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Density modification
principles

a: apply prior information about protein
electron density maps to the experimental map

» Solvent flatness prior: the density in solvent
Fegions is close to constant

Histogram similarity prior: the histograms of
otein density maps are similar

S prior: the density in NCS related regions
Jld be very similar



Density modification
procedure
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Solvent flattening

* The likely solvent regions in the map are
identified by looking at local variance map

* The density in these regions is flattened

* |f a solvent region was identified correctly,
its flattening should remove noise from the
map, improving the phases



Solvent flattenin
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ue from image
essing for modifying the
rotein region.

Noise maps have Gaussian
Istogram.

ell phased maps have a
ewed distribution: sharper

protein density Is
rpened by a transform
der to match histogram
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Histogram matching
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1e molecule has internal
. Symmetry, we can average
~ together related regions.

the averaged map, the
- signal-noise level is improved.




ystallographic symmetry

How do you know if you have NCS?
= Cell content analysis — how many
monomers in ASU?

- Self-rotation function.

i . - Difference Patterson (pseudo-translation
L only).

* do you determine the NCS?
?}:__'3:_:__ From heavy atoms.
-~ From model building.
- From molecular replacement.




Usual assumption used in phase combination:
Independence between the density modified
phases and the experimental phases

» Reality: The density modified phases are
derived from the experimental phases -> they
are significantly correlated

| Result: Measures of phase quality (FOM) are
- overestimated, HL coefficients are biased and
- phases derived may be suboptimal
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Usual bias reduction
methods

ap flipping (gamma correction): The (likely)
solvent regions are not flattened but flipped

' ELIPPING (1=1) c

 Structure factor flipping: F,,=2F,—F

FC F =F
E O
V —{ FDM

tatistical density modification (Pirate)




Content

°, modification principles and problems
* Density modification by Parrot
* Multivariate phase combination

Bias reduction by [(3-correction

Combining density modification with model
building and refinement



Solvent flattening

Histogram matching



S Ity modification by Parrot

ew developments:

* MLHL phase combination
(similar to MLHL used in refinement)

Anisotropy correction

Problem-specific density histograms
(rather than a standard library)

Automatic NCS determination
Irwise-weighted NCS averaging






Parrot

=)o )x]
Jsobwe| &

m Estimate solvent content from sequence.

Density modification using Parrot

| Get NCS from heavy atoims. | Get HCS from MR/partial model.

Data for (unsoived) work structore:

Work SEQin PROJECT — || Browse | View
Work MTZin PROJECT — || Browse | View
FP — | SIGFP =
HLA —~|HLB ~ |

HLC ~ | HLD = |

Use Free-R flag: | Use map coefficients: _| Use PHIfFFOM instead of HL coefficients: _|
Rosils for work sirvciine:
Work MTZ out PROJECT — || Browse | View |

Output column label prefix |parrut
Dotions |
Number of cycles of phase improvement to run: |3

-

- Save or Restore — Close |

|




DM vs Parrot

Map
correlations

Parrot:

NO new
features
enabled.
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Comparing
old and new
likelihood

functions.
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Map
correlations

Comparing
with and
without
anisotropy
correction.



Map
correlations

Comparing
with and
without
NCS
averaging.
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lultivariate phase combination

Current density modification procedures neglect
the correlation between the original map and the
density modified map

Our approach: multivariate SAD-DM
probability distribution
PDM(FO’F_O|FH’(PH:Fﬁ:(Pﬁ)FDMachM)

Advantages: no independence assumption,
dynamic construction of phase probabilities
rather than static HL.

Implementation: MULTICOMB, REFMAC
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Fraction correctly built by BUCCANEER
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DM with sigmaa and SAD-DM
phase combination

Fraction correctly built by ARP/WARP
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Bias of SAD-DM function

verage bias (as difference between FOM
and mean cosine of phase error):

Phase comb. Sigmaa SAD-DM
Bias .2 0.24
Bias only slightly reduced

Reason: the phase guality is estimated from
fit between the observations and the model -
hich was constructed from the observations



Bias of the SAD-DM
FOURIER TRANSF. funCtion

EXPERIMENTAL
|F|, PHASE

DENSITY
FOURIER TRANSF. ODIF.

COMBINED COMBINED
IF|, PHASE

MODIFIED
|F|, PHASE MODIFIED MAP

INV. FOURIER TRANSF.

| PDM(F;’F;)|FIJ;’CPJI;[’F-H’CP;I’FDM’CPDM)
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Solution: [3-correction

imate overall bias parameter p:

- run 5 DM cycles with 'free’ set of reflections set
aside and comparing the correlation between
Fo, and F. in free and working set

Run standard DM using 3 (and all reflections):

- B Is applied to a correlation term betwen F, and
F. In the covariance matrix

IS 1 In case of no bias and can reach 0.2-0.3
case of very strong bias



with/without bias reduction

OM vs CPEM after SAD-DM without BR FOM vs CPEM after SAD-DM with BR
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with/without bias reduction

Map correlation after DM Map correlation after DM
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Previously mentioned
SAD distributions

ction for SAD substructure refinement
PLES IR m F 0y)

- Implemented in BP3, Refmac5

» function for SAD phase combination in DM
| PDM(FJ;’F;)|FIJ;’CP;I’F_H’cp;I’FDM’(pDM)
- Implemented in Multicomb, Refmac5

_function for SAD phased protein model
refinement

Pt (F o Fo|Fp 0, Fp, )

- implemented in Refmacb



" SAD-DM-ref function

inction for SAD phased and DM
restrained refinement:

PDM+ref(F;’F;)|FJ1;’CPJ1;’F-P’CP-P’FDM’CPDM)

combines SAD phase information with
Information from density modified map
and uses it for refinement of the current
model

all previous function are theoretically a
special case of this function

Implemented in Refmac5 and Crank 1.5
(development version)



Usual structure solution
from SAD phases

PRIOR INFORMATION
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Usual structure solution
from SAD phases

PRIOR INFORMATION
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from SAD phases
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Combined structure
- " solution from SAD phases
PRIOR INFORMATION

DM + MB /
\> I:o’(l)est - >I:mod’(l)mod y

PHASE COMB. + REF. - P

SAD-DM-ref




Model building results

Fraction correctly built
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Conclusions

ensity modification primarily incorporates prior
Information about map in the real space

In order to reduce errors and bias, powerful
phase combination algorithms are used In
reciprocal space and the process is iterated

Density modification can be incorporated In
nodel building and refinement, leading to many
ore models automatically built
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