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What can we learn from solution SAXS
Model independent parameters:

Behaviour in different buffer conditions:

(find optimum conditions)

Dynamic investigations under physiological conditions:




What can be done if you know more!

Experimental X-ray scattering of the PYRL1 protein
in solution in the presence of 1ImM (+) ABA.

Scattering curves for possible ensembles were
calculated.

Only the curve for ensembles AB/CD produced a
good fit to the experimental data (x=0.72)

SAXS demonstrated that the AB
ensemble corresponds to the
biologically relevant form found
under physiological conditions.

J Santiago et al. Nature 462, 665-668 (3 December 2009)




Functional study of Phosphoglycerate
Kinase (PGK)

« Catalyses 7t step in Glycolosis

* [t activates L-nucleoside analogue drugs in the
treatment of AIDS and Hepititis

« Implicated in oncogenesis

* Drug target for obligate anaerobic pathogens




Phosphoglycerate Kinase (PGK)

Rg Open 2.33nm

Banks RD, Blake CC, Evans PR, Haser R, Rice DW, Hardy GW,
Merrett M, & Phillips AW (1979) Nature 279, 773-777.

Cliff, et al. (2010) J. Am. Chem. Soc., 132, 6507-6516



SAXS analysis of PGK: APO (open) from significantly more open

Rg SAXS 2.42 nm

DEN refinement used to allow flexibility in the linkers to overcome clashes and
provide an atomic model

Zerrad, et al. (2011) J. Biol. Chem., 286, 14040-14048




SAXS analysis of PGK: shows larger domain movement than expected

rotation from open to closed
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SAXS analysis of PGK: shows the domain movement during catalysis

A R e e AR . )
Protein complex ’ % Open % Closed Chi square
of fit
(nm)
100,000 .
1| Apo 242| ND N.D 1.08 (DEN
model)
10,000
Fully Open
| | 3PG-AIF,-ADP 2.24]| 39.3 60.6 1.36
T X
g 1,000 Locked closed
= .
) ! ] 3PG-ATP 234 925 7.5 7.55
(14 T
) s 3PG.ATP Active Turnoyer |
O N N R, ) 3PG-ADP 237 96.5 3.5 0.9
100 -
3PG 240 96.6 3.4 2.75
10 Individual
[ substrates
ADP 242  96.7 3.3 5.15
1t . crystal structures
, , ... [ Open 2.33|
0.5 1 1.5 2 25 3 3.5 4
s [nm"] | Closed 2.17]

Zerrad, et al. (2011) J. Biol. Chem., 286, 14040-14048 EMBL
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Refinement of Rigid Domains

DEN refinement using SAXS and MX data
allows visualization of domain movement

Zerrad, et al. (2011) J. Biol. Chem., 286, 14040-14048 EMBL =i
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Adding Missing Linkers

Modelling of proteins from high resolution fragments/constructs
replacing missing portions BUNCH or CORAL

Bunch P32

High resolution structure from X-ray crystallography showed missing portions due to disorder

Questions:
is it hexamer or dodecamer in solution?
Where are the missing residues

EMBL

YEARS  1974-2014




ADb-initio Modelling

Modelling of proteins 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 proteins 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
Protein 1 Protein 2 or solvent
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Nucleic Acids Res. 2013 Jan 7;41(1):667-76

SAXS analysis of yeast
Arclp-complex

P(r) Plot

1) MetRS:Arclp:GIuRS + tRNA
2) MetRS:Arclp:GIuRS

3) GIURS:Arclp

4) MetRS:Arclp

5) GIURS

6) MetRS

7) Arclp
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Nucleic Acids Res. 2013 Jan 7;41(1):667-76
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SAXS analysis of yeast
Arclp-complex

P(r) Plot

1) MetRS:Arclp:GIuRS + tRNA
2) MetRS:Arclp:GIuRS

3) GIURS:Arclp

4) MetRS:Arclp

5) GIURS

6) MetRS

7) Arclp




SAXS analysis of yeast Arclp-complex

A B C

Nucleic Acids Res. 2013 Jan 7;41(1):667-76




SAXS analysis of yeast Arclp-complex

A

Nucleic Acids Res. 2013 Jan 7;41(1):667-76




ldealised Solution SAS Experiment

™\ Solution Scattering Data

from Protein of Interest
5 S ‘.‘ . .,t :f,.;,.",’
\i" ¥ ; -,.’, ‘; ¢ N\ ®

log(l)

L5
s [nm!]

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
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What exactly IS the Black box?

BM29-OH




What exactly Is the Black box?

ESRF
double multilayer bending magng
’ monochromator =~ m =
flight tube | Same ast mo;oc:_lraﬂ:atlc o o G
M in capillary shutter cam SIS B - ' ! white beam
— :-.—_--[_i._-?;___—____r’: | _-”_\ “= mask  slits
: | | e ——__
detector 2. L— energy
SC/HPLC beam , ) calibrator
cleaning slits toroidal mirror
source

F— I — |

45 m 425 m 31.2m 27.3 m 0
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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 '



Shape reconstruction requires:

MONODISPERSE!

samples in solution

Pure protein (>90%)!
In only 1 oligomeric state!
NO aggregation!
Free from interparticle effects!

Before going to the beamline users are encouraged to use:

HPLC/FPLC purification
MALS/DLS
Analytical ultra centrifugation




open closed

ARg = 0.35 nm

Round A, Brown E, Kapp U, Westfall CS, Jez JM, Zubieta C. (2013) Acta D




Online SEC GH3-12

In(l)

s (hm™)

Round A, Brown E, Kapp U, Westfall CS, Jez JM, Zubieta C. (2013) Acta D

AR; = 0.35 nm

Aggregation!
Standard experiment
gives no answer




Current status of BM29:

Malvern currently in place Shimadzu installed over Easter
but will be moved to prep lab and is already available to users

EMBL




Online SEC In ISPyB
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Online SEC In ISPyB
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Online SEC
. APO %
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Biophysical characterization

Round A, Brown E, Kapp U, Westfall CS, Jez JM, Zubieta C. (2013) Acta D




Online SEC

| Relative

APO
closed state APO flexibility

Round A, Brown E, Kapp U, Westfall CS, Jez JM, Zubieta C. (2013) Acta D

open closed

Rg (nm) Drmax (NM)
2.75 £0.05 9.0 £0.3
2.75 £0.05 9.0 £0.3
3.04 £+0.04 11.0 £0.5




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
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Background improved with scatterless pinhole




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

SC compatible Microfluidics
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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




Fit Structure to Data

a

-10

o

0 0.1 0.2 03 0.4 0.

q (nm-1)

Created by CREYS0OLv. 28 on 23-Dec-2014 11:06:02
EBatch: crysol -err -csttmplbiosaxsworkflows/2014-12-23 11-06-01/pdb3n9g.pdb /data/pyarch/fbm2%opd29/2604/1d/Data_050_sub.dat

Datafile name ... Hdata/pyarch/ibm28opd29/2604/1d/Data_050_sub.dat
Model: fmpfhiosaxsworkflow Bg: 24.90 Run: 00 Chi: 14.01

EMBL

YEARS | 1974-2014




Superposition X

Abinitio Apriori Aligned
BSA_0008-1-1.pdb dimer .pdb BSA_0008-1-1_dimer.pdh
BSA_0008-1-1.pdb monomer.pdb BSA_0008-1-1_monomer.pdb

YEARS | 1974-2014




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

Black Box

Neutron/X-ray beamline
Home source
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Solution Scattering Data

from Protein of Interest
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s e 0




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

3 December 2009 | www.nature.com/nature | £10 THE INTERNATIONAL WEEKLY JOURNAL OF

Automated data acquisition

With feedback
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