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SAXS experirnental facilities in Russia
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(spheres, cvlinders, spherical core-shells, ellipsoids etc.)

Concentration effects, interactions and structure factors

Polydisperse & interactive systems in ATSAS
Equilibrium oligomeric mixtures (OLIGOMER)
Assembly/disassembly processes (SVDPLOT, MIXTURE)
Restoring intermediates in evolving systems (DAMMIX)
Graphical package for interactive processing (POLYSAS)
Dissociation processes (GASBORMX, SASREFMX)
Ensemble characterization of flexible systems (EOM)
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means statistical agreement between model and data

Information content of SAS data



Sampling formalism

Shannon sampling theorem: the scattering intensity from a particle with
the maximum size D, Is defined by its valueson a grid s, = k" /D
(Shannon channels):

. esinD na(S- S,) sinD ax(s+sn)ﬂ
|
NOTASAEE (55)  Dulsts) U

max

si(s)

Shannon sampling was utilized by
many authors (e.g. Moore, 1980).
An estimate of the number of
channels in the experimental data
range (N, =S,,.,Dma/ ) IS Often
used to assess the information
content in the measured data.
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Given a (noisy, especially at high angles) experimental data set, which part
of this set provides useful information for the data interpretation?

A usual practice is to cut the data beyond a certain signal-to-noise ratio but
A there is no objective estimation of the threshold
A this cut-off does not take into account the degree of oversampling



Application of sampling theorem to
smallangle scattering data from monodipserse systel

Due to a finite experimental angular rangethe data
can be approximated by a truncated Shannon
expression
¥ esinDr(s- §,) sinD aD(s+s.n)£a

I
SO @ (=asae "3 "D (s+s) U

p(r) @py, (1) =808 5,8, SiN(S,1)

The best approximation should minimize the discrepancy

c*(M) = ‘?23 [s1(s)- Uy ()]
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1.

2.

. For M

Algorithm for determination of effective number of
Shannon channelgrogramShanum

Automatically estimate D, ., (using AutoRg and AutoGnom
(Petoukhov et.al., 2007))

Calculation of the nominal number of Shannon channels Ng =S, °
set up the search range [Mmin;Mmax], where M_,,, = max(3, O 2*Ng ),
M = 1.25*Ng

+in<M<M_ .., calculate the coefficients of Shannon approximation a,
( n=1, ByMqglving system of equations using a non-negative linear
least-squares procedure (Lawson & Hanson, 1974).

D and

max

max

. For each Shannon fit, calculate the discrepancy ¢’ (M) and the integral

derivative Wp,,).

. Evaluate thes c a | i ng c o adtheiratio metween c? (M, ,2) @and Wp(M,,i,))

N\

Wp) = m%dpgr(r)gdr f(M)= c2( M) WEp)U  a=c2(M,.)/ WpM,))
u

0

. Determine the optimum value Mg corresponding to the minimum of the target

function f(M)

P.V. Konarew& D.l. Svergun A posterioridetermination of the useful data
range for smalhngle scattering experiments on dilute monodisperse systems
IUCr Journal (2015) V.2, p. 352360



e nuclear pore, the latter ones
Interact with histones regulating
the formation and shape of
nucleosome

Shanum estimates the effective
number of Shannon channels M=8
and thus determines the useful
angular range up to s=1.3 nm-!

Taneva, S.G., Bafuelos, S., Falces, J., Arregi, |., Muga, A.,

Konarev, P.V., Svergun, D.l., Velazquez-Campoy, A., Urbaneja,

M.A. (2009) J Mol Biol. 393, 448-463
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Number of scattered neutrons or photons per unit time,
relative to the incident flux of neutron or photons per unit solid
angle at s per unit volume of the sample

where

n - the number density of particles

Dr - theexcess scattering length density given by
electron density differences

V - volume of the particles

P(s) - the particle form factor, P(s=0)=1

S(s) - the particle structure factor, S(s=8)=1

V' M

n=c/M

D rcan be calculated from partial specific density, composition
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Prolates (R, R, &R) : Oblates (R,R, &R)

&>1 e< 1

P(q): Ellipsoid of revolution

prolate ellipsoid of revolution 1:1:3 (—-—-— )

oblate ellipsoid of revolution 1:1:0.2 (———-)
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Where
(Vvi{e) eqrceV

Vo =4p R, /3 and V,, =4p R, 3/3
Dr,.1 the excess scattering length density of the core

D, T the excess scattering length density of the shell
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1 JHsR(1 — x2)1]
J o [SR(I _x2)l/2]2

Julx)

P(s)=4 S(sHx/2)dx

J,(x) is the Bessel function
of the first order and
the first kind

S(x)=sin(x)/x
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Jan Skov Pedersen, Analysis of Small-Angle Scattering Data from Colloids and
Polymer Solutions: Modeling and Least-squares Fitting
(1997). Adv. Colloid Interface Sci., 70, 171-210.

Jan Skov Pedersen

Monte Carlo Simulation Techniques Applied in the Analysis of Small-Angle
Scattering Data from Colloids and Polymer Systems

in Neutrons, X-Rays and Light

P. Lindner and Th. Zemb (Editors) 2002 Elsevier Science B.V.

p- 381

Jan Skov Pedersen

Modelling of Small-Angle Scattering Data from Colloids and Polymer Systems
in Neutrons, X-Rays and Light

P. Lindner and Th. Zemb (Editors) 2002 Elsevier Science B.V.

p- 391



Scattering frommixtures &
(shape polydispersity)
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I (s)=a Vil (s)

Output parameters: 1) the fit to experimental data (*.fit file)

2) the volume fractions of the components
(in oligomer.log)

OLIGOMER can be launched in batch mode for multiple data sets:

oligomer.exe -ff formfactor.dat -dat hp*.dat -un 2 -smax 0.25

Konarev, P. V., Volkov, V. V., Sokolova, A. V., Koch, M. H. J. & Svergun, D. |. (2003)
J. Appl. Cryst.36, 1277



be taken for intensity)

Batch mode:

ffmaker 1.dat 2.dat -undat 2 3.out -unout 2
ffmaker *.pdb ml.dat -smax 0.3 -ns 201 -Immax 20

ffmaker 6lyz.pdb *.dat -sgrid m2.dat

Petoukhov, M.V.,Franke, D., Shkumatov, A.V., Tria, G., Kikhney, A.G., Gajda,
M., Gorba, C., Mertens, H.D.T., Konarev, P.V., Svergun, D.I. (2012)
J. Appl. Crystallogr. 45, 3421 350.



Momomer/dimer equiilbrium in tetanus toxin
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Ab initio and rigid body analysis of the dimeric H(C) domain using the structure
of the monomer in the crystal (1FV2) and accounting that the mutant Cys869Ala
remains always monomeric yield a unigue model of the dimer

Qazi, O., Bolgiano, B., Crane, D., Svergun, D.l., Konarev, P.V., Yao, Z.P., Robinson, C.V., Brown,
K.A. & Fairweather N. (2007) J Mol Biol. 365, 123 i 134.
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Monomer

The estimated molecular mass of the
particles (380 kDa) was significantly lower
than the theoretical value of 720 kDa
tricorn hexamer, suggesting partial
dissociation of the tricorn hexamers in
solution.

SAXS data were fitted by a linear
combination of the scattering from tricorn i
monomers (53%), dimers (14%) and 005 010 0.15 |

hexamers (33%) using OLIGOMER. s, A’

Wil
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Goettig, P., Brandstetter, H., Croll, M., Gohring, W., Konarev, P.V., Svergun, D.I,
Huber, R., and Kim, J.S. (2005) J Biol Chem. 280, 33387-33396



and Adx were measured by SAXS at different conditions: <
a) solute concentration range from 2.4 to 24.0 mg/ml;

b) 10 mM Hepes / 20mM potassium phosphate (pH 7.4) buffe
c) with addition of NaCl (from O up to 300 mM).

2
For CL complex CcV28C and AdxL80C mutants were linked
; by a disulfide bond.

Adx
Each protein has Molecular Mass (MM) of about 12.5 kDa.

X. Xu, W. Reinle, F. Hannemann, P. V. Konarev, D. I. Svergun,
Cc R. Bernhardt & M. Ubbink JACS (2008) 130, 6395-6403



The experimental scattering from the CL
complex does not depend on the solute
concentration and addition of NaCl.

: . . . It is compatible with 1:1 complex.

NMR structure of CL complex overlaps well with SAXS model.

X. Xu, W. Reinle, F. Hannemann, P. V. Konarev, D. I. Svergun,
R. Bernhardt & M. Ubbink JACS (2008) 130, 6395-6403



No salt

»

The native complex strongly depends on the
sampie concentiration and on the amount of
NacCl in the buffer.

G RAREE
CY .

0.1

o o v At high protein concentration it forms heterotetramer

s, A1 with 2:2 stoichiometry, whereas at high salt
concentration it dissociates into two individual
proteins.

X. Xu, W. Reinle, F. Hannemann, P. V. Konarev, D. I. Svergun,
R. Bernhardt & M. Ubbink JACS (2008) 130, 6395-6403 |



OLIGOMER fits

X. Xu, W. Reinle, F. Hannemann, P. V. Konarev, D. I. Svergun,

28.3°0.7 | 28.3°0.7 | 26.5°0.5 | 24.4°0.7 | 21.4°0.5
Dyoo A | 90°5 90°5 | 90°5 | 80°5 80°5
V,, 103A3 | 63°6 52°5 | 43°5 | 35°4 42°5
MM, kDa | 44°5 42°5  |35°4 | 25°4 22°3
Voonss | O 0 6°5 24°5 0
Vi o6 0 8°5 25°5 | 24°5 100

/ @ 47°5 @ 0
Vit 52°5 45°5 | 15°5 |0 0

R. Bernhardt & M. Ubbink JACS (2008) 130, 6395-6403
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entirely dynamic and can be
considered as a pure encounter
complex. AT

)
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OLIGOMER fits The ensemble of native Adx:Cc complex

structures from the PCS simulation.

X. Xu, W. Reinle, F. Hannemann, P. V. Konarev, D. I. Svergun,
R. Bernhardt & M. Ubbink JACS (2008) 130, 6395-6403



for low-affinity transient complexes

The structures of the components are not known and/or
the samples remain polydisperse at any conditions

GASBORMX (ab initio modelling) and

SASREFMX (rigid body modelling)
can take into account the polydispersity and restore the 3D models
together with the volume fractions of the components

Petoukhov, M.V.,Franke, D., Shkumatov, A.V., Tria, G., Kikhney, A.G., Gajda,
M., Gorba, C., Mertens, H.D.T., Konarev, P.V., Svergun, D.I. (2012)
J. Appl. Crystallogr. 45, 3421 350.
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Petoukhov, M.V., Billas, I.M.L., Takacs, M., Graewert, M.A.,
Moras, D. & Svergun, D.l. (2013) Biochemistry, 52, 6844-6855



Singular value decomposition (SVD)

For model-independent analysis of multiple scattering data
sets from polydisperse systems, singular value
decomposition (SVD) (Golub & Reinsh, 1970) can be applied.

The matrix A ={A.} = {l(K)(s))},
(i=1,...,N k=1, ..., K

where N is number of experimental points in the
scattering curve and K is the number of data sets) is

represented as A = U*S*VT where

the matrix S is diagonal, and the columns of the
orthogonal matrices U and V are the eigenvectors of
the matrices A*ATand AT*A, respectively.



Singular value decomposition (SVD)

A=U*S*V '™

* —
V*V'=]
The matrix U yields a set of so-called

left singular vectors, i.e. orthonormal basic

curves U(K)(S;), that spans the range of matrix A,

whereas the diagonal of S contains their associated

singular values in descending order (the larger the
singular value, the more significant the vector).



Singular value decomposition (SVD)

The number of significant singular vectors in SVD
(i.e. non-random curves with significant singular
values) yields the minimum number of independent
curves required to represent the entire data set by
their linear combinations (e.g. for mixtures).

SVD method has found wide-ranging applications:

*Spectrum analysis.

*Image processing and compression.
*Information Retrieval.

*Molecular dynamics.

*Analysis of gene expression data.
*Small-angle Scattering

etc.



Program SVDPLOT for SAXS analysis

The program SVDPLOT computes the SVD from the
active data sets in the PRIMUS toolbox and displays the
singular vectors and singular values.

A non-parametric test of randomness due to Wald

and Wolfowitz (Larson, 1975) is implemented to obtain
the number of significant singular vectors, which
provides an estimate of the minimum number of
Independent components in equilibrium or
nonequilibrium mixtures [e.q. number of (un)folding or

assembly intermediates].
BICE a/.,(s)V(3
al,(s) = 1;(s) a /(S)\{(S)



For Q=0.02 (P=0.98), Ncomp = 4

(9> B18AAA.dat
(18> B19096.dat

B19608. dat
(2> B110A8.dat
(3> P1200@.dat
(4> B1360@.dat
(5> B14890.dat
(6> B1500@.dat
(7> B168AA.dat

£.6 ff@ﬁ“fwmsﬂmwﬁm’%ww,mﬁa

values.

If the criterium
of the vector 1is

No. criterium

-29.15
-29.59
-17.49
-25.82
-0.3329
-1.049
0.8746
-1.060
-1.127
-0.4674

F:\Anna\prions .hB2\work

19-Hay-2003  14:18:14

O W o Wb

-

For Q=0.02 (P=0.98), Ncomp

lies outside critical values then the shape

NoNrandom.

P=0.95

-2.019
-2.008
-1.994
-1.995
-1.993
-1.993
-1.993
-1.993
-1.993
=1.993

P=0.98

-2.385
-2.373
-2.360
-2.361
-2.360
-2.360
=-2.360
-2.360
-2.360
-2.360

4

P=0.99

~2.635
-2.622
-2.610
-2.611
=-2.609
-2.609
=-2.609
-2.609
-2.609
-2.609

P=0.958

-3.149
-3.137
-3.124
-3.125
-3.124
-3.124
-3.124
-3.124
-3.124
-3.124

J. Appl. Cryst36, 1277
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File Tools Bindsc AwerAsc Gnom  FPeak Axis Sapoko  Detector  Oligomer MixtureE Bodies Help  Wersion 2.3
## Graphics Window - x

Plot data

{1> hc_a3d2.dat ) \
(2% hc_a44.dat S)jJJ.I. @)11‘
€3> hc_pd_ad6 _dat w—

(4> hc_pd_a48 _dat

, |Data processing | x|
AdiveTDggIe' Flle Name  Range | Units nBeg W Sync nEnd  Conc  Multiplier

4 32 dat Selaot |1_ﬂ | 5 |921 ﬂ 1.000 |1.nnu
2.0 P Select |1_ﬂ = ﬂ 1000 01000
~ hc_pd_sd6d  Select |1_ﬂ b |921 ﬂ |1.DDD |1.nnu.;-2
o hc_pd_ad8d | Select |1_ﬂ g |921 ﬂ |1.DDD |1.nun
—ag- Select |1_:| [ X :I [to00 " [i-000
! ! !
1.0 2.0 . 3.0 Salect |1_ﬂ |1 |9999 ﬂ 1.000 |1.DDE|

Select |1_ﬂ I1
Select |1—ﬂ I-I
Select |1_ﬂ 1
Select |1_ﬂ |'|

Flaot | ﬁ.\.feragEi Subtral:tl Dividel SamEufl Adjustl Guinierl Flat | Clearl
Al Sasplot

|9999 ﬂ 1.000 |1.nun

F:~PKONAREU~***Saxs—2803* * *\Brown.aB3\saxs
B6—Nov—-2803 12:26:45

TGO TO Y IOy
File to be opened: hco_pd a46.dat

Working directory: F:\PEONAREV, !!!Z3axs-2003!'! '\ Brown.al3)\saxsh
File to ke opened: hco_pd ad8.dat

Plot: wiew experimental data

Plot: wiew experimental data

|9999 ﬂ 1.000 I‘I.DIJEI

|9999 ﬂ 1.000 |1.nnu

EEEEEEEEEE
IMEEEE
Ll el

- m m m (m

oo Lol Ll fele el fele Lol Lol Lol Lol

|9999 ﬂ 1.000 |1.nun

Mergel Subcstl Divc:stl ZerCDnE{ Adjmull Purodl Fod | Finishl

OUTH 59|ed| |1 ﬂ |1 ﬂ 5999 ﬂ 1.000 |1.nun
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Mixture of monomers and dimers



' svdplotgw
File Edit “iew State ‘Window Help

## Graphics Window

' Command Window
For Q=0.82 (P-8.98>. Ncomp = 2 Non-parssetric test for the number of components.

In this test shapes of left-side singular vectors are tested
for randomness of sequencing positive and negative elements.
The nurkber of cowponents edguals the number of singular wveotors
which shape iz nonrandom (hon-noisy).

In this table:

"o ™

ordinal nuwkber of the singular wvector. All the wvectors
are arranged correspondingly to singular wvalues of the
data matrix arranged in decreasing order.

oriterium™:
testing statistics.

o,
confidence level., In the corresponding colwms two
numbers [(columnwise pairs) are left and right critical

i values.

If the criteriuwm lies outside critiesl waluess then the shape

a. of the vector is NONrandom.
No. criterium P=0.95 P=0.93 P=0.99 P=0.993
1 -18.92 -z.017 -2.384 -2.633 -3.145
.'l e 1 2 -1z.11 -2.013 -2.379 -2.628 -3.143
o o . ; y
9.0 ﬂhli.. rl'!'], o "“"“i .'"'“1;. ey [ iy = [ R T ol 3 -1.185 -z.012 -2.379 -z.628 -3.14z2
= | T T N P LW ""l'p' : 4 0.9518 -z.01z2 -2.378 -z.628 -3.14z2

a.5 1.8 For Q=0.0%Z (P=0.98),
g Fress to continue

F:S\PEONAREUS! ' 1 5axs—200A31 ¢ *\Brown.aB3\saxs
B6—Nov—-2803 12:29:38

Running  |Input pending in Command Window

Mixture of monomers and dimers



A .
Singular valuas

2l
Igl, relative
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Singular vectors
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s Al
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100 = dirner -+ % dimer of dimers

%0 10 1 AWWWW‘«\MW
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20 - &
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0 — & :

o 1 2 3 4 5 & ' ! '
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s, A
Mixture of dimers (D) and dimers of dimers (DD)

S. Covaceuszach, P.V. Konarev, A. Cassetta, F. Paoletti, D.l. Svergun, D. Lamba, A. Cattaneo (2015)
Biophys.J 108, 687-697
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A the size distribution function N(R) for a
given form factor i (x)
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Interparticle interactions

For spherically symmetrical particles

| (c,s) @ (O,s)* S(c, s)

form factor

structure factor
of the particle

of the solution
Still valid for globular particles though over a restricted s-range

| e

S(c,S) is related to the ’o

probability distribution function
of inter-particle distances,

l.e. pair correlation function g(r)

g

A4




Interparticle interactions
(experimental structure factor)

COI exp(C1 S)
cl(c,,S)

The structure factor can be obtained from the ratio
of the experimental intensity at a concentration c to
that obtained by extrapolation to infinite dilution or
measured at a sufficiently low concentration c,
where all correlations between particles have
vanished

S(c,s) =



Structure Factor +NaC
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The interactions between molecules depend on the buffer composition.

The addition of NaCl changes attractive intreractions
(observed in normal buffer) to repulsive ones.

C.R. Mosbeek, P.V. Konarev, D.I. Svergun,, C.Rischel, B.Vestergaard (2012) Pharm Res. 29, 2225-35
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to the presence of equilibrium clusters.

These experiments were repeated following the protein preparation
protocols of Stradner et al. using several batches of lysozyme and
exploring a broad range of concentrations, temperature and other
conditions.

SAXS (EMBL X33 beamline)
SAXS ( ESRF, ID02 beamline )
SANS (ILL, D22 beamline)

A. Shukla, E. Mylonas, E. Di Cola, S. Finet, P. Timmins, T. Narayanan, D. I. Svergun
(2008) PNAS 105, 5075-5080



SAXS/SANS studies on concentrated
lysozyme solutions |

The new measurements revealed that the interference
peak due to the repulsive interactions displayed a clear
trend toward higher g values with increasing protein
concentration.

. _J_P.:q.f_\.
L T CEYEOL |

{0 N\ o 2ot
Several experimental sessions were performed o 21
In H20O and D20 buffers using different protein batches, |

different high resolution instruments and under varying

experimental conditions (temperature, concentration,
jonic strength, pH). '

lg) [mm]

]

lqg)a

In all cases, the appearance and behavior of the
Interference peak is adequately and consistently
described by the form and structure factors of individual
lysozyme particles using an interaction potential ]
involving short-range attraction and long-range repulsion.  «{

) [emi™]

g [nm’]
A. Shukla, E. Mylonas, E. Di Cola, S. Finet, P. Timmins, T. Narayanan, D. I. Svergun
(2008) PNAS 105, 5075-5080
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Main structural task is determination of

@ ﬂ the volume fractions, average sizes,

@ polydispersities and interactions by
simulations or by non-linear fitting
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\ 500 scattering patterns at
c . : different physical and chemical
lg Lrelative conditions [1]

—— Spherical droplets
—— Reversed micelles

p— I 5 Now generalized to provide a

restrained non -linear fit to the
experimental data from
polydisperse interacting
mixtures of spheres, cylinders,
00 05 T - dumbbells and ellipsoids

s, nm-1

[1] D.l. Svergun, P.V. Konarev, V.V. Volkov, M.H.J. Koch, W.F.C. Sager,
J. Smeets, E.M. Blokhuis, J. Chem. Phys. (2000) V. 113 , p. 1651 -1665




particles 0

~ At high temperatures: -1
mostly long aggregates

5 Without water: small
reverse micelles
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molecular weight of about 960 kDa.

SAXS measurements were made
for native and mutant enzyme species
In different solvents and at different pH.

pentamer unit
The formation of mutliple assembly states was

observed. They are interconvertable via equilibrium
which is sensitive to solvent type and pH.

X.Zhang, P.Konarev, M.Petouhkov, D.Svergun et.al. JMB (2006 ) 362, 753-770
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SVD analysis yielded that the equilibrium mixtures
for LSBS and LSAQ data contain five major components.



Lymazine synthase data analysis
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D.Svergun et.al. JMB (2006 ) 362, 753-770



Cryo -EM micrographs

The system was successfully described

by 5 components
complete and incomplete small capsids (T=1)
complete and incomplete big capsids (T= 3,4)
free facets .

& The data show that multiple assembly forms
are a general feature of lumazine synthases.
Ab initio models

X.Zhang, P.Konarev, M.Petouhkov, D.Svergun et.al. JMB (2006 ) 362, 753 -770




F.Herranz-Trillo, M.Groenning, A. van Maarschalkerweerd, R. Tauler,
B.Vestergaard, P.Bernado (2017) Structure, V. 25, p. 1-11

Evolving Factor Analysis (EFA) for SEC-SAXS data.

S.P. Meisburger, A.B. Taylor, C.A. Khan, S. Zhang, P.F. Fitzpatrick, N.
Ando J Am Chem Soc. (2016) V. 138, 6506-6516

Hopkins, J. B., Gillilan, R. E. & Skou, S. (2017). J. Appl. Cryst. 50,
154571 1553. program BioXTAS RAW
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A Let us haveN scatteringcurvescollectedfrom an evolving
system(e.g. time series) In the beginning,we havethe state
with known intensity (e.g. monomey; at the end, we have
also defined state (e.g. big aggregatg Quite often the
situationis that thereis an intermediate whose scattering
curveandstructuras unknown
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A The scatteringintensity at any (k-th) time point is a linear
combination

1 (S)= Vi m(S) + Vad a(S) + Vili(s), VinkHVaitVie=1

The idea is to construct a shape that yields the intens}y |
providing thebest global fit
(the overallc? over all observed data from the mixtures).



computethe R-factor(c?) overmultiple curves

A At eachSA stepthe volume fractionsof the componentsare
evaluatedusing the non-negativelinear leastsquaresmethod
(like in Oligomer)

A Thefunctionalis composedrom the overall c2 value plus the
penaltiesfor compactness/looseneasnd the penalty for the
minimumthresholdof the volumefractionfor theintermediate

P.V.Konarev & D.l.Svergun (2018) IUCr J., 5, 123



Intermediate state (kinetic time series,
studies of fibril formation, etc.)

Diluted oligomeric mixtures with
unknown component studied at
different conditions (pH, temperature,
protein concentration, buffer compo-
sition, addition of ligand, etc.)

Multiple assembly states (virus-like
structures, icosahedral capsids,
formation of nanoparticles)

Program DAMMIX i combination of
DAMMIN and OLIGOMER algorithms

P.V.Konarev & D.l.Svergun (2018) IUCr J., 5, 123

i 1] (1] (1] wl L1

Intermedlate component Is unknown

" 4

m%
&

Restored shape

Restored volume
fractions
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Growth rate of

3 _fibrils is

! proportional to
volume fraction
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Vestergaard B, Groenning M, Roessle M, Kastrup JS, van de Weert
M, Flink JM, Frokjaer S, Gajhede M, Svergun DI. // A helical structural
nucleus is the primary elongating unit of insulin amyloid fibrils. //

PLoS Biol. 2007 V. 5, e134



DAMMIX examples
(insulin amyloid fibrils)

Vol . fractions

1.00 :
0.800 —
0.600 —
0.400 —

0.200

O: Trrr T T _ ‘ +‘
2.00 4.00 6.00 8.00 10.00 12.00 14.00
t, hours

Restored volume fractions

DAMMIX model (in green)
Experimental model from the paper (in magenta)
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s(A

volume fractions, %
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—— dimers
~—— dimer of dimers

1 2 3 4 5
concentration, mgmi™'

Dimer - Dimer of dimers
0.;)5 0.'10 0.'15 0.'20 0.'25 0.;50 eq u i I i b ri u m

s(A)

P.V.Konarev & D.l.Svergun (2018) IUCr J., 5, 123



