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Why SEC-SAXS?

m Difficulty due to innate properties of macromolecular biological sample:
- Inter-particle interactions (inter-molecular interactions).
- Aggregation.
- Structural dispersity.
=>» They are usually concentration-dependent.

m SAXS curve (scattering profile) is easily disturbed by a small amount of those effects.

m Many analytical and modeling programs are designed behind the assumption that data
is of monomodal and monodisperse sample without any inter-particle integration.

sample
—-> SEC-SAXS
SEC column m Could obtain monomodal sample.
m Less inter-particle interactions at the same conc.
m Accurate background subtraction.
——
X-ray

detector



Chromatography at BL4-2

Akta Ettan FPLC UltiMate 3000 UHPLC
(GE Healthcare Life Science) (Thermo Scientific)

m2 pumps (2 solutions) m 2 pumps (6 solutions) w/ degasser

m 3 UV/Vis detection m 4 UV-vis channels (up to 200 Hz)

m 50-100ul sample loop m Auto-sample changer

m Software: Unicorn m Tandem Analyses for HPLC High Throughput

m Refractive Index detector
m Software: Chromeleon



Current SEC-SAXS setup at BL4-2 (2" Gen)

m Better data with low sample consumption.

m Easily switchable to regular static
setup using SAXS Autosampler.

(Autosampler compatible mode)

Solvents (Buffer)
and
Rear Seal Wash =

solution

Solvent Rack
with Degasser —
(SRD3x00)

Pump -
(DGP-3600RS)

Autosampler -
(WPS-3000TBRS)

Columns

UV detector —
(VWD-3400RS)

Column switching valve

m UHPLC software: Chromeleon
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SEC-SAXS procedure at BL4-2

Standard method
m Use two Superdex 200 increase columns (2.4ml) for tandem data collections.

m Flow rate: 0.05ml/min (0.04ml/min for Superose 6 increase column).
m Injection volume: 5-50ul (max 100ul).

m 1sec exposure every 5 sec, total 500 images.

m Room temperature.

m Use SECPipe for automatic analysis..

m First 100 images will be used for the blank.

m Thorough cleaning to remove capillary fouling (~15min).

m 60min per data collection.

Most parameters are customizable

m Possible to fasten data collection (up to ~30min per data collection).
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Available SEC columns at BL4-2

Mw range Sample Column efficiency [Pressure limit at BL4- Standard flow rate
Flow rate (ml/min)
(kDa) volume (ul) (N/m) 2 (bar) (ml/min)

Superdex 200

10 - 600 4-5 >48000 0.02-0.1 0.05 (or 0.075)
Increase PC 3.2/30
Superdex 75 PC
HhEtes 3-70 4-50 >43000 25 0.02-0.1 0.05 (or 0.075)
Increase 3.2/300
s 61
uperose b Increase g 5000 4-50 >48000 25 0.02-0.1 0.04 (or 0.05)

PC3.2/30

m Small column (2.4ml) is used to minimize dilution.
m Do not expect buffer exchange during run (e.g. remove glycerol from sample)
m Elution profile would be different from that with large column.

m Can extend injection volume by 100ul if sample is monomodal & monodisperse
sample with a small number of aggregates.

- Dilution factor at X-ray position: ~60-70% (@100ul injection)
- Good for low concentration sample.



Blu-Ice: SECSAXS tab

m Automatic SEC-SAXS data collections and analyses up to 50 runs.

Blu-ice 5.0 for BL4-2.
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Shutter Control; a strategy for minimizing radiation damages

UV absorbance

m Minimize undesired capillary fouling before the elution of interest.

m Can close and open shutter manually when encountering unexpected elution profile.

*in case of standard setup

~42mim/~2.1mL*

Image #

'y
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SECPipe: an automated SEC-SAXS data real-time processing and analyzing pipeline.

m Implements the program SASTOOL and ATSAS AUTORG.
SASTOOL: data reduction program of BL4-2.

m Requires no user intervention.
m Real-time Guinier/UV plots.
m Creates a current sample folder inside the analysis folder with following data.

- 'sastool’ folder - results of sastool, containing individual scattering curves.

- 'average' folder - scattering data averaged in sets of 5

- 'plots’ folder — plots showing Rg, 10, Igmin and UV data during the elution. Also those coordinates.

m Other SEC-SAXS program and software are also available. -
- US-SOMO
- BioXTALS
- bl4-2dat: can take care of the delay volume
and calculate 1(0)/UV plots.

bl4-2dat




Rg/l(0)/I(qmin) plot

m A useful plot to check SEC-SAXS profile at a glance:
- Contamination of aggregates
- Capillary fouling caused by radiation damages
- Radiation damage of Capillary
- Buffer mismatch.

m I(gmin) is an experimental intensity value at low ¢ region
(e.g. 6" data points from low q side.
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100 . r
Rg ©
90 10y ©
I(gmin) © =

Rg (Angstrom)

| 1 L
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SEC-SAXS mode for higher efficiency and selectivity

m Minimize internal volume and undesired dilution caused by connectors, valve, splitter, etc.

- Optimized needle size and position.

m Improved delay volume and time.
m Achieved the same resolution at HPLC’s UV detector and dilution is now negligible.
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SEC-SAXS mode for higher efficiency and selectivity

m Minimize internal volume and undesired dilution caused by connectors, valve, etc.

- Ontimized needle size and position.
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Overcome radiation damages

What you could do to improve data...

m Use radical scavenger(s):
-DTT
- TCEP
- Glycerol
- Ascorbic acid
m Increase beam energy
m Faster flow rate

At BL4-2
= Shutter control

m Rotating X-ray positions on capillary



Practical consideration and discussion
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Potential troubles when using small analytical column

m Concentration-dependence.

=» Different infection volume.

m Unexpected structural dispersity at higher sample concentration.

m Do NOT expect buffer exchange during SEC.

m How/when did you prepare/concentrate the sample solution?
m Temperature for storage and data collection.

m Actual sample concentration at X-ray position.

m Higher salt concentration, glycerol, sugar, etc.

m Performance of SEC-SAXS is depending on quality of SEC column.

- Selection of SEC column, injection volume/conc, etc.
- How to manage share columns at beamline?
m Further computational approach and complementary experiments.

Conc. dependence




Programs for further SEC-SAXS analysis

US SOMO

US-S0M| LC

m US SOMO

m CHROMIXS (ATSAS):
m BioXTAS RAW

m SCATTER
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|
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Some examples
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