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& Highlights

CSB Group

» Computationally efficient method to perform rigid body
docking.

» Combines spherical harmonics with new set of parameters
for rotations, allowing usto deal with the rotational
correlation function by means of Fourier techniques.

» Applicationsto:

— Docking of atomic structuresinto EM density maps.
— The“Molecular Replacement Method” in crystallography.
— Multiple molecule (“interior”) docking.

e Versions of FRM

CSB Group

» FRMr: radial version —the starting point.

 FRM3D: volumetric version. Suitable for complicated
maps such as Patterson maps in crystallography.

» FRMG6D: for multiple molecule docking.

* FRM2D: analog of FRM6D for 2-D images. Has
applications to reconstructions of EM maps (Y ao Cong's
lecture).
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o Radia FRM

CSB Group

Description of the method

origina map radialized map
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- Radialization procedure

CSB Group

2-dimensional
dlice of the
density map.

(Electron
microscopy map
or ‘blurred’
atomic structure)




& Radialization procedure

CSB Group

First, the center
of mass of each
density map is
computed

CSB Group

< uow Radialization procedure

Then the desired
level surfaceis
determined on an
equiangular grid,
giving the radialized
map




S \What dowedowiththe .
radialized maps?
Radialized Shyti
f = f Y
map f IZ::mZ—:I i

\m arethe spherical harmonic functions

Radialized g= N IZ@.mY.m
map g 1=0 m=—1

=

[~ 3 IRSTITRTE CSB Group

f and g represent the same object

Thereisascaling factor A and arotation R such that
AG(R) = f, where g(R) denotes rotation of g by R.

Criterion is to maximize the rotational correlation function:

c(R) = [ fB(R)




Euler angles ¢=¢-ni2
; (,l/g changeto n=n-6
4.0, w=y-nl2
c(R)=T({.,n,«)
The Fourier transform of T turns out to be:
T(mh,m) =" d1 (3) iy (5) FinGi
|

The quantities d,,,(3) (which come from rotation
group theory) are precomputed using arecursive
procedure, since the explicit formulais quite involved

T (m, h, ) IverseFFT o 1(&n,w)




> e Performance of FRMr

[~ 3 IRSTITRTE CSB Group

Timing test:

Timings
shown
correspond
toalGHz
Pentium 11
Linux PC

ncd RNA polymerase
(2629 atoms) (24837 atoms)

= Timesfor FRMr and FTM

CSB Group

(6° angular sampling)

ncd RNAp
main processes FRMr | FTM | FRMr | FTM
precomputations 0.060 0.060
centers of mass 0.005 0.040
sampling 0.049 0.181
spherical coefficients 0.004 0.004
T 0.124 0.124
inverse FFT 0.146 0.146
subtotal 0.39° 3™ |0.56° | 7h
side processes |O.44 | |2.9 | |

FTM = Fast Trandational Matching
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& o= Robustness test of FRMr
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LYSOZYME (1294 atoms) BARNASE (2624 atoms) RIBONUCLEASE INHIBITOR

(3410 atoms)

LETHAL FACTOR
HALOPEROXIDASE
HUMAN SERUM ALBUMIN PRECURSOR (5947 atoms)

(4475 atoms) (4567 atoms)

UREASE y SUBUNIT

(6040 atoms)
CHOLERA
TOXIN RNA polymerase
(4098 atoms) (24837 atoms)
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2= \/olumetric FRM (FRM3D)

CSB Group

Here we handle the original 3D density functions instead of
their radialized versions. The correlation function is:

c(R) = [t H(R) =T(1,0)
R3
Expanding in spherical harmonics:

Fr) =S SOV g =Y Y GV ()

=0 m=— 1=0 m=-|

Wearriveat: T(mh,n)=>"db (2) i (5| b
|

where: 1 = [ (1) Gy (1) rr
0
o
& Crowther’'s

Fast Rotation Function

This classical method (1972) uses the regular Euler angles
as parameters of the correlation function:

c(R) = [ f B(R) =T(py:6)
R3
By doing this, only gand ¢ can be Fourier-transformed:
T(mm;6)=> di (O) 1
|

while 8 remains as a parameter that needs to be scanned
sequentialy.




sssssss

Resesmcm

FRM3D vs. Crowther
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¢(R) =T(£,7,@)
T(mhm) = db (b (D)

c(R) =T(¢.;6)
Tmm;8) =Y d\ (O}

Precomputations: Precomputations:
FST FST
din () FFTW plan
FFTW pllan ,a_) — I
ing maps
(‘Df) Reading maps < COMs & sampling
S | cousasming | ) G
E fin(M)y Gy (1)s 1o 6 N
= [ o 6, :%’ dr (6,)
) : T(mm:6,)
T(¢.n,w) = FFT5(T) S| | T@w:8) =FFTA(T)
postprocessing postprocessing
& saving & saving
v T
o Timings (in seconds) of

CSB Group

Crowther and FRM 3D

B g‘n%‘fi'% Crowther | FRM3D
32 6° 1.66 1.0
64 3° 19.3 4.0
128] 1w 337. 40.




& weocencn FRM 6D

INSTITRTE CSB Group

Description of the method

The given density objects are expanded into spherical harmonics:

f(ru) = szm(f) m(U)

1=0 m=-1

g(ru) = Zzglm(r) m(U)

1=0 m=-1

Theideaisto rotate both objects while translating one of them
along the positive zaxis only. In thisway, the 6D search is
performed over 5 angular and 1 linear parameters.
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> 6 DOF matching setup

CSB Group

The correlation is therefore a

.I - ___'L'.r""',-'r - function of 2 rotationsand a
o 3 distance:
A
/ cRR:p)= [ F(RIB(R; p)
I.I.r- R3
P 4 Euler angles
4 ) R@.6.9) R.64)
o
_ E=¢-nl2 f': -nl2
s n=n-6 n=n-6
x i - ——
w=y-nl2 «w w -nl2




CSB Group

Using these parameters the correlation function is written as:
c(RR;0)=T({-&'na.0',a'; p),
and the Fourier transform of T turns out to be:

TA(nl h’ m’ h', m,; p) = (_1)nz drl1hdll1mdl—nhdll1m| rlrlr’1m' (10)
[

The quantities 1! (,0) aretheso called two-center integrals,

corresponding to the spherical harmonic transforms of the two maps, at a
distance p of one another:

Lt (0) =7+ D0+ D[] [ ()G () dio (B0 (d}(B)sin BdB

CSB Group

To compute these integrals more efficiently, we make the following
change of variables:
z=rcospf

s=rsing

whereby the integral s become:

e (0) = 1+ DA+ D) [| [ £i0(1) G (1) Ao (B) (B dz | s
0| —
In order to do the numerical evaluation, we discretize zand s:

5y

Z=
S=




CSB Group

where the “barred” variables are integers and h is the step size.
Introducing these we get:

(o) = R0+ D+ O

Digz fl[MS? + 22116, [[NyS* + 2° - 2p2+ p]]0

s=1 7=z

o[ (7 BJ1dnol[ %7 B,]

Thisisthe actual expression used in the code.

CSB Group

lafw
(peroxisomal thiolase)

1nic (copper-
nitrite reductase)
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Test cases
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(catalase) (Gp4D helicase)
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=+ Comparison timings and trends
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Voxel size (A) Number of voxels

Timing trends versus the number of voxels

Times for various molecules versus the voxel
of the low resolution maps.

size of the low resolution maps.

Notes: the figure on the left shows average times for 3 values of
resolutions (10, 15 and 20A). In all cases, B=16, or 11° sampling.
All tests were done applying the Laplacian filter prior to processing.




& Conclusions

CSB Group

* Times of few seconds make FRMr and FRM 3D suitable
for interactive docking sessions.

* FRMr is scale-independent and surface-based.

* FRM3D and FRM6D can be made surface-based by
L aplace-filtering the original maps.

» Surface filters, such as Laplacian, are needed in order to
avoid spurious fitting results when using FRM6D.

* Will beincluded in Situs 2.2




