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Solution Scattering Data
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Developed by
EMBL-GR, HH and ESRF

. In use since September
2010 at ESRF

. Sister units at:
P12@PETRAIII
B21@Diamond

. Sample capacity

up to 3x96 well plates
from0.2to 2 mL

. Pipetting and mixing
enables remote data
collection




SC devek)pment Sample Volume

Cleaning time
Total cycle time

Manual sample handling

EMBL-HH 1st gen SC X33@DORIS ﬂ
¥

2" Gen SC BM29@ESRF
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Reliability
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Throughput
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Data collection protocols on BM29:

Additives

. No strict limitations but best to minimise where
possible to avoid complications

. Recommended
. < 0.5 M salt
. < 5% glycerol

Sample Volume

. Minimum 10 uL per exposure
. 30 pL recommended

Temperature . Minimum 3 concentrations required per construct
. Independent temperature regulation for ) Approx. 1-20 mg/mL
. Storage 4-40 degrees C . Plus buffer measurement for background subtractions
. Measurement 4-60 degrees C

Summary

. Users recommended to bring

Exposure Time

. Standard starting time (10 s) total volume of 100 pL of stock

. Easily modifiable in case of (Ideally > 10 mg/mL) solution per construct

Lo . (plus approx. 1 ml buffer for dilutions/background
SNR or Radiation issues measurements




Automated data collection

~Parameters.

.
File ‘ /datafid14eh3/inhouse/saxs_pilatus/Adam/May/ABscriptxml| J [ Load ] ‘ Save } ‘ Save as ] Bea m I I n e d ata
= acquisition interface
Storage temperature ] 5.00C }%‘ q
cmtmizs [ e initially used to define
Optimization [Sample code and SEU temperature { V‘
i sam ples and
Buffer mode [Firsxand After |V‘ .
Sisony [2011/05/13 15:36:12] INFO: Finish collecting 'May"... =) eX p e rl m e n tS
[2011/05/13 15{36{12] INFO.: Waitinf_; for end of flow... ‘m‘
[2011/05/13 15:36:27] INFO: Cleaning... A —=—
[2011/05/13 15:36:58] INFO: The data collection is done! E})
- l lUse | Type I Plate | Row I Well |Concentration| Comments | Code |Viscosity | Buffername | Transmission| Volume |SEU Temp] Flow | Recup.lWait Time | D¢
1 (43 iBuffer vhz A v” 9 |+ 0.00 mgm| :— hepes ph7 ‘BUFFI ‘; Bufl {v| 100.0% O
2_ 4 9% | sample ol ale] : 7v\| 1.00 mg/ml ;3“Construc!A HA :‘I 100.0 % %
3_‘}&@ “Sample g - ti‘é.SOmg/ml ’:;;[ConsnunA HA Low |+ iiloo.o% 3 Effective b ut .
4— 43 | sample » 2 Vv‘is.oo mg/ml ;‘f[construGA HA H‘Low - ‘ Bufl '.l 100.0 % % )
5_ 43X | sample = H 1.50 mg/ml i( Construct B H B U Low |~ ;‘ Bufl - ‘|1oo.o % %
s_‘fi»&@ ‘s:mp;f + 3.00 mg/ml ;’v‘lConsuunB ”B Nelgun {lmo.o% -] { % Time Consumin
7 |48 [sampie ~ | 6.00 mg/m : [ Constructs | B Low |viBul |~ ‘l 100.0 % 2 so0c ii;@] ® g
s_ 23 | Sample ;‘| 1.00 mg/ml :l ConstructABHAB H Low |« ii»Bufl = \| 1000% = 3‘} 5.00C 3;@ %
-9— 43 | Sample <] L: i[z.oo mag/ml j'f"ConslructAB HAB U Low |v ;1 Bufl v “ 100.0 % 5*}{30 ufl :H 5.00 C :{@ 3
; &% | Sample v 4.00 mg/ml ‘31!ConslructAB HAB H>Low v Bufl v jl 100.0 % 3 5.00C :JB] 1%
1[0 38 |[sampie|~]2 - }' 8.00 mg/ml *Avi_EIConslmctAB |AB :l 100.0 % ‘% ® E rro r P ro n e
; 4 9% | Buffer :‘ 0.00 ma/ml | {pes ph7 ATP i‘-BUFFZ :\r 100.0 % O
; 43 | Sample v H 1.00 mg/ml ;i:‘ AB +ATP HABATP v ‘I 100.0 % %
14 $x  sample ¥ 2.00 mg/ml ;3‘IAB +ATP HABATP v 1l 100.0 % %]
mens | sample 7 - 1'4.00 mg/ml |2 ;[AB +ATP “ABATP = :‘l 100.0 % % .
16 ‘I‘Z[S] [Sample v]’s.oo mag/ml H[AB +ATP ]’ABATP v][ 100.0 % % N O I Og g I n g
(]
[ Add Sample ] l Copy Sample J l Paste Sample J

“ Clear Configuration 1 [ Close 1




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

B 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 for experimental preparation

Estimation of required Volume

o to Shipment

Specimen . Estimated Volume
M ATP 200.00 w

I W PGK+ATP 150.00 w

1 M PGK + common buffer 150.00 .

[ M PGK+ p38buffer 150.00 .
M common buffer 200.00
M p3sbuffer 200.00




Improved feedback for experimental preparation

2 PGK

[ PGK B ATP 1.000 mgmi 5000w 2 A 1

O pPck B common buffer 1.000 mgiml 50.00 p 2 B 1

M PGk M 38buffer 1.000 mgimi 50.00 p 2 c L

0 FGK B aTF 2.000 mgm 5000w 2 A 2

0 PGk B common buffer 2.000 mgimi 50.00 w 2 B 2

[ PGk M 38buffer 2.000 mgim 50.00 p 2 c 2

I PGK W ATP 3.000 mgmi 5000w 2 A 3

E PGk B common buffer 3.000 mgiml 50.00 pi 2 B 3

M PGk M 38buffer 3.000 mgimi 50.00 p 2 c 3

1 .- Desp Well 2-4x(8+3)Block 3.- 96 Well plate

20 0 0 0 0 0 00 00 0 Qo @ @ 0O O ® O O|-0 000 0CO0OOOOOOO
e O 0O O 0O 0 O 0 0O 0 0O 0 e O 0O 0O 0 O O 0 0O 0 0 0
CDDDDDDDGDDDOBQQQOO .DDcDDDDDDDDDDDO
0 0000 O0O0OO0OO0OO0O0O0 0 0O 00O O0OOOOO O
e O 0O O 0O 0 O 0C O 0 0O O e QO O O O O OO0 00O 00 0
r0000OO0OO0O0ODO0OOOO|°? @ @ ©°0 ® 0000000000000
2 0O 0 O 0O 0 0 0 0 0 0 0 s O 0 0 0 0 0 0 0O 0 0 0
O OO0 D00 D000 PRcP P O OO OO0 Q|00 ODDODODOOODR O D




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
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Automatic aquisition = big data

Preliminary analysis is required to obtain feedback
on sample behaviour and data quality to ensure
experimental aims are met

Without automation significant experimental time
can be lost to data reduction

Online analysis is essential to help users work
better at the beamline




Data Processing: ATSAS tools in EDNA

a”

1D data
reduction

Curve
reduction

Image
Processing

Compare
buffers

to determine
the "Best"

Group all
protein curves
from same
construct

Radial
Integration
PyFAl

Frame
merging and
Radition
damage
detection

Subtract
"Best" Buffer
from protein

curve

Compare
curves

Idealized curve
Indication of quality
(similarity of all curves)

1D curve Protein Curve

Curve
Analysis

AutoRg

DATGNOM

Ab-initio Models

Model independent
Parameters

Code |

bl
€ DataModel /UL -




Improved feedback with ISPyB

Overview Measurements | Analysis 1D Viewer

Guinier Gnom Paorod
Macromolecule Cancentration Scattering Frames (Averaged/ Total) T +
Fg {nm) Points Quality (%) [[{E)] FEg (nm) Total Dimax (nm) Volume (nm3) | MM (kD) Vol. est
=]
taHEFD33 14.00 mgiml o o33 (10 of 10} 475 nm 19-37(18) 8395 Q0,78 4.94 nm 051 24.09 15427 Fr1l-1028
i +6.88402. ..
[0l taHEFD33 (10 of 10)
taHEFD33 7.00 mgiml 3.97 nm 12-42(30) 92.14 T1.21 391 nm 0.44 13.90 11254 56.3-750
L +4.1859-2
taHEFD33 3.50 mgiml . " o W B 337nm 50-77 (27 ) 7277 5953 344 nm 053 11.81 95.25 476-635
m T l +6.55654 ..
[ taHEFD33 (10 of 10}
| Rikek] {10 of 10)
taHEFD33 1.25 moiml W D3 (10 of 10} 3.23 nm 40 -82 (42) 7858 78,16 3.26 nm 0.59 10.81 a0.31 45.2 - 60.2
. +8.02344e-2
‘\_* [ taHEFD32 (10 of 10)
| Rvkck] (10 of 10)
taHEFD33 0.61 moiml . W 033 (10 of 10) 316 nm 27 -78(51) 86.16 78.8B6 3.20 nm 0.75 11.06 84 35 422-56.2

+9.98563. ..

(

[0 taHEFD32 (10 of 10)
| Rilek] {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




Porod
Macromolecue Corcersrasion Scanaring Frames [Averagad/Tosx)
G WMD) Vol et

12 37 3-82042 7853 7 16 053 1081 o 21 5 P_EDD
L3S P 351 3 23 0-82(42) B33 { 26 058 1081 o2 3 452-802

0%
o,
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Macromolecue Corcersrasion Frames [Averagad/Tosx)

Pg (rm)
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Summary of SC experiments

Easy, fast, reliable, fully automated

Online results and immediate feedback for better
experiments

Pipetting and mixing enable remote experiments
Sample characterisation and preparation are key

Mixtures, buffer mismatches, aggregation will destroy any
chance of finding an answer

Online purification and biophysical characterisation
have been implemented to help overcome these issues




Addition of Online SEC

YEARS | 1974-2014



Addltlon of Onllne SEC

4-way valve | Fridge
Fast automatic switching between Operationat4® Cor20° C
sample changer and HPLC modes

YEARS | 1974-2014



SEC data collection protocols:

Additives

. No strict limitations but best to minimise where
possible to avoid complications

. Recommended
. < 0.5 M salt
. < 5% glycerol

Sample Volume
. Minimum 50 uL per injection

. 100 uL recommended

. Approx. 5 mg/mL
Temperature

_ . Plus 0.5 L buffer per injection and equilibration
. SEC operation at 4 or 20 degrees C
Summary
Exposure Time .
. Users recommended to bring own column(s)!

. Standard 1 FPS (5 FPS max)

100 pL of stock protein per run
. S200 column ~1 hour

minimum 1 L buffer

. Incr lumn ~10 min
crease colu 0 S Buffers can be prepares onsite in EMBL user support lab upon request




Online SEC in ISPyB

e F ®E.
N ) (e |

Automatic output of 1D
1 files:

Merged buffer

0& Subtractions

0& (I}!!)?nrdg u?i?g geIaGK of 10 and matching Rg)
04
02|
0
0 100 200 300 400 500 800

HFELL Frames




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




Summary of online SEC experiments

Easy, automated switching to maximise efficiency

Online results and immediate feedback for better
experiments

Online sample characterisation
DLS
RALS
uv
RI

Mixtures can be separated

Buffer mismatches can be overcome

Aggregation can be removed




Future of online SEC experiments

Online SEC is increasing in popularity and requires
improved efficiency

New columns!
Superdex 200 increase columns
enable injections every 10 minutes
Offline system for equilibrating columns in parallel

Upgraded online system with multiple columns
Multiplexing

Automation of:
Injection sequences
Buffer switching
Data acquisition based on peak sensing?




Current developments

ISPyB
Ongoing addition of logic for crosschecking
Intuitive feedback on data quality within GUI
Automated optimisation of data acquisition
Link to HTX CRIMS database
Automated sample preparation

Smaller beam (scatterless pinhole)
Optimised for smaller capillaries
Minimise sample volume requirements
Enable microfluidics

Redesign SEU




SC compatible Microfluidics




SC compatible Microfluidics

Mixing part : Chaotic advection Droplet Generation part
.= (Flow focusing) — - - >
Mixing part : Chaotic advection
nE=nt—=nt—n o
4 C
// Observation part : serpentine or capilary tube

nEe=nt=n=—n .
Nne=nt=nt—ont—nt—n =
O = =

Observation part : Well arrays

(@) '\ Microfluldic Chip

e,

S

I_’_
\X-Ray Beam

BM29 Sample Holder

Protein
Buffer
Polymer

— \
MNkERS | | y-Ray Beam

BM29 Sample Holder

Carrier Fluid |

Microfluidic Chip




SC compatible Microfluidics

Potential use In:
Mixing studies

Time resolved measurements (seconds)

Dynamic screening of buffer conditions




Future

Redesign SEU

New multicolour light source
Photo activated / s

cence, etc.

itate Microfluidics
On axis camera / lighting

Fa




Summary of current operation

Automation of data acquisition and analysis for
both Static (SC) and online SEC (HPLC)
gives:

Reliability, Confidence, Independence,
High Throughput and Efficiency

Easy switching between experiments is
required to maintain efficiency and reliability

Frequent training courses in data acquisition
and analysis (EMBO, Hercules, BAG training)




»@= SAS validation Workshop

Commitment to Data Quality and integrity

28 Experts in Neutron and X-ray scattering
From 15 institutes in 7

NEUTRONS
FOR SCIENCE

oy ; S
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