0O O OO 0C OO0 OO0 OO0 O 0 O OO 0COCOO0OO0OO0O 0 0
c:O O OO0 O0C OO0 OO0 0 O c0 0 0o o000 0 0OO0O]| O 0O 00 O0CO0OO0OO0OO0O 0O 0O 0
0 000 0 0000 00 0 0 0O 0 0C 0O 0000 0 0 0
ct0 OO0 0 0O0O0O0O0O0O0O0 t0 OO0 0 O0O0O0O0O0OO0O0
0000000000002 °20°020020020000,0600000000000O
s0 O 0O 0000000 O0 0 0 0O 0O 0O 0000000 0
PO ODODODOPDOODQOD|cP B 9 P B O O P BO0OWOOOODDOODDNDHO OO

EMBL

YEARS | 1974-2014




Improved feedback with ISPyB

Overview Measurements Analysis 1D Viewer

Guinier Gniom Paorod
Macromolecule Cancentration Scattering Frames (Averaged/ Total)
Rg {nm) Points Quality (%) 100 Fg (nm) Total Dimax (nm) Wolume (nm3) MW (kD) Vol. est
=]
taHEFD33 14.00 mgimi . [ Rkx] (10 of 10) 4,75 nm 15-37(18) 8395 Q0,78 4.94 nm 051 24.08 15427 771-1028
+6 88402
[l taHEFD33 (10 of 10)
——
taHEFD33 7.00 mgiml _ 3.97 nm 12 - 42 (30) 92.14 71.21 3.91 nm 0.44 13.90 112.54 56.3-750
+4.1850e-2
, || taHEFD23 (5 of 10)
W D32 (5 of 10)
taHEFD33 3.50 mgiml - W D3z (5 of 10) 3.37 nm 50-77(27) 72.77 53.53 344 nm 053 11.81 95.25 47.6-635
Y +6 55654 .
5 [ taHEFD32  (10of 10)
| Wikk] {10 of 10}
taHEFD33 1.25 moiml WDz (10 of 10} 3.23 nm 40-82 (42) 7858 78,16 3.26 nm 0.59 10.81 a90.31 45.2 - 60.2
[ £8.02344e2
\_‘ [ taHEFD32 (10 of 10)
M o3z (10 of 10)
taHEFD33 0.61 moiml n e {10 of 10) 316 nm 27 -78(51) 86.16 78.8B6 3.20 nm 075 11.06 84.35 422-56.2

+0.08563. ..
[ taHEFD32 (10 of 10)

| Wikk] (10 of 10}




Improved feedback with ISPyB

1D Scattering Curves Visualizer *

Criteria %

List - 7

[+

File a
taHEFD33_044 _sub.dat
taHEFD33_044_sub.out
taHEFD33_045_00001 dat
taHEFD33_045_00002 dat
taHEFD33_045_00003 dat
taHEFD33_045_00004 dat
taHEFD33_045_00005 dat 3 =

taHEFD33_045_00006 dat -
taHEFD33_045_00007 dat 2 T '“‘\
taHEFD33_045_00008 dat e
taHEFD33_045_00009 dat | 1 i i e
taHEFD33_045_00010 dat
taHEFD33_045_ave dat 0

taHEFD33_045_ave dat MN
taHEFD33_046_00001.dat -1

o e oo ml"W‘\J'*“llw|*fﬁ,‘.5'|’w“4,w.mwwr“

taHEFD33_046_00003 dat 2
taHEFD33_046_00004 dat
taHEFD33_046_00005 dat -3
taHEFD33_046_00006 dat

A

Macromolecules

Tree

+

Save Cancel




Improved feedback with ISPyB

Gurser Gnore Porod
Macromolecue Concertranion Scabering Frames [Averaged/Tosx]
Pg (nm) Pores Gty (W) Ka) Pg (rm) To= Dreas () Vo2 (ne) MM WD) Vol e
&3S Las 7 033 matyy 323 0 -82(42) 7858 78.16 326 053 1081 31 52-802
+£800344e2
4 ] WSEFIG3 (Nt XN)
033 (0t )

Darewver Oavik Ceoswin | Nesged
feraver N3ph > derfiph > erminpb v Paks 3 =

EMBL

YEARS | 1974-2014




ldealised Solution SAS Experiment

™\ Solution Scattering Data

N \ from Protein of Interest

Black Box

Neutron or X-ray source




The black box should not be scary
It should be reasuring that it is accessible

e e
= =
PSP PRV F N, P—
CT TR T
B2
—
N
,,,,
B S PO
L] I e 886
!

Automated data acquisition

With feedback
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