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Based on existing high resolution protein structures from crystallography or NMR
the corresponding SAXS profile can be calculated.

. log I(s)
54N,

This allows one to verify high resolution structures
especially in the case of multimeric protein and
larger protein complexes.

Example: The muscle protein titin was found in
different conformations in the crystal.

CRYSOL (X-rays): Svergun et al. (1995). J. Appl. Cryst. 28, 768
CRYSON (neutrons): Svergun et al. (1998) P.N.A.S. USA, 95, 2267
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Rigid Body Refinement: Moving protein sub-parts (called domains) as
rigid bodies to fit the scattering data

Example: Structural changes upon ligand binding =
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ESRF
Remodeling of proteins from high resolution fragments/constructs
Program BUNCH (M. Petoukhov; Biophysical J.)
Domains A+B
Domains B+C
Entire Protein (ABC)]
High resolution protein fragments
frogm X-ray cryst:lllographyg SAXS Data Model for the entire protein
of constructs including not resolved
AB linker components
+ sequence data BC
(TrEMBL/Swissprot) ABC
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A sphere with diameter D, is filled by densely

packed beads of radius r,<< D, . . A configuration
vector X indicates whether the j-th atom belongs
to the particle or to the solvent.

o o%%% o The number of model parameters

a9 580 -

2% M~ (D7 1o)2~ 103 is too large for
DOOOC : L
0%0%0%%° ) conventional minimization methods.
S
O O * A Monte-Carlo type search starting from a
N O N N »
25558 H» I
IO g rand.om X.can be e.mployed to find a
aTe oo aTaTeTe a.ate’s configuration that yields the calculated
aa s s H BB HH . ‘i .
..:':':':-:.:.:-:.. scattering curve fitting the experimental
'l'-:::-:t'-' data
<= ) ||d0’ Chacon, P. et al. (1998) Biophys. J. 74, 2760-
i 2775.

Svergun, D.I. (1999) Biophys. J. 76, 2879-2886
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Ab initio bead models compared to high
resolution X-ray structures
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- validation of crystal structure in
solution under physiological conditions

= Internal structure of multicomponent particles
and large macromolecular complexes

= quaternary structure
using docking/rigid body refinement

n probable configuration of
missing portions

a ab initio low resolution structure
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BsxCuBE

~Display

.~ Perspectives

Type

—Parameters

Format Bruker (.gfrm) v

Directory
Prefix
Run #

| Louiza_1_021.gfrm
ida.z_fl_[!ﬂﬂ.gfrm
|daz_001_00.gfrm |
|daz_001_02.gfrm |
Idaz_OOl_Di.gfrm
| daz_001_04.gfrm
| daz_001_05.gfrm
|daz_001_06.gfrm
|daz_001_07.gfrm

Frames Edaz_002_[l[l.gfrm
|daz_002_01.gfrm
|daz_002_02.gfrm
Ida\.z_[)[)2_[)3.gfrr‘n
| daz_002_04.gfrm
| daz_002_05.gfrm
| daz_002_06.gfrm
|daz_002_07.gfrm
%daz_OOEi_[lD.gfrm
|daz_003_01.gfm

[-] x: 3200 Y:768

~Actions ——— i S
|Filename /mntdirect/_bliss/users/nogueira/work space/data/daz_001_01.gfrm

Information messages

| 2009-01-21 16:30:43 Connected to blissdb:hwr_nogueira
2009-01-21 16:30:43 Connected to Hardware Repository server blissdb:hwr_nogueira
2009-01-21 16:30:43 Getting all the hard objects took 8.99577140808 ms.
2009-01-21 16:30:43 Connected to blissdb:hwr_nogueira

L 120000121 1A:30-42 Connactad ta Hardwara Banaciton: canar bliccdhchuwr nonusies
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BsxCuBE =]

Parameters

Format
Directory [nogueirajworkspace/data/| .. |
Prefix
Run #

Louiza_1_021.gfrm
daz_-1_000.gfrm
daz_001_00.gfrm
daz_001_01.gfrm
daz_001_02.gfrm
daz_001_03.gfrm
daz_001_04.gfrm

daz_001_07.gfrm
Frames daz_002_00.gfrm
daz_002_01.gfrm
daz_002_02.gfrm
daz_002_03.gfrm
daz_002_04.gfrm

500000

daz_002_07.gfrm 1_ di bli 2 i : d . dfdaz_001 l]fLrJ5
daz_003_00.gfrm /mntdirect/_bliss/users/nogueira/workspace/data/processed/daz_001_01.dat

daz_003_01.gfrm

Actions
/mntdirect/_bliss/users/nogueirajworkspace/data/processed/daz_001_01.dat
-1.000000e+00

DiodeCurr=5.34333e-06, MachCurr=198 mA, Concentration=, Comments:

Information messages W Debug (1)

2009-01-21 16:30:43 Connected to blissdb:hwr_nogueira
2008-01-21 16:30:43 Connected to Hardware Repository server blissdb:hwr_nogueira
2008-01-21 16:30:43 Getting all the hardware objects tock 8.99577140808 ms.
2009-01-21 16:30:43 Connected to blissdb:hwr_n

Nn-4 n rlia [
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Unts  nBeg I~ Syn rEnd Mulipler
s [ 2l | <] o [
<13 BSA.dat I i [W_jﬁ_“j o o [rom
: ol 2 o o
T e
= =) f for
|l o
=l e o
i o
[l o
S =
L
ﬁ_j 1 j -ﬁﬂj IHT 1,000

C:\Data_analysis“\BEA Buffer Subtraction
21—-Jan—208% 11:59:48

The European Light Source



;%m european Synchrotron Radiation facility

Quality Control Tests

sample
same sample again

RADIATION DAMAGE!
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;%m european Synchrotron Radiation facility

c =2 mg/ml
c =5 mg/ml
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;%m european Synchrotron Radiation facility

c =2 mg/ml
c =5 mg/ml

The European Light Source



;%m european Synchrotron Radiation facility

c =2 mg/ml
c =5 mg/ml
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Guinier Plot: globular particle
File name: BSA_268.dat SUINLER Data processing

Particle type = @
Points 73 to 143 fidel = B.444
8.749 to 1.23
+— 7.61e-3

Multiplier

1.000

+— 2,11

e = B

.

o o e 4 [
e T
e e

Fulrange |

= 1.000 1.000

C:\Data_analysis“BSA Buffer Subtraction
21-Jan-2009  11:22:59

B Command Window

hd
Running |Input pending in Graphics Window

The European Light Source
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B=1Ed

M Graphics Window

* Radius of Gyration - BSA_268.dat

File Help

C:\Data_analysis“BSA Buffer Subtraction

21—Jan-2889 11:29:88

M Command Window

v
s L T T
Running |Input pending in Graphics Window
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Using calibration data

Plot data

Data processing @

(1) pex5p_B03.dat
<2 bsa_BB8.dat

a4
i
i
=
=
-

Z:\Users2886°\Kumiko . 8786 \data4
22-0ct—-2006  19:12:21

M Command Window

AEE

4 Start [E] Microsoft PowerPoint ... | B Users2006 “ PRIMUS-mar

# Data processing &) 1212

The European Light Source
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Using calibration data

B Graphics Window

Guinier Plot: particle
Film nanm A.dlat

Pavtdele type = A
N Pointz 18 to 58 Fidel = B.283
141 + sRg limits : A.5B8 to 1
L = L.ER  +- 9 _A%e-3
| +++‘H 'I.h - BE6.74 ¢+ 189
) Rttt

Hribaet ‘.
Pyt
i

Zrulsers2006 Kuniko . @780 datad
22-0u L -ZB86 17:23:17
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GUINIER

22-0ct - 2086

17:24:47

Guinier Flet: globular particle
File name: bso 888 dat

PSPPI T O )

CUIHIER




M Graphics Window

CI—const)sgexd=E]

21-Jan—-2809  11:25:31

File name: BSA_268.dat

Porod assymptotics
Points 73 to 2156
Ry = 3.82

Vo lume = 47.987
18 = 1158.3

G:NData_analysis \BSA Buffer Subtraction

Data processing

B Command Window
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[- [B]x

1.000
1.000
1.000
1.000
1.000

1.000

1.000

: W 1.000
3 j imT 1.000
sess = [1000 [T

I’:{u}l;ling Input pending in Graphics Yindow —
The European Light Source
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[- [B]X]

B Graphics Window

File name: BSA_268.dat

{I-constixsexd

Porod assymptotics Multiplier

Points 73 to 821
Ry - 3.81
Volume =112.48
18 = 1147.4

e
EE
i

=l

(=

e

191979111771

b e e e L

Fullrange

i

C:\Data_analysis“BSA Buffer Subtraction
21-Jan-208% 11:32:36

B Command Window

|+ Bl
,-E unning  [Input pending in Graphics Window
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B primus : IL“E‘B'

M Graphics Window

File name: BSA_268.dat
CI-const)sg*sg

GNOM Parameters

Input] nBeg ﬂ

o, out

Job [0 j Fimin|0.0

v PIRminj=0

C:=\Data_analysis \BSA Buffer Subtraction
21-Jan—2089  11:32:

M Command Window

efine radius of

The European Light Source
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B gnom45qw M onom45qw

File Edit View State Window Help Fle Edit View State Window Help

M Graphics Window |__||§‘ M Graphics Window

Input file{sd> : BSA_268.dat e JOB = Input fileds> : BSA_268.dat === JOB =
Reciprocal space: Ry = 3.86 . 1CB> = B.1165E+84 Real space: Rg = 3.86 . IC@y = B.1165E+84

ALPHA: @.1BBE+B2 Rmin = 8.88 Bmax = 18.18 TOTAL: ©8.788 ALPHA: B.18BE+B2 Smin = B.2580 Smax = 1.8698 TOTAL: B.788
21-Jan-28@7  11:38:21 Press CR to continue 21-Jan-200% 11:3%:17 Press CR to continue

The European Light Source
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B gnom45qw IL]@BI

B Command Window E]@

set within the

ESTIMALTE
LUTI!
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Distance Distribution P(r) Function
Calculated by GNOM give the Dmax and the input file required for Ab-initio modeling

o - O x

swData_analysis>Dammif-@.7.exe “h
“h: no zuch file or directory or not readable

swData_analysis>Dammif-B.2.exe —h
sage: Dammif-B.%?.exe [OPTIONS1 GHOMFILE

h inito szhape determination by simulated annealing using a
ingle phase dummy atoms model.
eference: D. Svergun €1999>. Biophus. J. 76, 2877-2886.
andatory arguments to long options are mandatory for short options too.
Options:
-, —unit=<UNIT> where UNIT is one of: angstrom, nanometer
-m. ——mode={MODE> where MODE iz one of: fast, slow. interactive {default
—anizometry={MAME> where MAME iz one of: ohlate, prolate. unknown Cdefaul
——szymme try=<HAME> vhere MAME is a valid symmetry name: Pn <n=1. .... 19>
Pn2 <n=2, ..., 12>, P23, P432, PICO {default: Pi>
—pref ix=<PREFIA> the PREFIE to prepend to any output filename
(default: dammif >

-, ——guiet do not print log information to stdout
-¢. ——chained enabhle building of pseudo—chainz in PDB output

—u,. ——uersion print version information and exit
—h. —help print this help text and exit

eport bugs to <frankelfembl-hamburg.de>

:xData_analysis>Dammif—B.9? .exe gnom.ont —p runl —m fast




v C:\WINDOWS\system32\cmd.exe

un_as:
ull command line
unl -m fast

onfiguration mode .......ceciiiiiiiiinananaaaan H
ngular units
refix

nisometry penalty weight .....
onstant subtraction
ummy atom model status
umber of dummy atoms
tom radius ..

Initial looseness penalty
Initial disconnectivity penalty
initial periphal penalty
nnealing procedure status ..

g:\Daga_analysis)Dammif—E.9.exe gnom.out —p runl -m fEs; - s
AMMif ... iiiiiessisssssssasasasaaa : A, eta oo . — L — . .
Log DpEned «ooooeeeessnssnssnse s : 2089-81-21, 11:48:086 Fichier Editer Montrer Couleurs ©Options  Configuration  Exporter

: Damnif-@.9.exe gnom.out —p

.. & undefined
.t {unl

: gnom.out

xpected particle anisometry . = unknown
nforced particle symmetry .... : P1
'seudo—chains in PDB output . H

NOM file:

itle : 15-Dec-20@8 (MJ_192.4d|
t — 8.883 *Bicine.dat> / 6.8868

ngular uNits ..u.eeceiincnaneace e amnaaaaaan : nanometer
laxinum particle diameter [Angstroml : 168,
adius of gyration [Angstrom] ....... 41.2
ininum s [1/Angstrom] ........ a.80
laximum s [1/Angstrom] ....oceneeinnnnnnnnnnnns B8.176
onfigured as:

utput Filename prefix ... ... ... L ... ... : runl
earch volume shape .... sphere
adius [Angstrom] ...........ao.ao. 80.0
pproximate number of dummy atoms 2860
xpected particle anisometry ..... unknown
umber of spherical harmonics ... .... 5
roportion of the curve to be fitted 1.80
laxinum s [1/Angstrom] .... a.176
umber of shannon channels . 9

umber of supporting points . 28
eighting function .......... emphasised porod
laximum number of steps ..... s 1t)
laximum numher of iterations .. 28008
inunum nunber of successes ... 20
axinum nunber of successes ... 2060
emperature scheduling factor . @.908
eriphal penalty weight ....... 208
ooseness penalty weight ...... A.5A0E-82
isconnectivity penalt.:y weight [t]

.t B.8
: B.68
. : skipped {(negative value?
. * initializing
T 2893
:5.70
: B.214E+@7
i warning up

tep: - T: B.657E-83, Succ: 2081, Eval:

: 8.701 » Los: B.124, Dis: B.888, Per: B. el
tep: 2, T: B.592E-83, Succ: 2681, Eval

: @.658 . Los: @.137, Dis: B.080, Per: . .73266
tep: 3, T: B.532E-83, Succ: 2081, Eval:

T B.399 . Los: B.136, Dis: B.888, Per: @. .49769
tep: 4, T: B.479E-03, Succ: 20081, Eval:

: 8172 . Los: B.143, Dis: B.888, Per: 8. .28803
tep: 5. T: B.431E-B3, Succ: 1734, Eval:

: 8. . Los: B.142, Dis: B.888, Per: 8. .23918
tep: : B.388E-B3. Succ: 1671, Eval:

: 8. » Los: B.158, Dis: B.886. Per: B. .20672
tep: 7, T: B.349E-83, Succ: 1532, Eval:

: 8.1@2 . Los: B.143, Dis: B.8808, Per: 0. .20468
tep: 8, T: B.314E-83, Succ: 1539, Eval:

: @.723E-01. Los: B.134, Dis: B.0080, Per: B. .17364

P —

%4 RasMol -

fast
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Automated Data Processing Pipeline
| AUTOPilaus

z

AUTOSUB

AUTOPilatus -
Automatic sample-

Automatic data buffer subtraction AUTOGNOM

transformation of 2D raw with automatic ] ] .
. . . . ] Automatic estimation of
data into 1D scattering curves estimation of radius of . . el s
] distance distribution
gyration (AUTORG) .
function

Results:

Sample checks for radiation damage and

concentration effects Automaticly start the ab-
initio shape determination

Sample Size: Rg, Dmax, Volume and Mw program and fitting with
simple geometrical bodies

Low Resolution particle shape
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