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SAXS vs. WAXS Data profile

> SAXS g range: 0-0.2~0.4 A'1; WAXS: >0.2 A

» Structural Information:

» SAXS:
» Size, shape, MW

» Conformation

Secondary

» Inter-particle interactions
structure

» Molecular envelope

» WAXS: Fold/ tertiary

» Fingerprints of internal structure 1 structure

WAXS
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WAXS example 1: fingerprints for DNA conformation

Fingerprint for canonical B-form Duplex DNA:
d (A= dnig
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Tiede et al., PNAS 103, 3534, 2006
Tiede et al., JACS 127, 16, 2005

Savelyev, Alexey - US-SOMO- SLAC Workshop— 28-30 Mar 2016



WAXS example 2: differentiate btw NMR and X-ray structures

Dickerson DNA | d('GC;{}C:&A"I“T{iC{}.‘C);
Crystal: "
1

WAXS patterns
summarize molecular
structure: distance
resolved atom pair

I correlation
1BMA i 355D

MNMR Solution:

1.5 2.0 25 3.0

q. A’

® Structures differ in details
(linearity, twist, packing)

* Demonstrate ambiguity of
determining structure

1GIP | DUF 171L ® \WAXS can distinguish

Zuo, X. & Tiede, D. M. {2005). Resolving conflicting crystallographic and MMR models for solution-state DMNA with solution X-ray diffraction. J Am
Chem Soc 127, 16-7.
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SAXS/WAXS example 3: differentiate btw. different all-atom
computational DNA models

CHARMM C36, Drude and AMBER FFs

» 1DCV (10 b.p.) [B form]

» Ecor1 (12 b.p.) [B form]

AMBER setup:

32-128 CPUs
» ParmbscO FF for DNA;

» TIP3P water model;

» Cheatham&Joung monovalent ion parameters
for Ewald and TIP3P water

New fully polarizable all-atom model for DNA based
on Drude oscillator formalism

Savelyev & MacKerell, J Comp Chem, 35, 1219, 2014
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—— Individual Conformer
Ensemble Average

= NMR model {1gip)
Expt Data
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THEORY
Look at the q up to ~2.5 A”-1

N N -
1@ =Y 4,4,
j k

Process entire MD trajectory
4, Nk (thousands of frames)

qr.j".

=
_q* W3-V, /5) I 4x

4
m

O<g<25A"

’

4 s
f(g)=> a exp| —b | —
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.

(NIST web site)

Savelyev & MacKerell, J Phys Chem Lett, 6, 212, 2015
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SAXS/WAXS example 3: differentiate btw. different all-atom
computational DNA models

EcoR1:
ADDITIVE

T ITTITTII

T ||||[IT|

o

MD“
C36 Amber Drude
EcoR1, 12-bp.
P1 0.456 0.442
P2 0.750° 0.800°
P3 1.127 1.101
P4 1.513 1.478
P5 1.834 1.829

rmsd [P2 — P5] 0.033
rmsd_all 0.030

1DCYV, 10-bp.°

P1 0.510 0.480 0.520

P2 0.755° 0.800¢ 0.820¢

P3 1.180 1.100 1.110

P4 1.525 1.455 1.495

P5 1.790 1.825 1.800

rmsd [P2 — P5] 0.060 0.050
rmsd_all 0.055 0.045

EXP

“Peak positions were determined from zero crossing points in the first
derivative; values are in A’!

” Approximate positions of the plato at P2

“Only internal 8 base pair were considered to be consistent with the
experimentally studied sequence

¢ Approximate positions of the spike at P2

Savelyev & MacKerell, J Comp Chem, 35, 1219, 2014
Savelyev & MacKerell, J Phys Chem B, 118, 6742, 2014
Savelyev & MacKerell, J Phys Chem Lett, 6, 212, 2015
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T | T | T T I T 1
Average RMSD(A): - Average RMSD(A):
Drude 1.59 Drude 1.94

C36 171 I C36 2.09
Amber 2.41 Amber 2.23

RMS Difference, A

60 80 100 120 140
Time, ns

Savelyev & MacKerell, J Phys Chem Lett, 6, 212, 2015
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MD simulations predict differential impact of Li+, Na+, K+ and
Rb lons on DNA conformatial roerties

A\

L L L / it . H . - -
0.5 0.55 TR A | 04 045 05 055

L L L I
04 .45 0.5 (.55 6

Savelyev & MacKerell, J Phys Chem Lett, 6, 212, 2015
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1DCV in LiCl [DRUDE]: Dynamics Inferred from dPCA

T ] T T 0.0 0.0
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Savelyev, A, in preparation
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Base Rise(A}]

8) ..\
b | =] c=TAT?
P ) |

Wy B w0 =60 - <x>)
351 4

! 361 AG(p,. po) =—kzT[Inp (p), po) —Inp, .1 T
Q 1 2 3 4 5 .

31 32 33 34 35 38 Eigenvalue
Rise Dihedral Angle PCA (dPCA):

associated with angular coordinates 0/2, X=CO0S @
each angle was instead defined by its SIN pr=

and COS components

« To eliminate discontinuity problems ‘ I

y =sin (,o‘

Tiede et al, JACS, 127, 16, 2005 T - T
dPCA based DG

Basin 2
11 Basin 3
decomposition  arings

10000

Savelyev, A, in preparation
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d cations modulate minor groove via water-mediated
hydrogen bonds with DNA strands

Savelyev & MacKerell, J Chem Theory Comput, 11, 4473, 2015
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1DCV: DRUDE

SAXS experiments on DNA
in various ionic buffers are

planned at NIST

Probability

7.91 Savelyev & MacKerell,
L J Chem Theory Comput, 11, 4473, 2015

4 I 6 8 10 12
Minor groove width, A Minor groove width, A
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OMO: Hydrodynamic calculations

SOMO Hydradymmic Results
(Water at 20&C)
(Density 100194 cP. Viscosity 0978234 g/ml)

Model: 3GKO_no_hetatm-alb
Total Beads in Model: 439

Used DBeads in Model: 369

Molecular Mass 33437e+04 Da

Part. Specif Volume: 0733 em"3/qg
272e+00 S
T40e-07 cmfsec™Z
270e+00 nm

136

2622+00 nm
321e+01 ns
5.06e+00 cm"3/g

View Dead Medel File

Sedimentation Coefficient =

Tr. Diffusion Ceefficient It

Stoke: Radius

F rictional Ratio:
Radius of C}yrm‘r’oﬂ'
Relaxation Time taulh)

letrinsic stcosfi‘}-r:

View ASA Results File

View Full H}fdrnd}rmmfcs Results File
HEJF

Close

Hydrodynamic tensor equation by matrix inversion or

Savelyev, Alexey - US-SOMO- SLAC Workshop— 28-30 Mar 2016

boundary element method or
Zeno method (non rotational)



GenApp Web-portal
= a somo web pre alpha 0.1 o) ' % ‘

Help on
Input PDB file No file selected. [V'dl Browse server
Process only 1st model
Bead Model AtoB (Grid) -
Cube Side (Angstrom): [l | G
Hydrodynamic Method [EXIiRg Progress
Log file: mnlog txt
Show Original Atomistic Model H Bead Model File (1st model): 1HEL 1-A20R50hi0T-s0.bead model
Hydrodynamics Calculation File: 1HEL 1-A20R50hiOT-so.hydro res
Advanced Input Options
Model 1HEL-A20R50hi0OT-s0

e L Metod
Bead Model Options [ e
Tt s

Molecular Mass 1.4210e+04 Da

Miscellaneous Options |

Part. Specific Volume 0.714 cm”~3/g

Reset to default values

Sedimentation Coefficient 1.98e+00 5
Tr. Diffusion Cefficient
Stokes Radius
Frictional Ratio

F.adiws of Gyration 1.44e+00 nm
¥ Relaxation Time, tau(h) 7.73e+00 ns

Intrinsic Viscosity 3.10e+00 cm*3/g
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US-SOMO SAS

SAS Plotting Functions
PDB Fllename: _n|:|
Definltion flles:

Somo.atom
Somo.saxs._atoms
SAS I{q) Plotting Functions:
Load SAXS Curve | Load GNOM File | _Load Plotted | SetGria | Clear SAXS Curve)
7| sewch | oas [weic]  Gumer | legend |
[ umer | osf W azengem] T

v Create standard output files
+ SAXS " F-DB " SH-DB ' Q-DB & Crysol
SANS C F-DB  SH-DB  Q-DE & Cryson

SAXS Curve

=
i
+
=1
P

I{q) (log scale)

Flle sufflx: cr_h3s_gl8_hsO 03

ompresmsare ] |

[ P(r) vs. r Plotting Functions:

Load P(r) Distribution | Load Plotted P(r) | Clear P(r) Distribution j — : T

Bin size (Angstrom): aeepasaqecsapesaqescspasage
smoothing: R el T T e e
" Raw ' SAXS M Nommalize | | r it S it Sttt Se it el et el ity :"":]':"

]
i

= amw
'
'

Residue contrib. range (Angstrom): DisE ey

Compute P(r) Distribution Ii | | H | ” | | | | ” | | 100%

Preparing file 4F55 A noPGE model 1 for p(r) vs r plot in SAXS mode, Normalized. i e e e e e

=
=]
o
=]

Frequency

e e s T ot e TP (SR <

Number of atoms 4653. Bin size 1.
P(r} curve file: froot/ultrascanj/somo/saxs/4F55_A noPGE_lbl.sprr_x created. St IR
4F55 A noPGE Maolecular weight 66436.5 {computed from pdb) ; e
P(r): Bin size: 1 "4F55 A noPGE" j

w

 se [ openoptomrae | .

Close
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SAXS Curve
g (1/Angstrom)

(ereas Boy) (b)

Legend

Clear SAXS Curve

Guinier

Set Grid
a-D
a-DBE

HPLC
Clear P(r) Distribution

SH-DB
SH-DB

Definition files
Load Plotted

Data

P(r) vs. r Plotting Functions

L]
=
S
T
=
e
o
5
=
°
o
=
=
L]

q range:
Load Platted P(r)

TV g"2 range:

Search
D
-0OB

S
Kratky plot

c

Create standard output files

Guinier

Standard

SANS
File suffix:

Load SAXS Curve Load GMOM File
SAXS

Load P(r) Distribution

PDE Filename:

A
LL]

Bin size (Angstrom):

Plot as percent
Close

cisec.dat

q (1/Angstrom)

Residuals & difference targeting
Plot log

Help

TTTTIT T[T T7]

p's / (b)) eyjep

| Plot difference|

odb

ed.|

fix
op

Mormalize

otails

Nnc

swap
Close

Open Options Panel

n

69 nchi=0.880837

P

SANS

bc

53.5353 df

0.0719852

gfb2tm

SAXS
't
"sdf=

r) Distribution

Help

Compute P(
n2 fitting
range: 0.00929495 to 0.310625 with 70 points
0.0817236 nchi

Residue contrib. range (Angstrom):

Scaling factor: 0.999971 chi"2

Chi
fitting
sdf

Smoothing:




¥y "
4,
%

. P(r) structural histogram

> N
P

| P(r) vs. r Plotting Functions

Bin size r.":.ng#rom}f E TvZ

Raw 5AXS S5ANS MNermalize

Residue contrib. range r"ﬂagsfromj: 40 5[}1 Dl's,ufay

Compute P(r) Distribution

Number of atoms 1000. Bin size 2.

P(r) curve

file: /root/ultrascan//somo/saxs/1THEL_s_equi_tp_6 tm10000_m-9_1b2.sprr_
created.

1HEL_s_equi_tp_6_tm10000_m-9 Molecular weight 14283.7 (computed

from pdb)

20

Open Opfions Parel Distance ["Hngsfrom_,}

| |
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O: SAS data treatment

Data files
I'saxs/marZ01Z/saxsmZ
Add files Concentrations Remove files

b cone3500 m2

b comeclT50 _mé2_bsub ol 7797 n
sZb coneTO00_mZ_bsub_al 777
sZb conc3300 _mZ_bsub_al 977
sZ2b conc0873_mZ_bsub_al 9797
sZb_conc0875_m2

al F_e.rnpfr'es_rnz

b concTO00 _mZ_bsub ol 997 n

24 of Z4 files selected
Select all Invert 5 View Rescale

Average

Produced Files

0 of 0 files selected

| |
ol ois 0z
_F'IE"__J e q fffﬁngsfrom}
ehbr_avg—‘f_m.?.
ehbr 3_5axs_“ff}é_avg_mz_bwb_af}_‘??
Files loaded ok

Parameter Active Low wvalue High value Foints Interval Current value| Best value

I |Alpha (l=lsol-Alpha* Ibuf-{ I-Alpha)*Iblank ) | 095 ! 51 0001

2 |Ps5V 05 08 31 0006

3 |Gamma (Alpha=1-Gamma ™ Conc™F3V/1000) 035 105 51 0002 I

Buffer subfraction non-positive: Cr’op Set to minimum Jﬁnor’e fleg of nen-pesitive mot defined) Ask (blecks mass processing)
Subtract buffer from every selected file (exepting set buffer and set blank) .‘q'veroge Concentration normalized average

Hefp Close
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Discrete MD

0.7 T L
» Explores conformational space 3 | \ '
« Faster than standard MD S 035 - \ .
« Discretizes the potential function e | |
+ 20,000 * 50 fs = 1 ns = ||
« Implicit solvent i \ N
« Anderson thermostat § e ]
-0.35 Il e U IR
3 4 5 6 07 8 9
Distance, A

Ding F, Dokholyan NV. Emergence of protein fold families through rational design.
Public Library of Science, Comput Biol. (2006) 2(7):e85

US-S0MO: Cluster DMD Setup e

X

I Cluster DMD setup

Relax PDDB | Relax FDDB

Relax temp Relax time

PDD file

V€ keal/mol/kB| * 50fs

Bl THEL _s_equi_tp_6_1m10000_m-1pdb

BWNQO\W-RUN

]
12
3

IHEL s_

if _&_tml0000_m-10pdb

ot.:fpuf
ﬁmzsfep

oufpuf
count

Run fmp Run time

keal/mol{kL * 50fs

Run PPB |Run FDB
ot.:fpuf

Static range

:-__E!]____
THEL s equi_tp 6_tml0000 m-Bpdb W | 7] ~ Mo] 50 2] 5]  feoco] 200 S0
:-__E'f] 50 Z 5| Jooco]  z00] S0 |
IHEL _s_ _6_tml0000_mZpdo W | 7] deo] so| 2 5[ qeooo|  zoo so
:-__E'f]____

™




US-SOMO

rom atomic structures
calculation

from (explicitly hydrated) atomic structures or bead

S.H., and external interface to CRYSOL/N, FoXS
ded volumes, scattering factors
4 term Gaussian scattering factors and 5 term

» Waasmaier,. D. and Kirfel, A, New analytical scattering-factor functions
for free atoms and ions, Acta Cryst. (1995). A51, 416-431

 CUDA Full Debye
« S.H. Intel MIC Debye (Initial testing 10k Scatters < 500ms)
* Rg, Rc, Rt
* P(r)
« Best fit, NNLS fitting
» Buffer subtraction tool
« Batch & cluster computations
 DMD on cluster for expanding conformation space
« HPLC-SAXS tools
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US-SOMO

 Website: somo.uthscsa.edu
« GUI based: Windows, OSX, Linux, source code (GPL).

* Brookes et al, UltraScan Solution Modeler: Integrated Hydrodynamic Parameter
and Small Angle Scattering Computation and Fitting Tools, ACM XSEDE 2012

« “The overarching goal of our software is to provide an extensible
general framework for generating collections of candidate
structures from an initial structure or structures, modeling
candidate structures under various experimental methods and
conditions, and subsequently globally fitting and screening
candidate structure's models against sets of experimental data”

* Brookes E, Demeler B, Rosano C, Rocco M. The implementation of SOMO (SOlution
MOdeller) in the UltraScan analytical ultracentrifugation data analysis suite: enhanced

capabilities allow the reliable hydrodynamic modeling of virtually any kind of
biomacromolecule. Eur Biophys J. 2010 Feb,;39(3):423-35.

* Brookes E, Demeler B, Rocco M. Developments in the US-SOMO bead modeling suite:
new features in the direct residue-to-bead method, improved grid routines, and influence of
accessible surface area screening. Macromol Biosci. 2010 Jul 7;10(7):746-53.
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SEC

Large particles can not enter the

packing material pores and are excluded.
The have less volume to traverse and are
excluded sooner.

Small particles can enter the packing
material pores and have more volume
Lo traverse. Thev elute later.

Typically Gaussian shaped
profiles since diffusion is
the primary physical
process responsible for
band broadening during
separation

chromatogram

\
‘ ‘ ‘ ' f time >

If not Gaussian, it could be:

Interaction with the column matrix
Superposition of multiple peaks
Interaction between co-eluting species
Weak self associations
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Online SEC-SAXS

= Separate immediately before measuring
* Individual peaks are more likely to be monodisperse
*  First use paper, available to users who could self-manage FPLC

= |D-18 BioCat / APS

* Mathew, E., Mirza, A., & Menhart, N. 2004. Liquid-chromatography-
coupled SAXS for accurate sizing of aggregating proteins. J.
Synchrotron Rad. 11, 314-318.

* First setup with user HPLC support

* SWING/SOLEIL

* David, G. & Pérez, J. 2009. Combined sampler robot and high-

performance liquid chromatography: a fully automated system for
biological small-angle X-ray scattering experiments at the Synchrotron

SOLEIL SWING beamline. J. Appl. Cryst. 42, 8§92-900

Now available as primary method of analysis at multiple beamlines

o)
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IC time or frame, Aldolase

1 ’.!n.il. i i

?
it

i L
i f '|I |||III
|.:.[i'

i Iil ||||,

' Pﬁh”WH"”

g (linear)
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time or frame (linear)
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Developed by Emre Brookes, Javier Pérez, Patrice Vachette and Mattia Rocco (see J. App. Cryst. 46:1823-1833, 2013)

SAXS / Aldolase / Test 1(q) global

Data files

C:/WORK_EMRE/US_SOMO/Aldolase

aldo_pH7p5_Elution1_0022_ It q0_613693
aldo_pH7p5_Elution1_0022_ It q0_614823
aldo_pH7p5_Elution1_0022__It_g0_615388

aldo_pH7p5_Elution1_0022__It_g0_§15953

aldo_pH7p5_Elution1_0022_ It q0_F16518
aldo_pH7p5_Elution1_0022_ It q0_B17083
aldo_pH7p5_Elution1_0022__It_g0_617647
aldo_pH7p5_Elution1_0022_ It_q0_6& y
aldo_pH7p5_Elution1_0022__ 1t q0_|

1072 of 1327 files selected

||— Err:

Intensity [a.u.] (log scale)

0.0001

1e-05

1e-06

1e-07

1e-08

iy
@
v
[=1
w

T
0.0015
q*2 [1/Angstrom*2]

Concentration load ‘ ‘

Produced Data
C./WORK_EMRENUS_SOMO/Alolase/produced

aldo_pH7p5_Elution1_00
aldo_pH7p5_Elution1_00
aldo_pH7p5_Elution1_00

aldo_pH7p5_Elution1_00
aldo_pH7p5_Elution1_00

It q0_§15388
It q0_§15953
It q0_616518
It_g0_617647
It_g0_§18212

22

22

22
aldo_pH7p5_Elution1_0022__ It g0_617083

22

22

22

aldo_pH7p5_Elution1_0022_ It q0_B18777

0 of 1072 files selected

Messages
File

T2 130803 1-C 5. 358 +00
SD on MWIRT] could not compute
o_pH7pS_Elution1_002218% Rg nan (nan) (&) {0} 7.43e-04 (7.85e-04)
chi"2 2.07e+03 r-chi 5.29e+00

SD on MWIRT] could not compute

180:aldo_pH7pS_Elution1_0022180 Rg nan (nan) (A) [0} 1.2%e-03 (1.08e-03)
chi"2 1.28e+03 r-chi 4.17e+00

SD on MWIRT] could not compute

gRg [nan,nan] pts 74

gRg [nan,nan] pts 74

E
2
<] ®
o
E
=
o
'3
7]
T T | T T T T | T T T T | T T T T
‘ 50 100 150
Time [a.u.]
Guinier
N ‘ ‘ Rqg plot ‘ Approx. MW plot ‘ Residuals ‘ ‘ ‘ Cancel ‘
‘ ‘ ‘ Trial make I{q) ‘
Time range for R plot | 29 | 191 Rg range: | 262177 | 128 164 [ Lockrange | Replat
[ Scoll grange:|  0.00800062 | 0.05 plot extension: | 5e-05 | 5e-05 ¥ 8D [¢ gmacRglimit | 13

Avg. 119 of 161 curves qmax*Rg 1.264 [0.409:1.300] Rg 63.1(22.5) [.2:122.5] 10 1.43e-04 (6.92e-05) [3.46e-06:2.96e-04]
MWRT] 119 of 161 Avg. 7.666e+05 (1.392e+06) [1.541e+05:1.16e+07]

Help

ARRRRRARARAN roo
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Decomposition Procedure

ate a Truncated SVD set and/or determine
sians (eq. species)

lans or skewed Gaussians (EMG, GMG,

physical constraints

* Common centers

* Common width

* Common skew (for skewed Gaussians)

* Fit uses all available data and considers physical constraints

Savelyev, Alexey - US-SOMO- SLAC Workshop— 28-30 Mar 2016



A1COI8

||||||||||||

|||||||||||||||||||||||||||||||||||||||||||||||||||||||

]

—| P P N ———
|

[

—|

] . T —

I
=+
=
=

=
san|en Jenbuig

Data files

sSource

= Original data

..

&- )

Replot
Calor

Process

Clear
Compute SVD

Singular value list:

1.02547e-05 8.30653e-06 6.66662e-06

1.2561e-05
0.00160828 226205e-05 1.59418e-05 1.24927e-05 1.02044e-05 8.28492e-06 6.60606e-06

0.00894405 220656e-05 1.6003e-05

3

Save 5Vs

Plot 5Ys

Messages

File

Making I(t) for source Criginal data

Cene making Iit) for scurce Original data

=D matrix F create

Number (log scale)

, computing SWVD

A
iH

X

Show I(t)

Close

Help




time or frame (linear)
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/ Aldolase / Why common distortion?

¥ US-SOMO: SAXS HPLC
Developed by Emre Brookes, Javier Pérez, Patrice Vachette and Mattia Rocco (see J. App. Cryst. 46:1823-1833, 2013)

Data files =
US-SOMO: SAXS Hplc: Gaussiar 2(0f x|| 90000 - pubal

Add fill US-SOMO: SAXS Hple: Gaussian Fit | R S I d b b wdh s

[ Lock

%Uh-""idam“‘- ! Fix Gaussian centers: | 9% variation 5 [ From initial value

Sub_aldolase_ st — — 0.0005 !

Sub_aldolase Fix Gaussian widths [ % variation | 5 [ From inital value

Sub_aldolase_ [ Fix Gaussian amplitudes [ 9% variation I 5 " From initial value | RN AW S S O Y TR 1 TR N S O
Sub_aldolase ™ giy gistortion 1 [ 9% variation | 5 " From initial value

Sub_aldolase = =

T - Common distortion 1 0.0004 —| S e (B RS SR
Sub_aldolase_

Sub_aldolase Fix Gaussians: Il o I3 1 4

Sub_aldolase 5.33495e-10 .

Sub_aldolase_ Iterations: 100

Sub_aldolase_ B R T = o o i i e p s e e e e g S i el e S S R S e il el g e e G

Maximum calls: | 100

Undo | 9

M | G5 8D | G5IH I G5 GG |

Smooth [ ——————————————————————————
g sSrop |

Help I Close I

I(t) [an.]

Restore to initial values

e
Normalize

0.0002

|

0.0001 —

Produced Data
Shome/ultrascan/HPLC_SAXS/Aldolase_13_12_SOMO/Aldolase_I(t)/LinearBas_sub/Gaussians/
Sub_aldolase_0013_rad _It_q0_223075-bl-1_3061554e-10-2_7044942¢-08s
Sub_aldolase_0013_rad_It_q0_228153-bl1_5308888e-09--1_5308653e-06s

[
[
"
]
i
r
[
[
"
[
r

: ]

[

[ 0

¥ ' ] Py i ’ " -

Sub_aldolase 0013 rad It_q0_228717-bl1_0256163e-09--1_8669107e-06s 0+ ""‘ﬁ""‘“"""‘"‘""“"""?‘ T e N R ol T

Sub_aldolase_0013_rad_It_q0_232101-bl-4_0332603e-10-3_4043965e-07s (
- = |
382 of 382 files selected
(e 1 05.9 BCT 750
selectall | Inver] Similar | Hemoye [ Save sV | Save Time [aa]
Slow I Shoyonly I - . - - -
736.785
Messages ~ EMG
Eile 30 | Mt reference | Residuals [ Cancel | Keep
y i MG I Global gaussians Faseline paselimeapply dimestilt Scale TestI () (S 1ITIer
-06s written as

6s.dat Clear JNewl Del | =|1of 4 > |{ Match | 736.785000 ] 9.430499 0.000450 ] 49.999645 Save

5e :—l;:n“ " EIIV SD Fit 26.797 | 714 | 963 To produced data
T T T T T T T Close

Sub_aldolase_0013_rad_It_q0_232101-bl-4_03:

Help
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nctions with distortions

2T e’ +ay’
* EMG+GMG:
= Qa0 — 2,3+ 4 — X + 1(a=xf
y-4a3 ( = ]erf 5P ] N r—% o exp[ 2% . ]erfc[
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Aldolase / Final global EMG+GMG fitting

LU GiUp oGy s

Data files

C:/WORK_EMRE/US_SOMO/Aldolase

0.0003

AU R _CIULU | _ WL

aldo_pH7p5_Elution1_0022_ It q0_61369:
aldo_pH7p5_Elution1_0022__It_q0_614823
aldo_pH7p5_Elution1_0022__It_g0_615388

aldo_pH7p5_Elution1_0022__It_q0_£1595
aldo_pH7p5_Elution1_0022__It_q0_616
aldo_pH7p5_Elution1_0022__It_q0_61708
aldo_pH7p5_Elution1_0022__It_q0_ 61764
aldo_pH7p5_Elution1_0022__It_q0_£18
aldo_pH7p5_Elution1_0022__It_q0_618777

154 of 1327 files selected

o oo

ra =~

0.00025
~ 00002
=

[
; 0.00015

0.0001

5e-05

1
.
4
a-
1.

)

i
1
.
4

A e

|I_ Er | Rescale

Concentration load ‘ ‘

Produced Data
C:/WORK_EMRE/US_S0MO/Aldolase/produced

on

aldo_pH7p5_Elution1_0022__It_gq0_g15338
aldo_pH7p5_Elution1_0022__It_q0_615953
aldo_pH7p5_Elution1_0022__It_q0_616518
aldo_pH7p5_Elution1_0022__It_gq0_§17083
aldo_pH7p5_Elution1_0022__It_q0_817647
aldo_pH7p5_Elution1_0022__It_q0_§18212
aldo_pH7p5_Elution1_0022__It_q0_618777
0 of 1072 files selected

delta I (t)/sd

=1
I I I A A I A I I A O A

i
—
=

Ll
O
o

[

Messages
File

37T 00T = F pans
P value analysis summary:
62.0% P==0.01(426%P==0.05)+(19.4% 005>
38.0% 0.01 = P pairs
P value analysis summary:
70.8% P == 0.01 (52.6% P == 0.05) + (18.2% 0.05 = P == 0.01) pairs
29.2% 0.01 » P pairs

== 0.01) pairz

‘ 60 80 100 120 140
[ Reverse v Use standard deviations [~ By percent ¥ Group
< | >
Global Gaussians
ﬂ ‘ ‘ Residuals ‘ Show CorMap ‘ ‘ Global fit by q ‘ Cancel ‘ Keep
| | | |
I~ Scroll ¥ P==0.05 W 0.05=P==0.01 ¥ P=0.01 Make result curves | To produced data
jd,om | 136.155 | §.26136 | 10.5099 | -1.48966 Save
<|¥ 5D ¥ Eqwidh ¥ Eqdst! [ Eqdist2 | GlobalFi e 0 wayy [ 199986 |

Help
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PLC-SAXS / Gaussian fitting

 US-SOMO: SAXS Hplc: Gaussian Fit e [=] B

US5-S0MO: SAXS Hplc: Gaussian Fit

Gaussian centers; [ % variation [ From initial value

[~ Fix Gaussian amplitudes [~ % variation [ From initial value

5

[T Fix Ga idths [T % wvariation 5 [ From initial value
5
2 3

Fix Gaussians: [ [ |
Epsllon: 0.000110713
Iterations: 100

Maximum calls: 100

Bl gja e
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peak

S / Aldolase / Test 1(q) 4"

)

_
-
bR \
R Y T
AR RN

T TR R T
Lo )

T-=—~"-~"a~-----f--

G F
B e L

0.0001

(a]eas boj) ['n"e] Ausuaju|

A2 [1fAngstrom#2]

q

R P

]
a4
]

R [

o0 w0

[wonsbuy] by

iy g NP

Time [a.u.]

Residuals

me range for Rg plot:

Approx. MW plot

Trial make 1(q)

Replot

ange

ckr

Lo

20 F

Avg. 29 curves qmax*Rg 1.290 [1.277:1.300] Rg 37.4 (0.9) [36.4:40.5] 10 1.79¢-04 (8.18e-05) [3.46e-05:2.8Te-04]

ion:

plot exten:

qrange:

= Cro

MWI[RT] Avg. 1.579e+05 (5046) [1.525e+05:1.709e+05]
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peak

I(q) 3"

S / Aldolase / Test

)

o as v !
SRR
!

)

_ _ _
......... B
T A

l X

1 ] |
}&41.4"44 +

R

W 4 T 4
W 4 4
W+

*

S g S

....... i e il
P+t W W
At o+ 4

0.0001

(@) eos Bo)) ['n-e] Ausuaju|

A2 [1fAngstrom#2]

q

demam

S ——

S

oo =]

[wonsbuy] by

it el s B Tt e e S

PR
-,

STTroTTTTTTooac-

i el d e

AT T T TTrTTTTr TS rTTTTAaT oo

Time [a.u.]

Residuals

Approx. MW plot

Trial make I(q)

] 20

Avg. 27 curves qmax”Rg 1.286 [1.271:1.299] Rg 53.7 (1.0) [52.1:56.0] 10 1.07e-04 (3.72e-05) [3.12e-05:1.53e-04]

Replot

ange

ckr

Lo

[v

ang

Ragr

g plot:

]
.

ime range for

ion:

plot exten:

MW[RT] Avg. 3.334e+05 (1.493e+04) [3.134e+05:3.774e+05]
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S / Aldolase / Test 1(g) 2nd peak

0001

0

{ajeos Boj) ['n"e] Misuaju|

q~2 [1/Angstrom~2]

U |y A A P

R I

e

a
'
'
'
'

4
'
'
'
'
]

-
'
'
1
'

-
'
'
'
'

-
'
1
1
'

4
I
'
'
'

[ P

[P

[ I

e

demm

[P

U |y A A P
B el s el e s el s el
aliat el Bl Rt Tl sl e e

T

[ -

.

R e
e

“Tr----T----Aam-

) e

P
i,

"

B Y

it i lil Bl Tl e it Al

o 1=}

[wonsbuy] by

|

Time [a.u.]

Guinier

Residuals

Approx. MW plot

Replot

ange

ck

Lo

[+

ime range for Rg plot

ion:

[1.251:1.299] Rg 71.2 (2.1) [68.1
MW[RT] Avg. 6.609e+05 (3.892e+04) [6.093e+05:7.409e+05]

plot exten:

qrange:

croll

04]

04 (2.11e-05) [8.98e-05:1.60e-

:75.4] 10 1.36e

Rg 1.281

*

Avg. 23 curves gmax®
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S / Aldolase / Test I(q) 1st peak

Intensity [a.u.] (log scale)

0.00m 0.0015
q~2 [1fAngstrom~2]

E
2
B
=
=
=
=
o

Time [a.u.]

Guinier
Rg plot Approx. MW plot Residuals Cancel

ime range for Rg plot: 200 _I_II'I| W Lockrange Replot
Scroll qrange: _— plot extension: 5005 5005 v 8D I amacRalimt | 12

Avg. 8 of 20 curves qmax*Rg 1.241 [1.144:1.293] Rg 116.0 (6. s:- [1:}? 6:125.5] 10 9.90e.05 :1 33e-05) [7.53e-05:1.12e-04]
MWIRT] & of 20 Avg. 5.127e+06 (8.996e+05) [4.2e+06:6.969e+06]
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[wousbuy] By

'
'
'
'
r

[wousBuy] By

[woxsBuy] By

[woush

uy] by

(8]

Time [a.u.]

-30 Mar 2016
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PLC-SAXS / Aldolase
) decomposition

______________________________________________________________________________________________________________________________________________________________

0.0001

liq) [a.u.] (log scale)

q [1/Angstrom]
- aldo_pH7p5_Elution1_0022_90 - aldo_pH7p5_Elution1_0022_ pk1_t090

- aldo_pH7p5_Elution1_0022 pk2 t090 - aldo_pH7p5_Elution1_0022_ pk3 t090
- aldo_pH7p5_Elution1_0022_pk4 t090
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'©
>
®)
&
)
| -
(@)

=

=
@)

(O
=>
| -

C

o
©
&)

[®]
)
7))
©

O

=

©

el G

R s e

sssassdessdassdessbanabastbanshanshd

shussbassbassbackbaadtaaas

sdassdasndssnbasnbanabhasn

It_oi0_0135607-1

_lyso_0015_rad_

= BI_Sub_|

It_o0_0135607

_0015_rad

= Sub_lyso

0135607-5

_lyso_0015_rad_It_g0_(

BI_Sub_|

0135607-2

_lyso_0015_rad_It_g0_|

- BI_Sub_l

hiG_4803%e-06-0_00234255s

_g0_0135607-

Sub_lyso_D015_rad_It

[au

Ti

Cancentration reference

3D ey

5
g

Timeshift e
N Test k)

GGt (Satesiars

Save Flots

TETIC

Entration refe

[Eanit

ropLeft

o

Crop Zeros

ing

help

Better to not have foul

If you do

b

this may
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ysically based capillary fouling removal

oy I(q,t, )
IBL (fj ) N Zkzl H —

i

1. Set the initial baseline to zero: By(g.r) =0
2. Loop i =0, ..., maximum-iterations
3. Compute the total intensity above the baseline:

H—m

Let / ToT () = E I f-..fj"_, Iy ) — B i(q, T )
i
k=1

I BL Irl:{.‘l

4. Compute o;(q) = :
I TO Tr (q)

5.1f s (q) — a; _1("{(1‘ < g, terminate early

5. Dy(q,1) = 0;(q) |I(q.t) — B;(q.1)]

Tt
7.B; .1(q,t)= z D, (q, ¢ )

t'=1

Savelyev, Alexey - US-SOMO- SLAC Workshop— 28-30 Mar 2016

Time [a.u.]

Sub_lyso_0015_rad_It_q0_00791044
Baseline

Integral Baseline Correction



lary fouling removal

0.0001

I{f) [a.u.]

Time [a.u.]

1) [a.u.]

Time [a.u.]
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)f capillary fouling removal

Original data
(frames 50-110)

Rg [Angstrom]
. ”

90
Time [a.u.]

| I ——— ]

Guinier
Rqg plot Approx. MW plot Residuals Cancel

"ime range for Rg plot: 60

Avg. 18 of 29 curves qmax*Rg 1.078 [0 894:1. 2?3] Rg 25.9 (17. s; [18.0:96.7] 10 2.50e- 05 (6.74e-06) [1.53e-05:3.64e05]

MWIRT] 18 of 29 Avg. 1.386e+04 (7626) [1.164e+04:4.44e+04]

Rg [Angstrom]
. e

Baseline
corrected

Data -‘ ' " i)
(frames 50-110) | SRS [ |

Guinier
Rg plot Approx. MW plot Residuals Cancel

ime range for Rg plot: 60 ¥ Lockrange Replot

ploteden sion: 5e-0 v gmax*Rg limit:

Avg. 29 curves gmax* Rg 0.830 [0.688:1.069] Rg 16.7 (1.8) [13 8:21.5] 10 1.61e-05 :s 04e-06) [7.01e-06:3.3%-05]
MWIRT] Avg. 1.284e+04 (631.8) [1.16e+04:1.413e+04]
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pillary fouling removal: scaling

¥ i Original data
% | (@<02A)
n scaling to MAX
. s R NN A value in the
ARV ot I LS range of [45-65]

BL-corrected data
(< 0.2A")
scaling to MAX
value in the range
of [45-695]

e B KW i o
4 u]'r..‘.'. Eiheh

Time [a.u.]
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CEWENS

nacromolecules
ation, excellent, you should probably be ok
global Gaussian decomposition will use all

separation, be very careful and you should
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-SOMO / HPLC-SAXS / 3D View

-

m

ile Color Font

=@erna | Bal A

g 2l LA AA AR

&

7 Ortho
(Use Ctrl-Alt-Shift-LefiBin-Wheel or keyboflrd) _| Legend

7 Autoscale

7 Mouse

|

Shading

Normals

-

: Polygon Offset Resolution
Std | '-:'..i-"-'""'-.?| By | | | | | I | | | | | | | | | | 1 I I I | I I I I

| = |

US-SOMO: SAXS Hplc: Gaussians : 123456 0.2.6 | Cells 0 (0x0) | Angles (20 ,0,227) | Shifts (0.05 ,0) | Scales (1 ,1,10)| .
Savelyev, Alexey - US-SOMO- SLAC Workshop— 28-30 Mar 2016 '




O [ HPLC-SAXS / Concentration curve

SOMO: SAXS Hplc

us

Data files

R R e S L

M 2 e o P il e 2 e 2L P 2 T e 2 T m e e e R T
s e el e T e T e e e e S P Tt
e e ey T L e T o s o e ey Rt Tt ]

ot et et SN ARt S R S S g L S

SaaigE e

1
1
1
]

-
1
1
]

=
1
1
]

-
1
1
]

a
1
1
]

il
1
'
]
]

A AT oA AT A AT Gl R

Remowve files

lines/

an/HPLC SAXS/BSA
8
t g0 _179388-bl0_0017899825-0_50452151s

0 176474

C

777-0_64046811s

5
95

T

To SOMO/SAS

L=

Concentration detector

Chi

fhomefultras
G

(110}
IMake 1L

Concentrations
2

64-bI0 00119470

an/HPLC SAXS/BSA/l t/Bas

1 of 2 files selected

SA 20 HPLC

BSA 20 280 _frame-r|

BSA 20 280 frame

SA 2[::28[: frame

Sifilan
t g0 _179137-bl0_00O0D
q
g0 1796
q0 179892-bl-0 O
-rpd_27530448
o -rpd_27530448 ts10 9
2 of 701 files sel
Select all
SEC coneeREatanfile
Produced Data
fhomefultrasc
-rpd_ 27530448
-rp0_ 27530448 ts10 9

BSA 20 280 frame-r
BSA 20 280 frame

B
B

Save CSV

q (1/Angstrom) or Time or Frame

n 5
179.370730

Ca

Residuals
8.031655

Timeshift on

3 5490018 = |

i 24s5-rp

17 5

It g0 _0070569-b10_11

)_HPLC

20

=
ui
o

SEVE

125.191309

e baseline

=

RIS 13.413 357 [694 [ Make restlz cirves | o prodiced deta
W

Easelne

Savelyev, Alexey - US-SOMO- SLAC Workshop— 28-30 Mar 2016

Global gaussians ¥ SD W Eq width
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5|
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9 writt
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frame-rp

80_frame-rp0
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O [ HPLC-SAXS / Concentration curve

SOMO: SAXS Hplc

us

Data files

R R e S L

e e e e T et T e
B E S Ry

et S R S

e 2 e o P 2l o 2 e LS P 2 e 2 T m e e e T T
ey e e e T L e Tl o s o e sy e Tt ]

e e e R L i
e e | e e

1
1
1
]

-
1
1
]

=
1
1

-
1
1
]

a
1
1
]

il
1
'
i

e R e S e O
e P i e T i ] b
] R R s ol

EL

Bemowe il

Makel(a)

ondetecton
pD 27530448 ts10 9
Produced Data

fultrascan/HPLC SAXS/BSA/SI t'Baselin

fhom
BSA 20 280 frame-r

an/HPLC SAXS/BSA

sfGaussians/

0 176474

25777-0 64046811s
a5

ed

T SEMOEAS

Concentat

Chi

GEALEEHORE

Make 1L

fhomefultras:
G
I=

Earn

4-bl-0 00119470

B E
179892-bl-0 0008
27530448
27530448 ts10 9
Similar
27530448
27530448 ts10 9

1 of 2 files sgl-':::ted

1 of 701 files sel

Sifilan
0 179137-bl0 000

-rp0
-rp0
-rpl
-rpl

q 8
t q0_179388-bI0_0017899825-0 50452151s

L q0 179¢

t g0

SA 20 280 frame

T

BSA 20 280 frame-r|

prdifiles
SA 20 HPLC

BSA 20 280 _frame-r|

BSA 20 280 frame

BSA 20 280 frame

SR CONGEENEEL O e
2

STEoGET

MG ZE:

[yl

Hemove

Similar:

q (1/Angstrom) or Time or Frame

Showeanly

Cancel

Residuals
8.031655

Tlmﬂs_h [T ar

[ =

tal 5.4

to

» width 9.9

| =

124.995988

. Make result curves | To produced data

width 8.

=
bz

f6.702

height 1

RM5E] 26.314

SD ¥ Eqwidth

Globaligeussians |

GompUEend suhbracEasene

Select Visible| Remove Vis Grop Vis |l Grop Zefos || Grap! Left CropiRight || Legend
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W Computations

r RI signals to concentration
ants
S to concentration curve

f a specific species, so each Gaussian could
Inction coefficient and psv

[(0) of a standard (reference) scatterer (a.u.)
» theoretical value of 7(0) for the standard scatterer (cm™1)

exp(0) is experimental 7(0) (a.u.) Tps(0) = Iexpj(ﬂ)dgﬁ)‘i(o) (cm~1)

c concentration (mg/cm?)
* R, 1s the diffusion length of the electron (cm)

* Z 1s avg number of electrons per atom, 4 1s avg # of nucleons
* m, 1s the mass of a nucleon (g)

: . s (0) N
* v, 1s psv (cm*/g) [7(0) = IO‘EGRE[%i)—’i 10202 (Da)

* p, is solvent e density (e/A%)
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Computations

r Gaussian derived or general I(q))

or RI curves

* R, the diffusion length of the electron (cm)

= Z/A avg number of electrons per avg # of nucleons
* m, the mass of a nucleon (g)

* Entered in “SAS curve options”
* p, solvent e density (e/A?)
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OMO / HPLC-SAXS / Make 1(q)

~. US-S0MO: SAXS HPLC : Make I{q)

US-SOMO: SAXS HPLC : Make I(q)

¥ Resulting I{q) created as a percent of the original I{q) ({ if unchecked, 1{q) will be created from the Gaussians )
¥ Create sum of peaks curves

[T Compute standard deviations as a difference between the sum of Gaussians and original I{qg)

¥ 10 standard experimental value (a.u.) : | 5.4E-5

Concentrations will be computed and will be written along with PSVs to the output l{q) curves
Gaussian Extinction coefficient {(ml mg™-1 cm™-1) Partial specific volume (miljg)

1 .65 I33

2 65 733

3 65 733

Help I Quit Make I(q} without Gaussians Continue
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>OMO / HPLC-SAXS / BSA

US-SOMO: SAXS Hplc

o .

fhomefultrascan/HPLC SAXS/BSA/ t/Baselines

I Cock

BSA 20 HF'LC

1]

BSA_20_HPLC_|
BSA 20 _HPLC_|
BSA 20 HPLC_|
BSA 20 HPLC |
BSA 20 HPLC_|
BSA 20 HPLC |
BSA 20 HPLC_|
BSA 20 HPLC |

It g0_00554471-bl0_2693468-25 2002645
It_q0_00579674-bl0_2359007-24_113539s
It_q0_D0604877-bI0_21470894-21_894174s
It q0_00630081-bl0_19764286-20 0582695
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[ HPLC-SAXS / BSA
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Original Frame #70
. Sum of Gaussian peaks

Gaussian peak #2
Gaussian peak #1
Gaussain peak #3

10
= 0.00 | 0.:31 ' 0.02 | 0.:)3 ' 0.04 ' 0.:)5 | 0.:36 | 0.07 | 0.I08 ' 0.69 | 0.10

Frame, G-Pk c,mgml?  [<R>TEA %‘,@ mol™ gmin A' gmax A' Fit St.Er®

Frame #70, onginal 0.090 467 +08 183,277+ 2,200 0.010081  0.028227  0.0436

Frame #70, bas. sub.  0.090 410+29 145,755+ 3,068 0.010081  0.019911 0.0435

Frame #70, G-pk#1 0.022 502+10 177,944 + 2,728 0.007813  0.028227  0.0657

Frame #70 Gk #7 0 0AQ 05+17 124905+ 1R6R N NINRR N NDT7723 0 NA03
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O / HPLC-SAXS / BSA

[ER =] A <M=, gmol’ gmin. A' gmax. A" Fit St. Er®
16.7 = 0.8 183.277+2.200  0.010081  0.028227  0.0436
-29 145755 +3.068  0.010081  0.019911  0.0435
m 1.0 177944 +2.728  0.007813  0.028227  0.0657
ml.z 134205+ 1.868  0.010333  0.027723  0.0493
192=45  235472+10.578 0.012350 0.021171  0.0768
27428 177.003 6,093  0.010081  0.024447  0.1054
2 #50. G-pk #1 529+28 172.525+5959  0.010081  0.024447  0.1057
Frame #81. original ~ 0.173 41706 152,101 =1.415  0.014366  0.031000  0.0284
Frame #81, bas. sub.  0.173 403 =06 137.953 £ 954 0.010081  0.028227  0.0250
Frame #81. G-pk#2  0.160 39.0=1.7 138,192 2,440  0.014366  0.024447  0.0319
Frame #125. original ~ 1.008 28.1+0.3 77.147 £ 257 0.014618  0.031504  0.0098
Frame #125. bas. sub.  1.008 272+04 75,189 + 247 0.010081  0.028227  0.0116
Frame #125. G-pk#3  0.982 269=0.3 76,557 + 274 0.014618  0.031504  0.0106
N 2es.d?> |

Fit St. Er. = X DOF
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S-SOMO: HPLC-SAXS

dinali B, Profumo A., Vachette P & Rocco M. (2013) Fibrinogen
HPLC-SAXS data processing within the UltraScan Solution
O) enhanced SAS module. J. Appl. Cryst. 46, 1823-1833
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