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The scattering experiment
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Scattering from a single atom




Interference pattern from two atoms







Interference pattern dependence on
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Interference pattern for a regular array




Interference pattern for an irregular
array




The small-angle scattering signal

Small-angle
-4~ scattering
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Contrast in small-angle scattering




Contrast in small-angle scattering




Contrast in small-angle scattering
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What I1s a low-resolution structure?

High-resolution image Smeared image ~10A/pixel
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What is a form factor?

* A(q) for an object of uniform scattering density is given by:

A@) = [ Ap(r)-e“"dr

« The form factor (which will be referred to a P(g) herein) is related to
the scattering amplitude A(q) by the following:

A(q) - A*
P(q):< (@)- A*(@)),

(ApV )




Form factor of a uniform sphere

3Ap.V.[sin(gR,) — qR, cos(qR,)]

10! T
10°
101}
(qR.)

- 103 -

"_E’ 104}

E]

£

= 10°}
106+
107}
108

3lsin(gR,) - gR, COS(QF\’S)])2
(aR.)’

A(q) =

Ps(q)=£




Relationship between I(g) and P(q)

* For a single object in solution:
1(0) =(A@)- A*(a)),,
=(apV )" P(a)

* For an ensemble of non-interacting objects:
N
(@)= (4pV,) P(a)
+ If all objects are identical:

1(q) = N(ApV ) P(q)
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Requirements for shape reconstruction

* The intensity profile must be a good approximation of the form factor
for the object.

1(q) oc P(q)

— Pure homogenous solutions / monodisperse (identical particles)

— Approximate dilute conditions (no attractive or repulsive
Interactions between particles)




Form factors for a variety of shapes

—e— Solid sphere
lg I(s), relative —»— Long rod
Flat disk
0 4 —e— Hollow sphere
—s— Dumbbell
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The pair-distance distribution function
(PDDF)

 Is a histogram of interatomic distances, and is related to 1(q) via

2smqr

(r)——j ()

« Also, the I(q) can be calculated from the p(r) via

@ =47 | p(r) " Phar
e




What is the PDDF?
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The PDDF and P(q) for a variety of
shapes

—e— Solid sphere
lg I(s), relative —— Long rod
Flat disk
04 —e— Hollow sphere
—s— Dumbbell
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Shape restoration

T= 8.180E-02 Rf =8.780123 Los: 8.186% DisCog: 0.8185 Scale = 0.132E-11
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Log file = Z:\AEW\Scattering Data\Frames\Pilatus2_im\datfiles\Lecture.log
26—Mar—-20612 #8:084:36
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Shape restoration

T= B.338E-85 Rf =A.88467 Los: B.8655 DisCog: B.8008 Scale = BA.778E-11

Compact (i.e. each
woon bead makes

wInn- contact with as
» - many other beads
~ as possible)

Connected (i.e. no
beads are isolated
from the main

structure)
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Log file = Z:sAEWsScattering DatasFramessPilatus2_imsdatfilessLecture.log

26—Mar—2812 Ag:38:14

Nuclear-based science benefiting all Australians




Shape restoration
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Rigid-body methods




Rigid-body methods
(complementary information)

Mutations that disrupt domain-
domain interactions (for
example)

Final model has same shape as
before, but enforces interactions ‘

between residues involved in
domain-domain interactions
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