Phase Deter mination using Anomalous Scattering

What isanomalous scattering

what happens when a single X-ray photon is scattered
resonance phenomena

overall absorption spectrum

fluorescence spectrum

each element has a characteristic set of edges

Use of anomalous scattering for phasing

Introduction of anomalous scattering atomsinto the crystal

perturbation of scattering per
conceptual equalence to SIR/MIR methods
fundamental dferences to SIR/MIR

metalloproteins

corventional heay-metal dewatives
SeMet

Kr/Xe dervitization

Bri/I/Rb" quick dip

One wavelength techniques

breaking Laue symmetry

enantiomorph determination

Friedel pairs and Bipet diferences

Bijvoet diference Btterson maps

Bijvoet diference Burier maps

identification of heay atom sites (and which type of atom)
phase lilelihood distrilutions, Hendrickson-Lattman cdefents
phase combination

SIRAS (Single Isomorphous Resety Anomalous Scattering)
resohed anomalous phasing

SAS or SAD (Single-avelength Anomalous Dispersion)

Multiple wavelength techniques

Estimating ||, |F|, andAd
MAD Patterson types
Karle/Hendrickson equations
Pahler equations

geometric interpretation
treatment as pseudo-MIR

Combining diffraction with spectroscopy

EXAFS (Extended X-ray Absorption Fine Structure)
DAFS (Diffraction Anomalous Fine Structure)
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Breaking Friedel's Law

Friedel pairsare Bragg reflec;ions related byension through the origin
F=hw F =Frg

Friedel's Lawstates that members of a Friedel pawehequal amplitude and opposite phase
IFrid| = Pl Ori = PR

Friedels Lawv is brolen wheneer there is anomalous scattering. If all atoms scatter equally then
only the phase half of theviais brolen.

Fhid
Equal atom case:
all atoms have the same
=) scatter ing behaviour
Fri
¢ # -0

If some atoms scatter anomalously and sometdii@n both the phase and the amplitude
relationships of Frieded’lav are brolen. In this figure the black ams represent the scattering by
non-anomalous atoms, thie arrons represent thg” scattering by anomalous scattering atoms,
andredarrows represent” scattering by the anomalous scattering atoms.
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AF is larg est w hen the contr  ibution [ Ofrom AF is smallest (zero)w — hen the [ 0
the anomalous scatter  ing atomsis  TU2 out of phase contr ibution is in phase with that of the
with that of the non-anomalous atoms non-anomalous atoms
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Breaking Friedel's Law

Bijvoet pairs are Bragg reflections which are true symmetry\edents to a Friedel paifhese
true symmetry equalents hae equal amplitudesyen in the presence of anomalous scattering.
For example, in Space Gro )

IF 1= 1Fnul = PRl IF | = Pl = [Fril

A Bijvoet difference refers to the dié_\l_rencc_e in measured amplitude for a Bgv pair
AF =[F7| - [F |

A Bijvoet difference Patterson map, calculated with cdidientsAF?, should contain peaks
corresponding to interatomi@etors between anomalous scattering atoms only

A Bijvoet difference Fourier map is calculated with cdefients

(AF; $+90°)
(Important note: the phases are coming from sameee else!) This shouldwg a beautiful map
with a peak at each point in the unit cell where there is an anomalous scattering atom.

Kramers-Kr onig Equation

OO(L)’f " ((A)')a(k),
0 wz_w’z

HCEE:
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MAD Phasing

Data collection

» Measure fluorescence spectrum
» Choose wvelengths (edge, peak, highywlp need at least 2 for MAD
* Measure data and procesxhking Bij\oet pairs separate

L ocate anomalous scattering atoms

 Bijvoet diference Btterson needs only FF at single vavelength abee edge
» Better to generate estimates [igt| (contritution of anomalous scattering atoms only)
- Karle equations [J Karle, 1980] f@ha |, |F| andA¢.

- Bayesian correction tgra | [T Terwilliger, 1994]

- ‘quick and dirty’ estimate [J Smith, 19?7?] = sqif( 2 + Af” ?)
» Direct methods
‘Dual space’ approach &HAKE' N’ BAKE, SHELXD

Assign phasesfor protein

* simplest estimate i = ¢, + Ad (from Karle/Hendrickson equations)
* geometric minimization of lack-of-closure (egalient to MIR method of Ble & Crick)
* phase lilkelihood combinations
- Hendrickson/Lattman coidients ABCD &press phase I&ihood distrilution as
P(a) = g K+ Acosx + Bsim + Ccos2 + Dsinx

- Always gves bimodal distribtion

- ABCD coeficients can be calculated directly from the MAD datah{Br Smith &
Hendrickson, 1990)

* implementation as pseudo-MIRgfwvilliger, 1994) is comenient lut not optimal
- MLPHARE (CCP4, E Dodson)
- SOLVE (Terwilliger)

* most paverful is maximum likelihood refinement of all parameters jointly with fit to data
-  SHARP (dda Fortelle & Bricogne)
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