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SAXS for biology optimized on the beamline SWING
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Abstract

SWING is a beamline devoted to (A)SAXS, WAXS and GA$AXS at SOLEIL, opened to all scientific
domains with no exclusion. The source is a U20aomwim undulator, thus providing a beam with small
size and low divergence. The energy range is 5€\7 (8i111 Double Crystal Monochromator) with an
expected flux of about 3®photons/s. Focusing of the beam onto the detetaoeps achieved by bending
two perpendicular mirrors (Kirckpatrick Baez configtion), thus being insensitive to a change in gyner
The size of the focused beam should be typicaly gt x 100 pm (HWHM). A large motorized table
allows for fine positioning of sample environmems17 x 17 crd CCD detector is positioned on a three
axes translation stage within a large chamber updienary vacuum. The sample to detector distance
ranges from 0.6 to 8 m. A friendly graphical interé written in Java allows for collection and oelifata
reduction, including automated determination ofusdf gyration, peak maximum intensity and wicgtc.
Absolute intensity measurements will be achieveddigg reference samples and calibrated monitors.
Despite its scientific versatility, a great effdias been made to provide biologists with optimized
experimental conditions. An in vacuum thermostateplilary cell with online measurement of UV-Vis
absorption will permit precise and reproducible sweaments of proteins in solution. An HPLC system
will be proposed for online purification. An autoted solution sampler is presently under optimizafar
high throughput data collection. The complete béulstry lab of SOLEIL, situated close to the beamli

is opened to those who need it.

users by the end of 2007.

/

SWING is at the moment under assembly and commisgjo We expect to welcome our first ext:
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To deliver a high brillance X-ray
beam, an in-vacuum undulator is
necessary: a gap value as small as
55 mm can be reached. The
magnetic design of the U20
undulator was made by the
insertion group of SOLEIL. The
mechanical and vacuum design is
close tothat developed at ESRF.

S0 [ sem |
TS TR TR

Theoretical calculations of
U20 brilliance as a function
of energy with constantly
optimized gap.
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Emission  spectrum  of
SWING undulator kept at

a fixed gap, g=12 mm, and
1=100mA, compared to
theory.

Measured with a diode
after the first mirror by

tuning the monochromator
energy

The white beam was delivered for the first time on
March, 1%h, in the monochromator optics hutch
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visualisor
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Absorption spectrum of a thin foil of Cu near
its K-edge @ 8.979 keV, with mirrors inserted.

The monochromator repeatability is better
than 0.2 eV
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The beam was focus

Beam size calculations made n 2003 or vertic
! and horizontal (ight) focusing

Image of the beam 2 m after the sample position,
obtained after first focusing with the bimorph mirr ors
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Focusing was straig

detector vacuum chamber.

tforward in the vertical di@tt while it still requires fine electrode HV E@nin the
horizontal direction. The vertical width was chetke remain around 100 um whatever the positiomiwithe

ed at the detector positiorhéofitst time on July

12th, just before the summer shutdown !
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Detector vacuum chamber (fbar)

+longitudinal displacement : 6 m

« transversal displacement (x2) : 40 cm
« easy opening of back part
beam-stops + 2 centered attenuators

A complete system of purification and automated sation sampler will be available for SAXS measuremerst on proteins in solution

Principle of the online purification / autosampler

Flow rate upto
1000 plimin

« Monodispersity is essential for SAXS measu vemems\

+ SE HPLC separates molecules according to their siz
« Oligomeric conformations can be distinguished
« Equilibrium states can be transiently separated

« No time lost in collecting solution from HPLC

Size exclusion

Incident X-ray

Flow rate 5-100 uimin 1
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UV Detector 280 nm) Agent ‘ SAXS
il

« Protein concentration series
« lonic force series

« Gain of time

« A step to high throughput

+<10 pl possible
K 2 ways remote control

supported
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This  proect  was

European Community
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Connection of the HPLC system to the SAXS measuremecell
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Quartz capillary

Standard HPLC
connectors

Nauos 39 sex

A step to high throughput

3 pl of water between two air
bubbles of controlled volume can
be inserted with high repeatabity. <]
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The injection system is presently
being optimized to get the same <

L5 mm diameter

1
e Capilary suppon, steel
" Themmalized by Peltier
elements and inserted in
a vacuum chamber, not

Sample Out

The SAXS measurement cell is inserted in

a vacuum chamber with a large angle exit

which can be directly connected to the

front of the detector chamber, thus

eliminating scattering by air or windows.

Fiber optics allow for ondine UV-Vis
° i

constantly points towards the sample
capillary.

Beamin,

The insertion of the set-up within the X-ray beam pth is facilitated by the larg
amount of space available around the motorized tdb for sample environments|

behaviour with protein solutions.

Flow :500 i/
min

The first tests performed
on the online SE-HPLC

. saxscel
) with a solution of BSA

m | weiced showed that no_dilution

s “ | occurs between the HPLC
exit and  the SAXS

uv-vis measurement cell.

UV-Vis  Spectro
MP

Fiber
optics

PCCD170 detector made specially for SWING by AVIEX

Small pixels.
Narrow PSF.

Java graphical interface for on-line data reduction

Contextual Menus.

! On line image display.
Online 2D 1D reduction

Evolution of a given parameter
(e.9.Rg) with time or # frame

Software donwloadable by users




