Hekotopuie npumMmepbl pelleHus 3agay onpegeneHua 65
¢dopmbl (EMBL, ctaHuua X33)

Complexes and assemblies Domain and quaternary structure

Tidow et af Vestergaard et al Hillig et al Pinotsis et af
PNAS USA (2007) PLoS Biol (2007) JMB (2008) EMBO J (2008)
Flexible loops and domains Structural transitions

W

Németh-Pongracz von Castelmur et al Bernado et al
et al NAR (2007) PNAS (2008) She et al, Mol Cell (2008) JMB (2008)
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: LOoYeTaHue pas3riniHbiXx MeéTOAO0B onpeéeaeneHun

c¢hopMbl: CTPYKTYpa BEPTEKCHOro KoMnnekca

Ig I, relative

Ig |, relative
4

DAMMIN

Gakrepuodara PRD1

PRD1 has an ’
icosahedral capsid
similar to that of
adenovirus

Sokolova, A. et al. (2001
J. Biol Chem. 276,
46187 . ’
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BapbupoBaHue KOHTpacTa:
PEHTreHOBCKOE paccesHue U
pacceaHue HeUTPOHOB
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HelTPOHHOE PaCCenHNe OT PacTEOPOE puBocoMsl 70S:  °°

Bapuauun KOHTpacTa NYTeM YacTUYHOro AeUTePUPOBAHUA
0% D,0 40% D,0 70% D,0

Eh 1 o

Protonated 70S ribosome, HH30+HHS50

o Ll o

Hybrid 70S with 23S RNA deuterated, HH30+HDS50



1 phase = 1 component of a

complex particle

For each phase, Rg, V/
and or its scattering curve

can be given

For each curve, contrast of
each phase are specified

partial constructs
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DD30+DD50

DD30+HHS0

* ““T.'*T-—L
3%;:? HH30+DD50
L] v_—'!'
" HH30+ HH50

0.0

JaxHbIe Manoyrnoeoro
paccesaHun oT obpasuoe
pubocombl 70S E.coli

lg 1, relative

=1
S, NIm
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OLEeHKa Yucria KOMMNOHEHTOB B MaTpULe OaHHbLIX

71

PACCEAHUNA MO JiIEBLIM CUHIYITAPHLIM BEKTORaM

U= - D"

MepBbLle 15 CUHIYNAPHbIX
BEKTOPOB MaTpuLbl AaHHbIX
HEUTPOHHOTIO paccesHus,
npeacTtaBneHHbIe B BUge
KOHTYPOB OTHOCUTENbLHO BeKTopa
paccefHusA.

N3 pucyHKa BUOHO, 4YTO
cUcTematuyeckoe nopegeHue
KOHTYpOB 3aMeTHO Ao 10 BeKTopa
BKIMIOYUTENBHO.

Kputepuin JapbuHa-BarcoHa
HanuMuua aBToKoppenauuu B
MaTpuue octatkoB F° nocne
y4yeTa nepBbiX 10 KOMMNOHEHTOB
B KPUBbLIX paccesiHuA Oblin

1.7 > 1.5, yTO roBOpUT O
NPUEeMNEeMOCTH OLIEHKU Yucna
6asncHbIX PYHKUUN U O Yucne
KOMMOHEHTOB pubocombl = 4

0O _ A
D =Ujer.k AV k



Crpyxrypa pubocomeul 70S E.coli B pacTeope no 72
OaHHLIM PEHTreHOCKOro N HENTPOHHONO Marnoyrrnoeoro
paccesHns

LLlapukoBas moaenb Ana cpaBHeHUs:

cyobveauHuubl 50S Kpuctannuyeckas

e pubocombl 70S E.coli mogenb

Cc paspeweHuem 1 nm cyobeauHuubl 50S

D.1.Svergun, N.Burkhardt, oo hop00im MYP H.marismortui
J.Skov Pedersen, M.H.J. i )

Koch, V.V.Volkov, (Svergun & Nierhaus, (Steitz group,

M.B.Kozin, et al. J. Mol. May 2000) August 2000)

Biol. (1997),. 271, 588-601
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SASREF7: «rigid body e
refinement» Ha6opa | Liso| |
KOMMOHEHTOB C U3BECTHOMW N, 700
KPUCTaNNMU4YeCKON CTPYKTYPOWN:

HEeUTPOHHOE paccenaHue +
hDeutepupoBaHue.

22 =097
T 2=0.63

72 =0.56

1(Q) arbitrary units

™Ry ,2=0.76
N 42=0.92

2=112

T 42 =0.95

e e e e ey
000 005 010 015 020 025 0.30
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Data analysis software ATSAS 2.6.0
http://iwww.embl-hamburg.de/biosaxs/software.html

A program suite for small-angle scattering data analysis from biological

macromolecules

Data processing

PRIMUS - manipulations with experimental 1D SAS data

GNOM - indirect transform program that evaluates the particle distance distribution function p(r)
Data manipulation and analysis tools - AUTORG, ALMERGE, DATGNOM, DATPOROD etc.

Ab initio methods

DAMMIN - ab initio shape determination using a dummy atom model

DAMMIF - rapid shape determination

GASBOR - reconstruction of a protein structure by a chain-like ensemble of dummy residues
MONSA - shape determination using a multiphase dummy atom model

Rigid body modelling

SASREF - modelling of multisubunit complexes

BUNCH - modelling of multidomain proteins against multiple data sets

CORAL - modelling of multidomain protein complexes against multiple data sets

MASSHA - interactive modelling of atomic structures and shape analysis

GLOBSYMM - rigid body modelling of symmetric oligomers

Mixtures and flexible systems
OLIGOMER - volume fractions of mixtures with known scattering intensities from the components

MIXTURE - modelling of multicomponent systems

BUNCH - modelling of multidomain proteins against multiple data sets
EOM - Ensemble Optimization Method for flexible proteins

PDB oriented tools

CRYSOL - X-ray scattering patterns from known hi-res structures
CRYSON - neutron scattering patterns from known hi-res structures

SUPCOMB - superimposes one 3D structure onto another
DAMAVER - align ab initio models, select the most typical one

74



| 75
. Outline of ATSAS .

/ﬁlydlsperse & Interasting systemA ﬂb initio structure analysih

Database for rapid protein
OLFGOMER characterization: DAMMIN/DAMMIF
(Volume fractions of components) fBcad mod:Tling)
.0 DARA SASHA
(Modelling multi-component systems) i detopmdindifom asin
(EvaluatinPE;Aallf ositions) SRR
oM GASBOR

. : 4 3 (Dummy residues modelling)
Unfolded or flexible proteins /
\ ( ¢ : Data regularization & ! MONSA

overall structural parameters: (Multiphase bead modelling)

: : GNOM, AUTOGNOM
Data Reduction and Processing: | \ / l

=

Raw data )} PRIMUS, AUTORG Additi.on of missi.ng fragments
_V (Primary analysis and manipulations _| ‘ Rigid body modelling: \ to high resolution models:

with small-angle scattering data)
\ MASSHA C CREDO
(Manual & automated refinement)
ASSA l
/ \ (Manual rigid body refinement/UNIX)
Computation of solution GLOBSYMM / Models averasing: \
o q . (Quaternary structure determination ging:
scattering from atomic models: S
of symmetric oligomers) >
High J\ SASREF SUPCOMB
resolution Y CRYSOL_ (Multisubunit complexes modelling) (Models alignment & superposition) <
gl _l/ (X-ray scattering) i BUNCH DAMAVER
CRYSON ) (Multidomain proteins modelling (Typical model selection &
\ (Neutron scattering) / v.s. multiple data sets) K averaged model generation) /
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Buffer (several frames) "
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A PRELIMINARY CHARACTERISATION
PURITY CONCENTRATION MONODISPERSITY MATCHED SDLVENT 7 7

5 | = O6uwan cxema
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Fapa).
SDS-PAGE and GEL CYMAMIC LIGHT DIALYZE SAMPLE
FILTRATION SOATTERING. Matched solvert requied
High molecuar weigft Semple mustbe foraceurate schent Aa H H b|x
sp=cies must be removad augregalediee subtracton

B SMALL-ANGLE .SGAWERINEMWM I{q) iy P(r) Maﬂoyl'l'IOBoro

DATA
REDUCTION
——=2> -
Incident baam S !;
£ SUBTRATGTION |
e o e
Mnarys Randemly orientod |
Neutrons proteins jn soiution

C DATA VALIDATION sen KOBblx

INITIAL INSPECTION RADIATION DAMAGE CONCENTRATION EFFECTS STANDARDS
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SerEeT | Jacques & Trewhella (2010)
S LY el o o ) i “Small-angle Scattering for

Structural Biology;

. P Expanding the Frontier

Sriusil I el G ORI \/\/hile Avoiding the Pitfalls,”

t5 solution seatering against scatt : X a 15, Mo against the scatteing daia

E ADDITIONAL INFORMATION = P!’Oteln SCIenCe 19, 642'657

ATOMIC MODELS DISTANCE RESTRAINTS SYMMETRY DISORDER
. 17A

e

CRYSTALL PHY/ NMRINUTAGENESISARET CRYGTALLOGRARHY/NMR/ EM/AFMDISOROER PREDICTIONMISS NG
NMRHOMOLOGY MODEL Rowery] restrairts toral EUMBIOINFORMATICS SLECTRON DENSITY/NMP ENSEMELE

Useful for all iodeling rigd-bady modeling bﬂcn‘:;‘-eﬂr:g rehslrag for. l;ig[ld— Easential for meanngful ensemble medzing
lv-and ab imitio modeling
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Use of symmetry




Hollow spheres




Now consider ab initio restoration of
complex structures.

We will try to restore helix particles from simulated SAS
data calculated on different angular ranges from two
same length and diameter:

e e,
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Complex particle:
2.5-turns helix
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Dependence of p(r) calculated from SAS
patterns from s, .,

25, P(1), rel. units p(r), rel. units 4.0, P(¥), rel. units

3.0 3.5]
2.0- 4 channels 2.5 6 channels 3.0 10 channels

1.51 2.0 2.51
2.0-
1.04 i3] 151

1.04 1.0

0.5 0.5
0.0 S Y E—— 5 T T A ———— Y

0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35
distance r, nm distance r, nm .. _distance r, nm
: 4.0, P(r), rel. units

0.5-

Scattering from 35]
particle shape The difference in p(r) should 3.0 16 channels

[ : | _ 2.54
: _ become apparent in restored  ,
el. units structures: =

1.0

the larger S;,,,, the greater o5,
relative portion of: information 0 5 10 15 20 25 30 35
| 4.0, p(r), rel. units distance r,nm

3.51
3.0 32 channels

2.51
32 20]
1.5
1.04
0.51
0.0
0

46 8 10 16
10°- No. of Shannon channels

3 5 10 15 20 25 30 35
S, rlm-1 distance r, nm



re details from s, .,

Unsufficient
information about
inner structure

Stable
solution,
optimum

balance
between
information
portions
about shape
and inner
structure

32 channels: too small relative
information content about shape
(small portion of the beginning

Most probable  One of the part of I(s))
volume solutions
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No. of
Shann.

Dependence of structure details from s_ .., 4.5 turn helix

R(r); r&k units.

9 Unsufficient

18 information about
;: inner details:

Q¢

e{ﬁ%),rﬂfum}g %&Qﬁ% £,

sonannets.  Still unsufficient
¢ information about
kK inner details

5 1 16 25
R(1}; rels units. ‘?’ﬁ@m Al

"™ Tries to restore

. helix but with
, wrong number of
/ turns
RNIRE
W ¥ The structure
3 seems to be too
WA difficult for
- retoration, but its
feature is clear.
ncreasing data
interval has ne
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