SAXS

Small angle X-ray scattering

- rozptyl rentgenového zareni v malych uhlech
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SAXS

Vzorek - pevna latka, tekutiny, vrtsvy
- koloidni roztoky
- CasteCneé usporadane systéemy

Informace - velikost a tvar ¢astic, distribuce pordu,

Aplikace - kovy, plasty, oleje, nanocastice
- potraviny, farmaceuticky prumysil



Biologicke aplikace
Vzorek: protein, nukleové kys., komplexy v roztoku

1. Obecnée strukturni parametry

2. Tvar castic

3. Homogenni vs. agregovany vzorek

4. Slozeny vs. neslozeny protein

5. Oligomerizace, interakce, kvarterni struktura
6. Modelovani molekularni flexibility



Nanocasticove aplikace

Vzorek: koloidni roztok nanocastic

1. Obecné strukturni parametry

2. Tvar castic

3. Homogenni vs. agregovany vzorek

4. Distribuce velikosti (polydisperzni vzorky)
5. Core-shell struktura

6. Distribuce a velikost poru
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SAXS - vyhody

. Shadna priprava vzorku

. sleduje chovani molekul v roztoku

. uzitecny pred 1 po vyreseni molekularni struktury
. rychlost experimentu

. heni limitovan velikosti molekul

SAXS - nevyhody

. rozlieni ~10-20A
. hejednoznacna interpretace
. heexistuje R

faktor



RozliSeni SAXS modelu

1. Braggovo
q = 0.006A™ ~ d = 1000A g 27
g =06A* ~d=10A !
2. Efektivni

“low resolution structure” ~ bez Ciselné hodnoty
odpovida mapé el. hustoty s rozliSenim cca 20A



RozliSeni
SAXS 10-20A

5A 10A 15A 20A

50A
RTT complex ~7000atoms



Odecteni prispevku solventu
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SAXS strukturni informace

Resolution, nm
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FIGURE 1 Theoretical x-ray solution scattering curves computed from
atomic models of 25 different proteins. The upper axis displays the spatial
resolution A = 2w/s and the text labels indicate the levels of structure
organization characteristic of this resolution.
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Guinier plot

Analyza rozptylove krivky ve velmi malych uhlech

Intensity (log scale)
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1. Odchylky od linearity — agregace (nepriznive ovlivhuje sbér a interpretaci dat)

2. Polomer gyrace
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Kratky plot

Kompaktnost molekuly
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Pair distribution function

p(r), relative
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SAXS modelovani tvaru

Program DAMMIN

lg, relative

 ~ o Expgrlmental
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Final Model
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SAXS experiment-synchrotron
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SAXS experiment-domaci zdroj
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Rotating Anode: MicroMax-007 HF

Tube tower Filament Anode
o 2 X-ray ports * Tungstem (W) e 99mm diameter
* 0.2mm Be windows  70pm focal spot « Cu-target
* integrated vacuum pump « 9000 RPM

e water-cooled e water-cooled



Confocal Max-Flux Optics

Reflector #2

Focal Spot

Reflector #1

« 2 perpendicular multilayers
« flux maximalization

e spectral purity

« spatial definition




Kratky block

e pair of colimating blocks

* blocks are parallel and rotatable
 produce symetric beam

* detector in fixed position




Sample Capilary

e Sample volume 15puL (30-40uL)
» Glass capilary in steel holder
« Manual handling



Motorized Sample Holder

Rigalkw

1 powder standard 3 sample positions

/
/ / /
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temperature control
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Beamstop

* Photodiode beamstop

* Intensity measurements for:
- Sample absorption correction
- Sample possitioning

- Kratky block alignment Mo S ———————
———————————————————————————————————




Pilatus 100K

* CMOS hybrid-pixel technology

* Single-photon-counting mode

* Pixel size 172 x 172 [um?]

« Counting rate per pixel 2 x 10° [photons/s]
* Area 83.8 x 33.5 [mm?]



Direct beam

360 5.1°

Direct beam image from BioSAXS-1000, aqusition time 3s

6.3 °

7.2°

81"



SAXSLab2.0.1b2

ﬁSAXS

File Edit View Instrument Process Help
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Odecteni prispevku solventu

File Edit View Instument Process Help
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SAXS experiment-Guinierova
analyza

Program PRIMUS aproximace 1(0), Rg, agregace
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Intensity (log scale)

a=—1(0)

SAXS experiment-Guinierova
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SAXS experiment-Kratkého analyza

Program PRIMUS - Folding, Porod(v objem
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SAXS experiment - P(r)

Program GNOM - Tvar, d

X

GRUplot
28-Segp-2009  16:59:20
Input Filefs) @ lyzexp,dat *** JOB = 0
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ol ——
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SAXS modelovani tvaru ab initio

test shody:
\ lei !ﬂp(qk)_f"!m(qk)
k=1 0 (4,)

1(q)
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SAXS modelovani tvaru

Program DAMMIN

lg, relative

 ~ o Expgrlmental
—— —— Starting Model
Final Model

Final




SAXS modelovani tvaru

Program GASBOR

Chain-like GASBOR model slozen
z univerzalnich residui (Dummy

residues) s prlimérnou el. hustotou
a rozestupy ~0.38 nm

Pozice stfedu kuliCek odpovida C°
PocCet kuliCek odpovida poctu aminokyselin
Vv proteinu



| tvaru

ani

Srovnani GASBOR vs. DAMMIN

SAXS modelov

Program DAMMIN

Program GASBOR



SAXS experiment - envelope
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Rigid-body modeling

Jsou znamy X-ray struktury podjednotek
Neni znama kvartérni struktura

Automatické hledani

Interaktivni hledani
Doplnovani chybéjicich komponent (ab initio )



Rigid-body modeling

ASSA: manual refinement MASSHA: automatic refinement

51600 10180 e Tl -0 489S 25 46N
Hﬂ#iﬂﬁﬁm

LG I vs 4pi*sin{th)/Lam [1/4]

Angle=: 315. 14.1 446
Zhift: =1.00 =1.00 =1.00
6.5 Chi: 4.17e=3

8.0 [
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SAXS experiment - CRYSOL

teoreticky rozptyl vs. experimentalni data

oligomerni stav v roztoku pfi znalosti krystalové struktury

EAL )

o)

Dimer 1, (B/2 = 755 A?)
R,=2608A D_ =80A
max

Dimer 2, (B2 = 923 A%
R.=3404A D_ =120A

Dimer 3, (B/2 = 406 A?)
R.=283A D =9A

Dimer 4, (B/2 = 255 A?%)
R.=304A D_ =100A

Log(Intensity), relative

45 -

3.5 1

25 1

® experimental curve
M theta=90
M theta=0

0.02

0.04 0.06 0.08 0.10
q (A"



Intensity [arbitrary units]

SAXS experiment - CRYSOL

teoreticky rozptyl vs. experimentalni data

vyhodnoceni vysledk( dockingu

Model 1: SOSHistone-DH-PH-cat
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Model 3: SOSHistone-DH-PH-cat
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Model 9: SOSHistone-DH-PH-cat
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Molekularni flexibilita

vibrace |[fs]
rotamery boc¢nich fetézcu [ps]
ohybani B-fetézcu a a-helixt [zlomky ns]

rotace molekul v roztoku [ns]
pohyby domeén [ns]
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Flexiblilni systéemy




Flexiblilni systémy
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Flexiblilni systéemy

EOM - kombinace rigid body + ab initio modelingu

5%

10%

11%

18%
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Oligomerni stav v roztoku

OLIGOMER - linearni kombinace teor. profilt

Fractions: 0.15+-0.01 0.85+-0.01
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Volume fractions of components i
simple muxtures {linear case)

MIXTURE

Mon-linear modeling of interacting
mixtures of polydisperse particles

PEAK

Structura arnelers of partially

(- )

Database for rapid tein
characterization:
DARA

A Web-based syatem for rapid
charactenzanon of proteing nFlbv
arizon of experimental
scattering with a af pattémns
calculated from known structures

N
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Data Reduction and Processing:
PRIMUS

Primary daia analysis and
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Rigid body modelling:
MASSHA

ic system Io duplay and
munplﬂagae] atomuie strctures and low
resolution models, Allows | ||ﬂ¢:1:ln'¢
and local automated rigd i,;
refinement. Runs on Windows PC
machines,

ASSA

Manzal and H.I.IT-DI'I'IHJI.!:!I local mgid hnd_',.'
modelling and 30 ren

Runs on mx%mwwm{E& E

SASREF

Cuaternary siruciure defermimation of
multisubomt complexes by n‘h«}l ngid
body modelling, sccounting for
symmetry, multiple scatternn 'ttl.-a‘m

contrast vanation and N

BUNCH
Domain strocture determination against
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/ Ab initio structhure analysis:
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Lowe-rezolution shape determination
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Addition of missing fragments
& refinement of Oexible loops
conformation:
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Teoretické informace pro uzivatele

e obecné strukturni parametry
 homogenni vs. agregovany vzorek
* slozeny vs. neslozeny protein/DNA
 oligomerni stav v roztoku
 kvartérni struktura a interakce

e SAXS struktura s nizkym rozliSenim



Praktické informace pro uzivatele

« Sample volume: 15uL (30uL); pure and monodisperse :)
e Exposure time: 40min per sample (g=0.008; c>1mg/ml)

d,..: 0-008(0.005) - 0.65 A*; d_ =785/(1231) - 10 (20)A

ran

e Reservation system:
http:/lwww.sci.muni.cz/~necas/new/index_saxs.html

 Local contact:
klumpler@sci.muni.cz

marek@chemi.muni.cz



A4

Zaver

e Jak se provadi SAXS experiment a co je
mereno?

» Jak veliké Castice lze pozorovat SAXS?

» Jaké informace o vzorku Ize zjistit neprimo?
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