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SAXS Data: Sample shape and intensity
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Guinier region

m Log(l)vsq m Log (1) vs g2 m Log (1) vs Log (q)
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Visual inspection

m Log (l) vs q

m Log(l) vs q

m Log(l)vsq
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Image of silica spheres

Intensity
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Sample size and intensity

m Theoretical SAXS profiles from a “globular” sample

Guinier region for lysozyme

| ——Lyso (Rg=15.1A, Dmax=52.6A)
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The g-region containing size and shape information is size-dependent.
- Need suitable experimental setup (e.g. x-ray energy, detector distance)

- Decay of intensity is associated with size.
- Guinier region is size-dependent.
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SAXSPipe (automatic analysis pipeline at BL4-2)

m SAXSPipe is designed for a quick data check at beamline.
m Need to analyze your data carefully by hand!
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Reference: plateau at low angle part of log-log plot. Y

The accurate assessment of small-angle X-ray scattering data. i e
Grant TD, et, el., Acta Crystallogr D. 2015 71:45-56. "




Real time processing and Guinier analysis on Blulce

Blu-ice 5.0 for BL4-2.
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SASTool output files

m .dat file: SAXS profile of individual frame (w/ or w/o background subtraction)

m .tot file: averaged SAXS profile before background subtraction.
m .sub file (_sub.dat): averaged SAXS profile after background subtraction.

Sample.tot (protein in Buffer, before buffer subtraction)

25 Buffer.tot \

2 x\\ Sample.sub (after subtraction)
"‘n'\qJH
Wwww\wm

— Main directory
(e.g. 20190101)

All images and .prp files.  —

Mo sub-directory. All analytical input/output files and directories.

(e.g.) (e.g)
Lysozyme_....._0000.tif [ - Integ.mpp (SASTool input file)
Lysozyme._....._000L.tif - analysis - mask_xoetif (mask file, tif format)
Lysozyme._....._0002.tif | - - mask_xoo.msk (mask file, fit2D format)
- Directory by automatic-analysis (SAXSPipe
L eves_0D0O. and SECPipe)
YSOZYME_..._ il Directory you need to
Lysozyme._....._0001.prp - :
L e 0002.pn indicate in Blu-lce
ysoryme_...._BU0Lprp (directory path).
BSA_....._0000.Hf
BSA_....._O0DLtIf
-
automatic_analysis: [ 4 [ 4 [ 4 -
Directory storing all results of automatic_analysis
SAXSPipe (automatic analysis | | )
pipeline for static SAXS data). \ )
%
Other sub-directories generated by other
programs like SECPipe if applicable.
9 sub_files sastool other_files
result.html: Directory storing all Directory storing all Directory storing all
HTML file of background-subtracted, SASTool output files output files of autorg
SAXSPipe averaged SAXS curves. containing SAXS curves and datgnom.

summary table. of individual frames.



Background subtraction

Sample.tot (protein in Buffer, before buffer subtraction)

3.5 7
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m Need to double-check sastool output files in your lab (especially tot files)!



Kratly plot

m Good tool to evaluate flexibility and morphology of your sample.
m Compute theoretical curve if atomic structure or model is available.
m Sample has flexible loop or tag?

m Need to choose right software/program for further analysis.

ﬁ Globular protein

Power law

Globular: g
Rod:g?
Disk:q2

Gaussian chain: g2

Unfolded protein

q?l

Multidomain protein with
Seo flexible linker

T ———— — -
—_——-—_——--

i -

Partially flexible protein

Multidomain protein
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Over and under subtraction

m Right buffer m Over subtraction m Under subtraction
Blank buffer is identical to Ex) Only buffer contains 10% Ex) Buffer mismatch between protein
that of protein solution. All curves glycerol. Dilution series were made solution, blank buffer and buffer used
(different concentrations) have by the buffer without glycerol. for making dilution series (10%, 0%

same level at high q. and 1% glycerol, respectively).
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Background subtraction and P(r)

l(q) (a.u.)

m Under- and over-subtracted data should result in
positive and negative P(r) at r=0.
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Check for all data at different concentrations

m Peak position on Kratky plot is associated with size of scatterer (sample).

Different protein concentration curves on Kratky plot
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Do not merge curves if peak positions are different.

I*g?2

Scale all curves (different concentrations) at peak position on Kratky plot.
Peak position is generally insensitive to weak interparticle (intermolecular) interactions.
Be very careful about father analysis if peak positions are different.

Monomer-Dimer equilibrium

Dimer <€ Monomer (lower protein conc.)

q
Similar phenomenon could be observed with:
Strong intermolecular interactions, assembly,

disassembly, dissociation from complex,
multimerization, aggregations, etc.

Pertinent details: Dimentionless Kratky plot



Radiation damage

m Lysozyme: 1sec x 20 images. No DTT in buffer. m Lysozyme with multilayer beam
S (flux: approx. x30 higher)

‘Lot data
PLOT

(1> lyco-20c_02B_S018_0_01.dat Hutch )\ 3\ SAXS Y USAXS \ SolSAXS) TRSAXS\ LpSAXS) Users \ Oxlahel )| Sewp \\

2> lyso-26s_62B_SB13_8_02.dat Hutch | Collect |smenmg| Scan | Users | Toos |w|  pevelopertoos |v|  views [+

(3> lyso-2Bc_B2B_S018_0_03.dat
(4> lyso-26s_B2B_S618_9_18.dat
5> lyso-2Bs_B2B_S618_0_15.dat
6> lyso-28s_B2B_SB18_9_20.dat

[ gonio_phi j Move by | Move 1o | Undo | Scan H

Position: 0.0000 deg 01000 | dey Anort | Configuration
ideo

Sample \  Hutch \ Robot Y\ Panel Y\ Diffraction,

Select Preset ﬂ i
Video Snapshot S8

18 May 2014 12:06:!

osc 75131
16 May 2014 12:07:

Cosc completed successfully.
751031

56 PM
01 Py

25-Mar—2016  15:59:14

. Spear Current: | unknow mA User:| Passive Shutter: closed  12:08:06 Ph

m Radiation damaged sample frequently adheres to capillary cell.
m Add radical scavenger (e.g. 5mM DTT) in sample and buffer.



Estimation of radius of gyration (Ry) and 1(0)

1(0)= N (4pV)2 = CApAVMWIN,,

\ l,-.\ D 2 ﬂ2

Linear (good)

‘Deviation




Rg vs Mw
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m Make sure if experimental Rg is reasonable or not.

m Elongated, flat or flexible protein may have larger Rg.

mRg of BSA dimer is ~42A.
m If high resolution model is available,

Mw vs Rg
H 100
calculate the theoretical Rg.
& 669,
@ 440,705
50
€ 200,422
< @ 232,384
g? € 158,35.1
®¢1507332.5
30 29.9
@ 45, 26.6
20 ¢ 29,20.8
€ 25,185
¢ 137,158
@ 143,143
10
10 20 50 100 200 500

Mw (kDa)

75.6

Protein: Mw (kDa)

Ribonuclease A: 13.7
Lysozyme: 14.3
Chymotrypsinogen A: 25
Carbonic anhydrase: 29
Ovalbumin: 45

BSA: 66

Alcohol dehydrogenase: 150
Aldolase: 158

Glucose isomerase: 173
Amylase: 200

Catalase: 232
Apoferritin: 440
Thyroglobulin: 669

1000
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Concentration dependence

I(q): Intensity
- I(q) = Imonomer(q) Sintermolecular(q)

I(q) = P(q) S(q) P(a): Form factor of your sample
S(q): Structural factor

log-log plot

Monodisperse sample
should have a plateau at low
angle part of log-log plot.

m Ideally, the conc-series should have no difference at a few low concentrations. Otherwise
zero-extrapolation is required (see next).

m Need to measure sample as low a concentration as experimentally possible.

m Buffer is reasonable?
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Merge curves

m Merging curves manually

\Low concentration data
S High concentration data
I -~

PRIMUS (ATSAS)

m Automatic merge programs are available.
- Almerge (ATSAS)
- SAXS Merge (UCSF)
- etc.



P(r) estimation, example using primusqt (ATSAS)

g Primus Distance Distribution Wizard
Distance Distribution Analysis
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3 —- 4 -
7 - ]
4 3 -
- : i
=2 ~
o 1 — ]
=] ] o
—_— 2 —
0 ]
] 14
-1 ]
- + 0 —
LU s s L B e e e e LA e s s e s
0 0.1 0.2 0.3 0.4 0.3 0 20 40
s r

Quality £5.58
Experimental Rgfly  29.66 2458.00
plr) Rafa 29.56 2458.00
Porod Volume 105377.00

System | Arbitrgrlanadispeige ~
el Y
ERE El/
-

-

'é
Range\ 13

Setup Paint Collimation -
e ———
P ——
Deee \ 100.76 EI
~ -
Rmin=" T Rmax=0
Points 139 =
Alpha rﬁ.ym———_\@
| Autognom

N -

Save ]| < Back |l Finish I

g-range

Dmax

Autognom button



P(r) estimation
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5 Primus Distance Distribuben Wizsed E 75 Primus Distance Distribution Wizard 7 >
Distance Distribution Analysis Distance Distribution Analysis
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Guner R0} 29.30 3445.00 Guinier R/1{0) 28.22 244000
4 o) RADY .30 245,00 o oiF) Rafo) 3.2 2
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P(r) estimation

#5 Primus Distance Dis . [ Jomtid |
~=nened RESUIt by Autognom (low resolution)

i fUsersfmatsuifl

Quality 6128

R Experimental Ryflo  29.93 2467.00

4 plr) Rafle 29.94 2457.00
Forod Volume 105496.00

Perfect fitting from _% o

3; Range 13 B = B

low resolution part. ) r—
Q'Z‘- Deee  100.76 =]

i [#] Rmin=0 [¥] Rmax=0

Ponts 19 %]

Alpha ¢ﬁ1.auuu E.\
(. | Autognom button

g

T T T T ™
0 20 40 60 80 100
A

(s [ <pc | [ Emen |

Tail is converged
5 Primus Distance Distribution Wizard SmOOth Iy (& fomsison |

Distance Distribution Analysis
C: JUsers ftmatsui/Dropbox/2016_Workshop/2016_Workshop_Test_Data/BSA_SEC_SAXS_moromer/bsa_265-269.dat

Quality 65.58
J Experimental Ryl 29.66 2458.00
4 plr) Rafle 29.66 2458.00
Porod Volume 105377.00

] - Monogs R \ Expand g-range to
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B

24 Do 100.76
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] ~ influenced by
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Save < Back Finish




Molecular weight (Mw) estimation

m Standard curve
IVIWexp / |(0) exp ~ Mwstandardll(o) standard

m Water scattering (available in Graphit)
Orthaber et al., J Appl Cryst (2000) 33, 218

m SAXS MoW*
JAVA applet (http://www.if.sc.usp.br/~saxs/)

m Porod volume®
Mw =~ Porod volume *0.625

m DATMW (ATSAS)*

m Volume of dummy atoms”
Mw =~ (Dammif or Dammin volume)/2

*scale & conc. independent

Gl x
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