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0 Introduction

a This document d escribes MOLASS! 'l a program intended to make easier the following
basic analysi s of data from SEC-SAXS (HPLC ) experiments at KEK -PF.
1. Guinier Analysis
2. Extrapolation to infinite dilution

b  Supported platformis Windows 64bit only.

c Ifthe ATSAS program suite is available, it also uses AUTORG, ALMERGE and DATGNOM
in the analysi s in order to enable users to contrast and validate the results.

d If you use results of this program, please cite: hitps://doi.org/10.2142/biophysico.bppb -
v20.0001.

1 Installation
a Download and unzip a latest zipped distribution file from KEK download site .

2 Introductory Procedure

a Easiest usage is summarized here to give a quick idea of whatitis. If you need any deviation
from these basics or would like to know the reasons behind , please consult detailed
description in Chapter 7.

b  X-ray scattering data in the input folder are assumed to be pre-processed using SAngler (or
other equivalent programs) in the following two steps. See Chapter 4 for their detailed
requirements.

1. Circular Averaging
2. Background S ubtraction

¢ The name of a UV absorbancedataf i | e, naéb\uixtdorleesdp@ ct r placadint 6 ,

the same folder is automatically recognized and filled in the entry. 2

d To follow the steps below, users can use a n example set of data from the download site .

e Ifyou areto use itin the easiest way, proceed as follows.
1. Runthe dmolass.exedin the installed folder.
2. Specify th e input/output folders in the Main D ialog. (Fig. 2-1)
3. Presso Analysisstart 6 b u totproceed further.
4. 1 f you do this wi t hbuttorheeckefl, thé dtapdard steps desctibedcin
the next C hapter 3 will be performed automatically with default parameters or options.
5. Analysis r esults will be available in an excel book in the analysis result folder.
f  See Chapter 5 to understand information in the result book.

g Thatis all for the easiest usage.

1 We renamed the program from SerialAnalyzer to MOLASS I Matrix -based Optimization with Low rank
factorization for Automated analysis of SEC SAXS ‘| in order to better imply its character afteri  t has been
changed significantly over years of groping started in January, 2016 .

2 Handling of those X-ray data not coupled with UV datais possible and described separately in Chapter 8.

1


https://doi.org/10.2142/biophysico.bppb-v20.0001
https://doi.org/10.2142/biophysico.bppb-v20.0001
http://pfwww.kek.jp/saxs/MOLASS.html
http://pfwww.kek.jp/saxs/MOLASS.html

Fig. 2-1 Main Dialog

( [] MOLASS 1.0.13rc1 (2023-09-22 python 3.11.4 64bit) — O X

| Folder Settings SEC Tools DENSS Tools Tutorials References Development

Kray Scattering Data Folder: |D:nyTqu5fDatafsample_data J File Ext.:

UV Absorbance Data Folder: |D:nyTqu5fDatafsample_data J File Name: ‘SAMPLE_UVZBO_m.bd J
[” disable UV data

Beamline: [PF BL-10C |

Conc. Factors: Absorbance(A=280) = Path Length Factor(| 5.000 ) + Extinction Coefficient(| 1.000 )

Analysis Result Folder: |D:/PyTools/reports J
Subfolder: |analysis-008

Book Mame: |analysis_report.xlsx

Xray Scattering Data Files Refresh | D V'lewl Data Range | Rank Vlewl Baselinel

exclude

Fl|r- Namr— Last Modified

SAMPLE 00162 sub.dat 2019-08-21 13:45:42
SAMPLE_00183_sub.dat 2019-08-21 13:45:42
d 3 SAMPLE_00184_sub.dat 2019-08-21 13:45:42
* UVatwavelength=280 § ) SAMPLE 00185 _sub.dat 2019-08-21 13:45:42
Riala e 5 SAMPLE_00186_sub.dat 2019-08-21 13:45:42
i SAMPLE_00187_sub.dat 2019-08-21 13:45:42
SAMPLE_00188_sub.dat 2019-08-21 13:45:42
SAMPLE_00189_sub.dat 2019-08-21 13:45:42
SAMPLE_00190_sub.dat 2019-08-21 13:45:42
e e o SAMPLE_00191_sub.dat 2019-08-21 13:45:42 I
: SAMPLE_00192_sub.dat 2019-08-21 13:45:42
SAMPLE_00193_sub.dat 2019-08-21 13:45:42
SAMPLE_00194_sub.dat 2019-08-21 13:45:42
SAMPLE 00195 sub.dat 2019-08-21 13:45:42
Hl 1' F' SAMPLE_00196_sub.dat 2019-08-21 13:45:42
N |‘| SAMPLE_00197_sub.dat 2019-08-21 13:45:42
' [ SAMPLE_00198_sub.dat 2019-08-21 13:45:42
O SAMPLE_00199_sub.dat 2019-08-21 13:45:42
AL SAMPLE_00200_sub.dat 2019-08-21 13:45:42
CARANIC Anwnd midds Aad WO NG T A AT AT

Press [P Analysis start] or click to select.

W Exit | P Analysis start | [T fully automatic

3 Standard Procedure
31 Basic Steps

a Thefollowingarethe basicst eps aut omatically per Amalysimstatt 6wh e n
butonwi t h of ul I y autiotheaabdventain didiog ¢Hige2dl).
b  You should follow t hese steps manually unless you choose of ul | fHera ist o mat

described only how to manipulate. See Chapter 7 for details and reasons.)

1. Just after 0 Analysisstart 6 b u préss, the Mapping D ialog (Fig. 3-1) will appear.

2. Inthe dialog, there are three figures which show the elution curves of , from left to
right, UV absorbance data, X -ray scattering data and the overlay 3 of those two.

3 UV elution curve in this figure  has been locally scaled to make it possible to compare. See Section 7.2 for details.

2



Fig. 3-1 Mapping Dialog

[ Elution Mapping Confirmation — (m} X

Mapping status between UV and Xray elutions from D:/PyTools/Data/sample_data

(a) Elution from UV absorbance at A=280 (b) Elution from Xray scattering around q=0.02 (c) Mapped elutions (Xray scattering scale)
.
0.05 0.05
olo
0.04 0.04
0.08
0.03 0.03
0.06 .
0.02 0.02
0.04
0.01 001
0.02
0.00
0.00
0.00
200 300 400 500 600 700 100 150 200 250 300 350 100 150 200 250 300 350
@A &P "I’ Q= 3DView | Investigate Comection Show Uniformly Scaled Curves Show difference
Hide Options
UV Absorbance Baseline Adjustment Xray Scattering Baseline Adjustment Mapping Precision Measure
" No correction to input data " No correction to input data Initial nRMSD=0.17731
¢ Correction to input data (¥ Correction ta input data with methad option: Current nRMSD=0.17731
using LPM { & linear " LRE € integral } baseline 7 with BPA using LPM{ @ linear ¢ integral } baseline [¥ with BPA Syncronization Options
I™ Linear adjutment by iterated optimization & automatic " manual adjust
Press Optimize | to get adjusted with the specified parameters above; Press "OK" button below when itis appropriate. Manual Adjust
M. */ Range Editor » Executs

3. At this stage, if needed4, you can further us e 0 Dec ompos tothettergontdld i t or 6
the extrapolation (LRF) process.| n t hat case, the oODecmstgadbsi ti o
will be colore d green (Fig. 3-2) after you have applied decomposition, suggesting that the
decomposition result be used thereafter. See the next section 3.2 for such control.

4 In the ofully aatesampadsiiios step maind® Decomposi tion Ed
performed depending on the data condition . Itis performed, currently, when some of the
peaks are suspected of multi -component, judging from the following conditions.

n  There exists a peak with SCI 5 less than 80.
o Or, there exists a significant ¢ overlapping between adjacent peaks.
This decomposition is not necessary when these conditions are not met .

5. Looking at the figures in this d ialog, confirm the elution mapping adequacy between the
UV absorbance data and the X-ray scattering data.

6. For reference, t he program shows its rough judgement of the adequacy in the guide
message box at the lower part .

7. If the mapping is acceptable, proceed by pressing 0 Execute6 button , which executes
the following steps .

n  Baseline correction of X -ray data

°©  Guinier Analysis of all scattering curves

4 This decomposition step is required when the peaks seem to include multiple components.
5 Single Component Indicator. See Section 7.2.2 for its definition.

6 1t is judged significant if the peaks have some overlapping in their feet above 5% in height against their peak tops,
measure by modeled elution curves.
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9.

o}

Wait several minutes until the states in the Progress Dialog (

Extrapolation to infinite dilution

Fig. 3-3) ar e

When finished, results are available in the output folder as stated in the progress log.

Fig. 3-2 Mapping Dialog after the decompasition

&:ﬂ Elution Mapping Confirmation

Mapping status between UV and Xray elutions from D:/PyTools/Data/sample_data

- (m] x

(a) Elution from UV absorbance at A=280 (b)  Elution from Xray scattering around q=0.02 (c) Mapped elutions (Xray scattering scale)
.
0.05 0.05
.10
0.04 0.04
0.08
0.03 003
0.06 .
0.02 0.02
0.04
0.01 001
0.02
0.00
0.00 oo0
200 300 400 500 600 700 100 150 200 250 300 350 100 150 200 250 300 350

a2 baQz=A

3DView |  Investigate Correction

Hide Options

o Main

UV Absorbance Baseline Adjustment Xray Scattering Baseline Adjustment

" No correction to input data " No correction to input data
& Correction to input data & Correction to input data with method option:
using LPM { & linear © LRF " integral } baseline [ with BPA using LPM{ @ linear (" integral } baseline [ with BPA

I™ Linear adjutment by iterated optimization
Press Optimize | to get adjusted with the specified parameters above; Press "OK" button below when it is appropriate.

The mapping seems fairly goo

7 Range Editor

e can proceed by pressing [ Execute]

Fig. 3-3 Progress Dialog when itis finished

| L:ﬂ Execution Progress

180 books merge done.

137 Cleanup done.
237 Finished.

| Input/ OQutput  Xray Scattering Data  D:/PyTools/Data/sample_data
| UV Absorbance Data  Di/PyTools/Data/sample_data/SAMPLE_UV280_01.txt
| Result Book D:/PyTools/reports/analysis-001/analysis_report.xlsx
Progress stage bar time todo
Baseline Correction _ o4 10
Guinier Analysis MMM O s =
Extrapolaticn I ¢ s 2
cumulative time 2" 297
Execution Log
09:18:33 3rd peak asc-side atsas result: Rg=24.4836 1(0)=0.0302382
09:18:33 3rd peak asc-side rg re-estimation done with extrapolated Rg=23.9
09:18:33 3rd peak asc-side book done.
09:18:38 3rd peak asc-side atsas book dane.
09:15:35 extrapolation start for the 2nd peak ad(1) W|th range [234, 247]
09:18:38 Guinier houndary is assumed at Q[157]1=0.087
| 09:18:38 3rd peak desc-side extrapolation done.
| 09:18:45 3rd peak desc-side atsas result: Re=23.5933 1(0)=0.0295364
| 09:15:45 3rd peak desc-side rg re-estination done with extrapolated Rg=23.7
| 09:18:45 3rd peak desc-side book done.
09:18:50 3rd peak desc-side atsas book done.
09:16:30 3rd peak overlay book done.
09:18:580 D:/Py¥Tools/reports/analysis-001 faveraged has been removed.
DS:}S:ED summary hook done.
18
19
19
19

237 The report has been saved to

QK

(80 Cleanup started. This may take some time (not more than a few minutes).

'D:/PyTools/reparts/analysis-001/analvsis_|

Show Unifermly Scaled Curves

Show difference.

Mapping Precision Measure
Initial nRMSD=0.17731
Current nRMSD=0.17731

Syncronization Options

& automatic

done state
10 one

bt done

LE23 done

report cxlsx’

€ manual adjus

Please he patient.

Manual Adjust




32 Decomposition Procedur e
a You can do without this procedure if you are confident that you have acquired data consisting
only of single component peaks.
b  However, in general, such lucky situations are not always expected, and you may get peaks

unclearly separated as shown in the next figure.

Fig. 3-4 Example of peak s incompletely separated

| Elution Mapping Confirmation N o X

Mapping status between UV and Xray elutions from D:/PyTools/Data/20170307 /Backsub

(a) Elution from UV absorbance at A=280 (b) Elution from Xray scattering around q=0.02 (c) Mapped elutions (Xray scattering scale)
.
010
0.025 0.025
0.08
0.020 0.020
0.06
0.015 0.015
0.04
0010 ¥ 0.010
0.02
0.005 0.005
0.00
0.000 0.000
0.02
300 400 500 600 700 800 150 200 250 300 350 400 150 200 250 300 350 400 |
A 45 o*o Q= 3DView |  Investigate Correction Show Uniformly Scaled Curves Show difference
|
Hide Options
UV Absorbance Baseline Adjustment Xray Scattering Baseline Adjustment Mapping Precision Measure |
" No comrection to input data @ No correction to input data Initial nRMSD=0.21449
@ Correction to input data " Correction to input data with methad option: Current nRMSD=0.21449
using LPM { & linear € LRF (" integral } baseline ¥ with BPA using LPM { € finear € integral ] baseline W with BPA S Cxtan
™ Linear adjutment by iterated optimization & automatic € manual adjus

Press Optimize | to get adjusted with the specified parameters above; Press "OK" button below when it is appropriate. Manual Adjust

4 Main '/ Range Editor Decomposition Editor » Exccute
|

¢ In such situations, decomposition of the total elution curve is required to make available
elementary elution curves each of which separately represent s the concentration of its
component.

d Proceed to 0 Decomposi t iby presdindg ithe duttdn to confirm (and modify) the
decomposition attained by the program 6 algorithm.

e You can decompose the elution curve s, extracted from both of X -ray and UV data, using

elution curve models (EMG 7 or EGH 8) as shown in Fig. 3-5 and Fig. 3-6 below.

7 Exponentially Modified Gaussian model.
8 Exponential -Gaussian Hybrid model



Fig. 3-5 Decomposition Editor showing decomposition of X -ray elution curve

L. | Decomposition Editor - [m] X
Decomposition Specification for D:/PyTools/.../20170307/Backsub using EMG
y = m Number of Rangels)
Xray elution d = 9
m ction decompostion | | ||| B Q= Figure PeakNo  ElementCurve(s)  Ranges  Rangeld Fom To Ignore
data
[£) - = element | 3 3
0.025 [:% element 2 1-1 181 3] | 195 3 J
== model total 1 | 2 3 _ N r
12 195 & [ 23 4 J
0.020
0.015 ‘ ';
0.010
21 24 4 [ 25 4 J
2 2 4 r
22 255 4 | 283 3 J
0.005
0.000 BT P bl s o
residual
0.0025
0.0000 WW
~0.0025
150 200 250 300 350 400
Show UV decomposition fit_error=0.138 Defaults Show Parometer Constraints |
I Global Fitting [ Automatic Rank Control Reset from Log
Change Medel Conc. D El Preview
Global Inspector o o]
Showing dats processed with UV data correction: linear, Xray data correction: no comrection
A -

Fig. 3-6 Decomposition Editor showing decomposition of UV elution curve

'_:_.‘ Decomposition Editor

UV clution decomposition | & =3 'i’ Q = X=4187  y=0003332

0.12 — data
-« element |

010 element 2
= = model total

residual
0.01
000 ———E——
0.01
150 200 250 300 350 400
Show Xray decomposition fit_error=0.272
Change Model
”
-

00Kd6 if it

introduced in the previous section.

f Press

g This procedure described here above is the default course of action when you

ofully automaticé

Decomposition Specification for D:/PyTools/.../20170307/Backsub using EMG

Number of Rangels)
Figure Peak No  Element Curve(s) Ranges  Rangeld From  To Ignore
11 181 3 | 1es 3 J
. W e -
12 195 & [ 23 4 J
\
\ ENE
\ 21 234 3 | 255 3 J
\ -
2 2 4
\ 4 22 255 4 | 283 3 J .
\ 5 3 .
\
.,
R
Defaults Show Parameter Constraints ‘

Reset from Log
Cancel
i s saaudack toahe IMapping Dhaloge (hFigl 213 d

have chosen

in the main dialog.

h  SeeSection 7.4 for, non -default, advanced (or manual) usage of this editor.



4 Input Data

41 Xor aScattering Dat a

a X-ray scattering data are assumed to be pre-processed using SAngler (or other equivalent
programs) in the following steps.
1. Circular Averaging
2. Background Subtraction

b As a data set from a respective experiment, they should be placed in one folder with file

names suffixed by consecutive num bers as shown below.
Fig. 4-1 Input folder containing X-ray scattering data files

| ¥ = | sample_data - ] s
=Ly =5 T [7]
« v 4 « PyTools » Data » sample_data v | O mple_ DiesE ¥
~

B0 EFHEE L] #4147 ~
= SAMPLE_00000_sub.dat
[Z SAMPLE_00001_sub.dat
5 SAMPLE_00002_sub.dat
=l SAMPLE_00003 _sub.dat
[E| SAMPLE_00004_sub.dat ¢
[El SAMPLE_00005_sub.dat 71KB
[Z] SAMPLE_ 00006 _sub.dat 71KB
=l SAMPLE_00007_sub.dat 71KB
[Z| SAMPLE_00006_sub.dat 71KB
[Zl SAMPLE_00009_sub.dat 71KB
[Z SAMPLE_00010_sub.dat 71KB
[Z| SAMPLE_00011_sub.dat 71KB
[El SAMPLE_00012_sub.dat 71KB v
2 EOEE 1 EOESEER 104K8 =

The suffix numbers identify the corresponding elution point  s.

The file format of an X -ray scattering data file is shown below in Fig. 4-2, which include s
comment lines followed by data lines with tab -separated three columns of scattering vector
length, int ensity and estimated error

Fig. 4-2 File format of an X-ray scattering data file

m F:¥PyTools¥Data¥sample_data¥SAMPLE_00000_sub.dat - sakura 2.2.0.1 — O *
JrE \EE FBRO ®BIF9 VD BFEOQ MYEIW ALTH
O EHid | | Ge @ & 35 & o “u| i T W[ By
T T - T - T . T - T T
Date: 2077702709 21:53:04« ~

1

2 [# Type: Subtracte

3% anizs OQutputType: @ [4-1]%

4 PEV: Nones

5 i BackgroundFile: Z:¥user¥fonezawa¥?0170209¥04GTIwyat t 02¥CI rhve¥0AGTwyat t0
B [t Backzround Multi: 1.000<

T SampleFile: Z:¥user¥Yonezawa¥20170209%08GIwyat tOZ¥CT rhve¥0lGIvyat t02_00
8 [t Sample Conc:l.000«

9 it Sample Multiz1.000«

0=

1| T{Output) = ¢ I(Sampled * 1 3 - { I{Background) * 1 )<

2 deignalSanple) = { Signa(Sanple) ¥ 1 )72«

3 dSizmalBackeround) = { SigmaiBackeround) * 1 172«

A4 Sienallutput) = ( dSigma(Sannlel) + dSiemalBackeround) )7 (1/2)+«
5

[

o

0.0069258823865002970.002100478076386  0.00453170927159959 <

17 [0.00745864202795572°-0.002086605250634" 0.00846244533083821 <

18 |0.00799140154756413°-0.00627246422275798"  0.00547423623850394«
19 |0.00852416093829537"-0.00183867268767801"  0.0043423559014834«
20 (0.0080565201911353° -0.00248817818361602°  0.00389659828657221 «

0.009589679297465787-0.0005714041597148004"  0.00276865616650798 <
0.01012243682486667" 0.0005880408597676008"  0.00348282438022652 +

0.0106551970361258" 0.000169661539178008°  0.00310129463131615«
2400 N111RIGRRRRIZ1AAY N NNP2ARATRRIA] AN NNDISR1GTIORAAT o

1< >

0 e BLS uudecod Basefd| UTF-7- UTF-8-  |Unicode EUG—3 E-Maill E&¥)
1447 1§ CRLF 23 sis =mA

v




42 UVAbsorbance

Dat a

UV absorbance data are used to evaluate the concentration of each elution points.

b  They should be given as text files with 0 .

t xt 6 & either im sne @lemor in

containing a set of multiple files

¢ In the one-file style (which is recommended), the file is automatically recognized by the

program if the file is placed in the same folder .

one folder

d The file format in one -file style is shown in Fig. 4-3, which include comment lines followed

by data lines with multiple columns

e The first line of data lines is a header line with numbered column names, which identify

elution point s.

f  The number of elution points, or the density of measurements,
that of the corresponding X-ray scattering data, is not required to match to the latter .
g Thefirst column includes wavelengths, which usually vary about from 200 nm to 450 nm.

h Indatalines, columns other than the first

column include absorbance values.

Fig. 4-3 File format of a UV absorbance data file (one -file style)

O & ied

Pl iionns

¥ Fi¥PyTools¥Data¥sample_data¥SAMPLE_LV.txt - sakura 2.2.0.1 — O *
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5 Output Results
a Analysis results are produced to an Excel book and other text files in the specified folder,

which are described below in this chapter.

51 Anal Res Blbbk
5.1.1 Guinier Analysis Result
SeeFig. 5-1 for overview of an example.
b It is provided in a sheet containing five charts , which show each variation during the
experiment of the following quantities
Concentration
Quality
1(0)
I(0)/Concentration
Rg

Green lines indicating the intervals for further analyses are overlaid on the charts .

a kw0 DdPE

Fig. 5-1 shows two peaks with overlaid interval lines, which  will be the input of extrapolation
to zero-concentration analysis described later .

e Sequential numbers starting from zero on the horizontal axes identify each elution point.

f  Data quality evaluation shown with vertical bars is computed as a weighted sum of the five
factors listed in Tab. 5-1. (See also the note below.)

g ATSAS AUTORG quality evaluation , if available, is contrasted with a red line.

h  Other analysis results (namely, I(0), I(0)/Conc., Rg) from AutoGuinier are shown in a line
with steel blue markers, which are only reliable when the corresponding quality score is
sufficiently high (> 0.5).

Corresponding r esults from ATSAS AUTORG are shown in a line  with orange markers and

the values have been set to zeros there if the program do es not produce results.

N ote on the quality of Guinier Analysis and the qRg < 1.3 convention

The program strictly keeps t he well -established qRg < 1.3 restriction for well -conditioned data.
However, when the 0basi c tipsta bhtainpdssibly bettér BRgvalues by a n
loosening the restriction to gRg < 1.6, 1.8 or 2.3 depending on the worsening of the quality

Users should be aware of this violation and be warned not to use the result  ed values separately

ignoring the attached qualit ies.




Tab. 5-1 Data Quality Factors

No | Factor Name Value Range

Weight

Formula

Description

1 | basic quality 001

0.2

Aop® p

Indicates smoothness or noiselessness of the scattering curve . Computed, as shown by
the formula, from the monotonicity of the small -angle region (roughly determined as
the 1/8-th of the whole region) . Expected greater if the data seem less noisy . The
scaling, 0.5 in the formula, has been chosen to better demonstrate the quality

differences that we are interested in.

2 | positive score 001

0.2

x A E CiE O 6

While intensity values should be positive, data may contain negative values , which is

not desirable . This score indicates the desirability of the data in this sense.  Weights
are chosen linearly to satisfy B x A E C EpQ@ing greater for the smaller -angle region,
using the slope from the 95 and 5 percentile value s. It is 1 if the data contain no

negative value and zero if about half of the data are negative, considering weights

3 | 2 stdev score 0061

0.2

2 OOAAO
Agbpn ————

Indicates the conditional reliability of estimated value of 2 , assuming the

appropriate determination of the Guinier interval. Computed, as shown by the
formula, from the 2 stdev propagated from the slope error of the linear regression in
the Guinier plot. Itis greaterifthe 2 stdev issmaller. The scaling, 10 in the formula,
has been adjusted from hundreds of profiles, including bad quality ones, from more

than 50 experiments .

4 | left k2 score 081

0.2

The right end of Guinier interval is bounded by the convention al constraint that

N2 p®, which comes from ensuring the accuracy of the T aylor expansion, while

the left end selection depends on the linearity of the  scattering curve in the lowest Q

region. This score is intended to indicate the latter difference. It is multiplied by the

basic quality to avoid accidentally getting unfairly high scores in low quality cases

end
5 001
consistency

0.2

1 A2EO
OEQEC

AgDcm AAQ

This score evalu ates the linearity of the curve in the Guinier interval

both

, in another way,

from the ratio between 2 6s at ends of the inter

scaling, 20 in the formula, has been adjusted in the same way asin 2 stdev score. It

is greater if the 2 & at both ends of the Guinier interval is  closer.

10




Fig. 5-1 Guinier Analysis Result
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5.1.2 Extrapol aResual ( LRF)
a Al though it i s called OExtrapolationd6 to infir
computation is implemented as a kind of LRF - Low Rank Factorization - explained briefly
below.
b Result is provided in several sheets for each (ascending or descending) side of the peaks.
See Fig. 5-2 and Fig. 5-3 for examples of those sheets.
In each sheet, three charts at top are intended to show the variations of concentration,
estimated Rgdés and |1 (0)/c during the extrapol ati
e Inthe two charts at center and right, namely, Rg extrapolated and I(0)/c extrapolated charts,
green lines sh ow the estimated values from inp ut data, while orange lines show those from
re-constructed (or extrapolated) data.
f  The process of extrapolation to infinite dilution is summarized below. See also Section 7.6.4
for the preview of this result
1. Suppose you have a measured data set of X -ray intensity and a corresponding elution
curve as follows.

- % -8 E -
- .. E .

. f f f )

Measured data set: & & § & (5-1)
- F - F B - h

Elutoncurve: # # # E # (5-2)

2. Also suppose you have selected an elution range 51-70 for the extrapolation purpose,

which means that you are to solve the following equation (rank 1 formulation) .

. # # E # kO (5-3)
- h - h

3. In cases of unignorable interparticle effects, the equation can be modified as follows
(rank 2 formulation) by approximat ing the effects .10

. . E o ' : # # E #
éb éb é éh € € # # E # k03 (5-4)
- h - R E - ! "
4. Represent either of the above equation s using matrices as follows .
- 0 (5-5)
5. Or, more realistically using Frobenius norm,
Find O which minimizes A3 - & (5-6)

10 In the formulation, the quadratic relation between 1(q) and concentration is based on the formula (2.13) in the
classical book[2] by Feigin and Svergun, 1987 , ignoring the concentration dependence of 0 i)  which is considered
hard to handle properly .

12



6. Itiswell knownthaty ou can getan approximate solution of the above problem as follows
using Moore -Penrose inverse. 11
0o - (5-7)

The following description includes both cases where interparticle effects are ignorable or
unignorable. Note that B[ijor " 1 are not computed and do not exist in ignorable cases.
Parameters A[i] and BJi], interpreted as  functions of the scattering vector length Q, are
shown in charts at the center and bottom of the sheet respectively.
1 k! E
"1 k" E

As the chart titles say, the meaning of the functions A(q) and B(q) are, respectively,

(5-8)

1. scattering i ntensity without inter -particle effects ,

2. inter -particle effects.

The colors of these (in a sense, separated) curves are shown in red and blue for the ascending
and descending sides respectively so that they can be easily identified in the overlaid charts,
which are provided in another sheet. ( Fig. 5-4)

As for the separated curves, ATSAS ALMERGE produces only an A(q) curve for each side,
which is shown, scaled 12 to match the above A(Q), if available, in gray at the center of its
respective sheet. (Fig. 5-2, Fig. 5-3)

In the chart of curve A(q), vertical lines indicate boundaries where the curve construction
policy changes between the small and wide -angle regions.

For results in unignorable inter -particle effects cases seeFig. 5-5, Fig. 5-6 and Fig. 5-7 which

correspond respectively Fig. 5-2, Fig. 5-3 and Fig. 5-4 in ignorable cases.

11 SeeR.

P e nr o s[H fosa gpnaral @urpose solution.

12 The extrapolated curve from ALMERGE is not normalized by concentration. It is scaled to match our result which
is concentration -normalized.
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Fig. 5-2

Zero-concentration Analysis result for an ascending side of a peak
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Fig. 5-3 Zero-concentration Analysis result for a descending side of a peak
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Fig. 5-4 Overlaid charts of both sides of a peak
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Fig. 5-5 Zero-concentration Analysis result for an ascending side of a peak

5-6 Zero-concentration Analysis result for a descending side of a peak
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Fig. 5-7 Overlaid charts of both sides of a peak
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513 Analysis Summary

a Itis provided in three sheets named as follows.
1. Extrapolation Summary (Fig. 5-8)
2. Entire Summary (Fig. 5-9)
3. Summary for Publication (Fig. 5-10)

b  The extrapolation summary contains estimated values and quality information for each
ascending or descending side of peaks . The quality scores are available both in amounts and
as a chart as shown in Fig. 5-8.

¢ The entire summary contain s enough information to identify and reproduce the analysis , as
well as analysis evaluation information.

d The summary for publication contains some of the items available at this stage, which are

recommended in the SAXS publication guideline  [4].

52 Ot her Output Files
Other output files are listed in ~ Tab. 5-2.
b Files postf i x e dasadat-60 odscdat-6 are numbprefdi weéd hdéinthke 0Opk
order of elution for both cases with a single peak or multiple peaks.

c 0_cné6 postfix is added to suggesnormdlizedresult he f il e

Tab. 5-2 Other output files

No File name Description

1 | atsas/pkl_asc.dat Extrapolated curve data for the ascending side by ALMERGE

2 | atsas/pkl_dsc.dat Extrapolated curve data for the descending side by ALMERGE

3 | pkl_asc_A cn.dat Extrapolated A(q) data for the 1st peak ascending side by MOLASS
4 | pkl_dsc_A cn.dat Extrapolated A(q) data for the 1st peak descending side by MOLASS
5 | pk2_bth A _cn.dat Extrapolated A(q) data for the 2nd peak both sides by MOLASS

6 | pk3_asc_A cn.dat Extrapolated A(q) data for the 31 peak ascending side by MOLASS
7 | pk3_asc_A cn.dat Extrapolated A(q) data for the 31 peak descending side by MOLASS
8 | molass.log Analysis log from MOLASS
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Fig. 5-8 Extrapolation Summary Sheet

= - analysis_report.xlsx - Excel

JL F b AA g 7Y BB Rr MR AT Q @ELEh

R42 - Jr v
A B | c | D | E | F | G | H | | | J | K | L | M | N | o | P | [+

1 Asc-side(1) Desc-side(1) Both-sides(2) Asc-side(3) Desc-side(3)

2 |Extrapolation Range From 173 185 207 296 310

3 | To 185 199 230 310 323

4 Number of Points 13 15 24 15 14

5

6 Concentration Minimum 0.229 0.226 0.0497 0.27 0.288

7 Maximum 0.418 0.418 0.0948 0.53 0.53

8

9 Guinier Analysis Rg 359 359 344 238 237

10 Rg error 0.145 0.143 0.522 0.103 0.121

1 Rg basic quality 0.976 0.977 0.607 0.713 0.619

12 Rg quality 0.849 0.922 0.492 0.764 0.59

13 | amin 0.0125 0.0118 0.0115 0.0129 0.0143

14 gmax 0.0355 0.0362 0.0373 0.0544 0.0548

15 | gRg max 1.27 1.3 1.3 1.3 1.3

16 I(0)/C 0.15 0.149 0.0807 0.0574 0.0538

17 1(0)/C error 0.000388 0.000392 0.000785 0.000152 0.00017

18 1(0) (max C) 0.0628 0.0622 0.00765 0.0304 0.0286

19 1(0) error (max C) 0.000162 0.000164 0.0000745  0.0000806  0.0000899

20

21 P(r) Analysis Rg 35.7 35.9 33.8 23.9 239 .

22 | Rg error 0.0715 0.0707 0.171 0.0632 0.0801 Quallty Scores

23 gmin 0.0111 0.0111 0.0111 0.0111 0.0111 100.0

24 gmax 0.223 0.223 0.233 0.273 0273 90.0

25 I(0)/C 0.15 0.149 0.0802 0.0575 0.0542 80.0 |— —

26 1(0)/C error 0.000251 0.000275 0.000436 0.000112 0.000124 ég-g ) — Extranolation Ratio

27 Dmax 107 110 98.2 75.1 80.2 50.0 _. . . . ._ P )

28 200 | 1{0)/C Extrapolation StdError

29 Quality Measurement  Rg Extrapolation Linearity 1 1 1 1 1 30.0 —. . . . .— u 1{0)/C Extrapolation Linearity

30 Rg Extrapolation StdError 0 0 0 3.51E-09 0 igg — . . . g Extrapolation StdError

31| 1(0)/C Extrapolat!on Linearity 1 1 1 1 1 0.0 . ke bt tion L .

32 1(0)/C Extr_apolatl(?n StdError 5.27E-09 0 0 0 3.61E-09 S S D & & g Extrapolation Linearty

33 Extrapolation Ratio 0.452 0.46 0475 049 0.455 }-J\Q' ’L}e& v;\bq'% ,é\bz 9&

34 ey 0@,”‘" & I Qa"(‘

35 Quality Score Rg Extrapolation Linearity 20.0 20.0 20.0 20.0 20.0 A4

36 Rg Extrapolation StdError 20.0 20.0 20.0 20.0 20.0

37 1(0)/C Extrapolation Linearity 20.0 20.0 20.0 20.0 20.0

38 1(0)/C Extrapolation StdError 20.0 20.0 20.0 20.0 20.0

39 | Extrapolation Ratio 9.3 9.5 9.8 10.1 94

40 Total Score 89.32 89.49 89.8 90.1 89.39 ]

41 [~]

4 ...| Extrapolation Overlay(3) | FExtrapolation Summary | Entire Summary | Summary for Publication ©) [«] | [»
Emxer ¥ KPIESEUT1 BEPBETY BEraE | H a -——&—+ 100%
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Fig. 5-9 Entire Summary Sheet

Il MF R—h

analysis_report.xlsx - Excel

s T4 BE  FR MR AL FA4

Masatsuyo Takahashi @ [Ea

Q @ELETH

E31 - S v
A | B | o] -

1 |Category Item Name Iltem Value

2 |Input Data Xray Scattering Data Folder D:/PyTools/Data/sample_data

3 | Xray Scattering Data Shape (279, 733, 3)

4 | UV Absorbance Data Folder/File D:/PyTools/Data/sample_data/SAMPLE_UV280_01.txt

5 | UV Absorbance Data Shape (268, 555)

6

7 |Output Data Analysis Result Folder/Book D:/PyTools/reports/analysis-005/analysis_report.xlsx

8 | Averaged Data Folder D:/PyTools/reports/analysis-005/averaged

9 | Extrapolated Data Folder

10

11 |Input Data Pre-processing Number of Elution Points for Averaging 1

12

13 |Concentration Factors Path Length Factor 5.0000

14 | Extinction Coefficient 1.0000

15

16 |UV/Xr-ay Mapping Settings UV Absorbance Picking Wavelength A, (nm) 280.0

17 | UV Absorbance Baseline Wavelength A: (nm) 400.0

18 | UV Absorbance Baseline Correction linear

18 | Xray Picking Scattering Vector q (A™) 0.020

20 | Xray Scattering Baseline Correction LPM(linear)

21

22 |Zero-Concentration Analysis Settings Optimizer Formulation Matrix formulation with elution models

23 | Range Determination Policy Decomposed Elution Range

24 | Analysis Ranges [[172, 185], [185, 199]], [[206, 229]], [[295, 309], [309, 322]]

25

26 |Analysis Quality UV/Xray Mapping Adequacy

27 | Xray Scattering Baseline Fitness

28

29 |Time Info Date/Time Created 2023-09-22 11:01:05

30 Basesurface Correction 00:02

31 Guinier Analysis Execution 00:41

32 | Extrapolation Execution 00:46

33

34 |Other Info Program Version MOLASS 1.0.13rc1 (2023-09-22 python 3.11.4 64bit)

35 | Excel Version "16.0 L

36 | Logical Number of CPUs 24

37 [~

<« » ..| Extrapolation Overlay(3) | Extrapolation Summary Entire Summary Summe ... 3 : [4] | »
#ExT B &IICVTC BEFABRETT L Eetnd i g ——F——+ 100%
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Fig. 5-10 Summary for Publication Sheet

analysis_report.xlsx - Excel

Bt 74 KM Fx OBE AT Q @EELEIH

Al © Je | A Sample details v
A B [¢] D E F (4]

4 Source

5 | Uniprot ID (residues in construct)

6 | Extinction coefficient (A280nm, 0.1%(w/v)) 1.0000

7 | P.S.V, v from chemical composition (cm® g™ [

8 | Contrast, Ap (1010 cm?)

9 | Theoretical MW (Da)
10| SEC-SAXS column

11| Loading conc. (mg ml'ﬂ)
12| Injection volume (pL)
13| Flow rate (ml min™)

14 | Conc. range (mg ml'w) 0.229 - 0.418 0.226 - 0.418 0.0497 - 0.0948 0.27-0.53 0.289-0.53
15| Solvent composition

16 | Concentration method UV-Visible spectroscopy

17

18 B. SAS data collection

19 | Instrument Photon Factory, BL-10C

20 Wavelength (A)
21| Beam geometry (um)
22 | Camera length (mm)

23| Qrange (A" 0.0111-0.273

24 | Absolute scaling method Comparison with scattering from 1 mm pure H,O

25i Exposure time (sec), No. of frames ,13 .15 .24 .15 L 14
26 | Sample path length (mm) 1.00

27 | Sample temperature (K)

- To incident and transmitted intensities measured with a micro ion chamber and a beam stopper with
Normalization

28 | embedded photodiode

29 | Method for monitoring radiation damage Data frame-by-frame comparison
30

31 |C. Software employed for SAS data reduction, analysis and interpretation

32 | SAS data processing SAngler 2.1.24, MOLASS 2.0.0dev

33 | Extinction coefficient estimate

34 | Calculation of contrast and PSV values

35 | Basic analyses: (Guinier, P (r)) AutoGuinier 0.7.1 from MOLASS 2.0.0dev, datgnom (ATSAS 3.1.3)
36 | Shape modeling

37 | Atomistic modeling

38 | 3D graphic model representations

40 |D. Structural parameters
41 | Guinier Analysis

42 1(0) (cm™) 0.15+0.000388 0.149+0.000392 0.0807+0.000785  0.0574+0.000152  0.0539+0.00017
43 Ry (A) 35.9£0.145 35.9£0.143 34.4+0.522 23.8+£0.103 23.7£0.121
44 Qrange (A 0.0125 - 0.0355 0.0118 - 0.0362 0.0115 - 0.0373 0.0129 - 0.0544 0.0143 - 0.0548
45 QxR range 0.45-127 0424-13 04-13 0.307-1.3 0.339-13

46 | M from /(0) (ratio to predicted value)
47 | P(r) Analysis

48 1(0) (em™) 0.15+0.000251 0.149+0.000275 0.0802+0.000436  0.0575#0.000112  0.0542+0.000124
49 Ry (A 35.7£0.0715 35.9£0.0707 33.8+0.171 23.9£0.0632 23.9£0.0801

50 Dpmax (A) 107 110 98.2 751 80.2

51 Q range(A™) 0.0111 - 0.2226 0.0111 - 0.2226 0.0111 - 0.2326 0.0111 - 0.2729 0.0111-0.2729

52 M from /(0) (ratio to predicted value)

53 Porod volume (Aa) (ratio to predicted)
54 M from Bayesian Inference

| %This table was constructed with reference to the 2017 BioSAXS
data publication guidelines.
57 (https://doi.org/10.1107/52059798317011597)

58 ~
« » .| Extrapolation Overlay(3) | Extrapolation Summary | Entire Summary \ Summary fo ... @ : [«] | E
T B &PIEIEUT1 REFBETT mEraE | H g -—4—+ 100%
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6 Miscellaneous Notes

6.1

a

6.2

a

Mani pul ation Logging

Normal manipulation log is saved to a file in the analysis result folder specified in the main
dialog, named for example I' N \reports \ analysisO00\molass | o g A

Error messages are saved either to the above mentioned log file, or to files in the log folder

in the installed folder, named like ' N\molass1 0 13\log\f i nal _err.or . |l ogA

Please attach these log files to your trouble report to get support in trouble shooting.

Persistent Memory Storage

Some of user dependent information are stored persistently in files in a folder usually located
in I C:\ Users\ usernamé&.KekTools\ molassA .

This folder may safely be deleted when any of the files got damaged in troubles , which may
occur, for example, when run in multiple instances mentioned below

The program is supposed to start up in default states in such abnormal cases.

63 Mul tipl eEXecutaincre

a

It is not recommended to run  multiple instances of the program, because the storage files
mentioned above are only designed for single instance use
Therefore, the program warns you with a message shown below when you try to start up

multiple instances unintendedly.

Fig. 6-1 Already Running Notification

o MOLASS seems to be already running!

Multiple instance execution is not yet well supported.
However, you can continue at your own risk.

Would you really like to continue?

[ELY) ! WVE(N)

64 Batch Mode Executi on

a

The program is usually run in the GUI mode, which can be inconvenient in trouble shooting
especially when it terminates before the first dialog appears
In such cases, you can double click ' molassd e b u g . fileato dget it started in the batch

mode to get information about the situation from the command prompt window
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65 Mul tiprocessing and Cleanup
a During execution, the MOLASS program usually runs with multiple processes as shown in

the following figure.

Fig. 6-2 Multiprocessing of MOLASS

molass.exe

pythonw.exe excel.exe

b  The dmolass.exedis provided just to simplify the starting procedure, which actually invokes
Opythonw. ¢ hed maii nh s cr i lodateddinrbel dausgdHfolgey 6

c The first invoked oOpythonw. exed mactions, whilethess pe
secondary Opythonw. exed pr oc e sirsparalla m order te makeE x ¢ e | I
faster the entire execution.

d Those child processes are coded to try to terminate themselves automatically  when the
parent O0Omol ass. exeo,ehea s subheaknormal easemihanaydudedminate

one using Task Manager in some due situation .
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7 Detailed Description of the Dialogs

71 Main Dialog
7.1.1 Purpose and Required I nputs
a The Main D ialog is for entries of input / output folders and files as shown in  Fig. 7-1.
Fig. 7-1 Main Dialog
{ LI MOLASS 1.0.13rc1 (2023-09-22 python 3.11.4 64bit) = O X
| Folder Settings SEC Tools DENSS Tools Tutorials References Development
Xray Scattering Data Folder: |D:nyTqu5fData."sample_data J File Ext.:
UV Absorbance Data Folder: |D:nyTuu|statafsamp|e_data J File Name: |SAMPLE_UV280_01.t¢t J

[ disable UV data

Beamline: |PF BL-10C

Conc. Factors: Absorbance(h=280) = Path Length Factor{| 5.000 ) + Extinction Coefficient(| 1.000 )

Analysis Result Folder: |D:/PyTools/reports
Subfolder: |analysis-008

Book Name: |analysis_report.xlsx

Xray Scattering Data Files

- UV at wavelength=280
Xray at Q=0.02 1

—— Log | atelution No. 186

”MF f ”W

-

Re‘lreshl 3D\"'|ew| Data Range Rank\"'lewl Baselinel

F|Ir- Namr-
P sjper:

Last Modified
e e

—
SAMPLE_00182_sub.dat

2019-08-21 13:45:42

SAMPLE_00183_sub.dat

2019-08-21 13:45:42

SAMPLE_00184_sub.dat

2019-08-21 13:45:42

SAMPLE_00185_sub.dat

& SAMPLE_ 00186 sub.dat

SAMPLE_00187_sub.dat

2019-08-21 13:45:42

2019-08-21 13:4542

2019-08-21 13:45:42

SAMPLE_00188_sub.dat

2019-08-21 13:45:42

SAMPLE_00189_sub.dat

2019-08-21 13:45:42

SAMPLE_00190_sub.dat

2019-08-21 13:45:42

SAMPLE_00191_sub.dat

2019-08-21 13:45:42

SAMPLE_00192_sub.dat

2019-08-21 13:45:42

SAMPLE_00193_sub.dat

2019-08-21 13:45:42

SAMPLE_00194_sub.dat

2019-08-21 13:45:42

SAMPLE_00195_sub.dat

2019-08-21 13:45:42

SAMPLE_00196_sub.dat

2019-08-21 13:45:42

SAMPLE_00197_sub.dat

2019-08-21 13:45:42

SAMPLE_00198_sub.dat

2019-08-21 13:45:42

SAMPLE_00199_sub.dat

2019-08-21 13:45:42

SAMPLE_00200_sub.dat

2019-08-21 13:45:42

CARANIC ANt coib Ao

Press [P Analysis start] or click to select.

AR NG 1 AT ATAT

P Analysis start | [T fully automatic

'Exitl

b  Forevery folder or file entr y, users can use any of the following three input methods, namely,
1. directtyping (including copy & paste) ,

2. invoking folder/file -sel ecti on di alog by 0é06 button,
3. drag and drop mouse manipulation
c On entry +wmytHBSeabdbXKering Data Folder 6, the oUV

automatically filled in if the UV absorbance file is in the same folder and properly named,
and the file list below is filled.
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The expected naming for UV absorbance file is [|i
file naming is not an expected one, it fails to recognize and users must specify the folder or

the file in the subsequent entries.

The OFile Ext. o6 entry i s f or-rasspateringtiajaifilesgwhicch e f i | «
is usually supposed toittanobedatchhangred, tot berwivde
For the usage of odisable UXM7kklawad checkbox, sece
Concentration factor s input is required to convert from UV absorbance to concentration. The

default values are set according to the rule shown in the following table.

Tab. 7-1 Default Values for Concentration Factors

if measured before if measured after 2019 -10-01
Factor Name
2019-9-30 PF SPring -8 Others
Path Length Factor 5.0 8.437 8.155 7071( p ﬁVIE)
Extinction Coefficient, 10
Absorbance (OD) @ 1mg/ml '

These factors are not essentially relevant to the computation of Rg and I(0) or extrapolation

to zero-concentration, however, they do affect the values in the results on the summary

sheets mentioned in Section 0. Therefore, dondét forget to chan
from default values.

Beamline name is identified from 0 Spectrometersoé field in the UV
The out put folders are to be specified hi erarchi
0OSubfolderdé entries.

The o0Subfolderd entry fonauwommatia nuraberingl e as showmbire thes

figure . The number will be increment ed if there already exists a file with the same name.

The Abalysisstart 6 button invokes a prelsi menavVgppirogeDlis
described in the next section .

The ORefreshdé button is used whenlysucthcasefastheze | i st

occurs no other trigger events to update the list .
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7.1.2 Quick I nspection of Data

a At the lower left of the Main Dialog, two figures , cal | e d igor€s tare shawn to ive
a quick view of the input data.

b  The upper figure shows the elution curve with a yellow selected point, and the lower figure
shows the scattering curve with its  estimated Rg value which corresponds to the selected
point in the elution curve.

¢ Therow selection in file list  will be synchronize with the point selection on the elution curve,
and their synchronization is bi -directional.

d The file list can be used as an interface to AutoGu inier program. See Section 7.10 for such

usage.

713 3D View
a This view, shown from 03D Viewd button, is provi
namely UV absorbance and X -ray scattering, at a glance.
b  When flow change points are recognized, it also gives a closer view near the points in the
inset box.
¢ Attherightis shown an overlaid figure of the elution curves, which is a result of preliminary
mapping process of both sets of data.

Fig. 7-2 3D View

{7 3D Viewer - O X

20161104/BL-6A/AhRR
UV Absorbance Xray Scattering Preliminary Mapping

Elution Curve in Xray Scattering
0.014 = Elution Curve in UV Absorbance
Flow Change Boundary
Flow Change Boundary
0.012

0.010

0.008

0.006

0.004

0.002

0.000

al €] ¢al= B
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7.1.4 DatRmange Tri mming

a Inthe outline figures mentioned above (Fig. 7-1), there may appear two vertical dotted lines
for each figure, which indicate data range limits suitable for analysis.

b  The elution range is determined , by default, from the flow change point s when they are
observed.

¢ Thesmall-angle limit is determined, by default, to the extendable limit beyond the Guinier
region start. The limit can be controlled u s i rRg-comsistency6 i n t he Settings
section 7.7.4 for details.

d Thewide-angle limit is determined, by default, to the maximal position which can avoid the
unusable high -Q part which comes from the flange , when it is observed.

e When they seem to be badly determined by the program , you can change those ranges by
pressi nhgtaRahged 0butt on, wh iDathhRasgk dialags shdwe below. (Fig.
7-3, Fig. 7-4)

f  These pair ed dialogs take care of range trimming for X-ray and UV data respectively, and

they can be toggled by the but troanysg, naatmetl hye obSohtotw

3D view figure.

g To change the range, drag your mouse roughly to set initial start -end values, and then use
each spin button to modify.

h  When you have changed the range of one type of data, e.g., Xray (or UV) data, the range of

the other type of data, i.e., UV (or Xray) dat a,

(UV) o6 button, whi ch aut omatically mngadngeufilolmt es

preliminary rough mapping .

Fig. 7-3 Data Range Dialog for X -ray Data

';? Data Range Trimming — O X

Elution Curve in Xray
D:/PyTools/Data,/20161104/BL-6A/ARRR

0.014

Xray Scattering Data 0.012

0.010

0.008

0.006

- 0.004

0.002

b\ . 0.000

~odi o 50 100 150 200

% tim  start| 83 3| end| 207 3 SetfromuV

Xray Scattering Curve To Linear

~0.00

~0.01 »
¢ 102
200
-3
. 150 o
> <
0.00 -
0.05 . 100 )
0.10 - 2 10
015 .
0.20 . v
0.25
0.30 0 10
Reset View 108
0.00 0.05 0.10 015 0.20 0.25 0.30
Show LV ==
FEIE ] o*o Q= x=00648  y=00328 F trim  start| 13 2]000335 end| 760 3]0.278
AtaGlance Cancel
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Fig. 7-4 Data Range Dialog for UV Data

_
[ Data Range Trimming - [m] X
Elution Curve in UV
D:/PyTools/Data/20161104/BL-6A/ARRR 030
UV Absorbance Data 0.25 |
020 |
015 |
1o
|
flow change | flow change
Lo 0.05 9 |
~ 08 0.00
~06 o 100 200 300 400 500
~ 0.4 W trim  start| 167 3| end| 418 3] Setfrom Xray
~02 UV Absorbance Curve
~ 00
1.0
08
»
200 06
04
02 \/N
Reset View 00
200 250 300 350 400 450
Show Xray
—I /€3] P Q= P tim  stat| 50 3240 end| 317 Has1
AtaGlance Cancel

i The cyan lines suggest the wavelength referenced to determine the UV baseline.
j  As an additional note for elution range trimming , non-peak part of the either side of the
elution will be excluded when it extends beyond p 7t peak-width , w h & 10 leere ghould

be understood to correspond to that of a gaussian elution.

Fig. 7-5 Restriction by peak-width

+ UV at wavelength=280 i 5 i
A 1 0 peak-width

—— Log I at elution No. 561

k 0At a Gl anatkfobottom tshowsa compact view of the both data ranges as shown

below.
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Fig. 76 0 At a

Gl andatddRanje ew of

D Trimming at a glance - MOLASS 1.0.10rc (2022-10-06 python 3.10.7 64bit)

Range Rectangle

Trimming Info at a glance for 20161104 /BL-6A/AhRR

0- -200
50 -
=250
100~ w[50]=240
=300
150 - 418 —
shape=(318, 517) -
200~ 350
« 167
250 = =400
wi317]=451
300 -
=450
o 100 200 300 400 500
0- -0.00
a[131=0.00935 -0.05
200 -
207 - | ~010
200 shape=(912, 212) —ols
<« 83
=0.20
600 =
ql760]1=0.278
-0.23
800 - -0.30
o 50 100 150 200

& €3 Q= m

0.30

0.25

0.20

0.15

0.10

0.00

0.014

0.012

0.010

0.008

0.006

0.004

0.002

0.000

Elution Range

—— data
® peak tops
==+ approximate model
10-sigma boundary
10-sigma boundary

0 100 200
data
® peak tops
==+ approximate model
10-sigma boundary
10-sigma boundary

eranrenmemrsae e

0 50 100

150

0.2

0.0

10°°

10-¢

0.

200

250

Opposite Range

300 350 400 450

‘m
.00 0.05 0.10 0.15 0.20 0.25 0.30

Close
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7.15

| £ Rank View

Ran k
a Observing ranks of data matri
1.
2.
b For

Vi ew

to estimate the number of components contained

cesis useful for the following purposes

to judge whether the concentration dependence is ignorable

t hose

purposes,

Fig. 7-7 dRank View 6 Xrdy Data

0 Rank

Vi

ewo

provides

SVD Reconstruction with various Ranks of sample_data (no correction Xray) trim:(18, 751), (76, 354)

Whole Data

SRR(1)=0.17, SRR(2)=0.092, SRR(2:1) =222 = .55

T SRR

Rank 1

residual norm (relative)
residual norm (proportion)

Norms of residual matrices are plotted in the right figures.
Note that |A + B| = |A| + |B|.

a €3] +la|=| @

¢ Rank views are provided in the following variations, which can be selected in the cascade

Rank 2

residual norm (relative)
residual norm (proportion)

Rank 3

residual norm (relative)
residual norm (proportion)

Close

menu at the button

5

5

5

UV (no correction)

Xray (no correction)

Xray (corrected)

Rank 4

To get a suitable view, change parameters shown below from the corresponding menu.

Fig. 7-8 Changi ng

| S;j Rank View Parameters

B Trimming Option

v apply automatic trimming

B 3D View Parameters

azimuth: -60

elevation: 30

Cancel |
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% |

Vi ew Parameters
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Synchronize

f

residual norm (relative)
residual norm (proportion)

gur e s

0 Rank Vi



7.1.6 Baseline

0OBaselinebd

select the baseline correction method a mo n g

b The top part gives information on

Correcti

button

on I nspectio

shows the

foll

oNameeéar 6

n

owi di al

ng
or

no correction case while the other parts give those on

OLinearndtergr al 6 See Bectiors€.2.9] 72110 and 7.2.11 for these meanings and

details.

¢ Ifyou change the default settings in this dialog, automatic method selection will be disabled

and those changes will be adopted.

d The ranges colored yellow in the lower left figure, which will be used subtract to get the

scattering curve of the accumul ated O0broken
boxes or dragging the figure with your mouse .
e You can restore the automatic selection mode
the lower left of the dialog.
Fig. 7-9 Baseline Correction Inspection Dialog
[7] Baseline Inspector — O 24

Elution Curve

None

®

Linear

...............

@)

Integral

600 700

[~ ManualSpec.  PeakNo: | 2 3]

Integral LeftBase| 0 3| 50 3

Baseline Correction Inspection for OA_11_cut

800

Integral Right Base | 750

Scattering Curve (Log-Log Plot)
-2.2

-2.4
-2.6
-2.8
-3.0
-3.2

No Correction

-3.4

102 10!

-2.2

-2.4

-2.6

-2.8

-3.0

No Correction 32

LPM Corrected

3.4
102 10-!

-22
2.4
-26
-2.8
3.0

-3.2

No Correction
Integral Corrected

3.4
102 107!
ELE <] #lQ/=| B

Redraw ‘

Scattering Curve (Guinier Plot)

—— No Correction
Guinier Region

0.000 0.001 0.002 0.003 0.004

—— No Correction
—— LPM Corrected
Guinier Region

0.000 0.001 0.002 0.003 0.004

— No Correction
— Integral Corrected
Guinier Region

0.000

0.001

0.002 0.003 0.004
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7.1.7 Toggling the Mode concerning UV Data Usage

In the standard usage, the program is supposed to analyze UV data paired with X -ray data.

b  Such standard mode is useful not only for the attachment of the absolute concentration, but
also for the detection of different components from the deviation of the  pair of elution curve s.

¢ However, there can be cases where the program fails to establish a precise mapping between
those elution curves .

d Ifsuchis the case, or the other merit s of UV data usage are not considered important, users
can choosethe X-r ay data only mode by c¢heckuttaongwhiche o0di
changes the Main Dialog as shown in  Fig. 7-10 below.

e It istoggled between the two modes by checking and unchecking the button .

f  See Chapter 8 for details of the X -ray data only mode.

Fig. 7-10 Main Dialog (X-ray data only mode )

( m MOLASS 1.0.13rc1 (2023-09-22 python 3.11.4 64bit) — O X

| Folder Settings SEC Tools DENSS Tools Tutorials References Development

Xray Scattering Data Folder: |D:,"PyTooIstatafsample_data_no_UV J File Ext.:

UV Absorbance Data Folder: | J File Name: | J
™ disable UV data

Beamline:

Conc. Factors: Absorbance(h=280) x Path Length Factor(| 7.071 ) = Extinction Coefficient(| 1.000 )

Analysis Result Folder: |D:/PyTools/reports J
Subfolder: |analysis-008

Book Name: |analysis_report.xlsx

Xray Scattering Data Files Refresh | 3D View | Data Range | Rank View | Baselmel

Xray at Q=0.02 _FileName  Lost Modified

i
SAMPLE_00182_sub.dat 2019-08-21 13:45:42
SAMPLE_00183_sub.dat 2019-08-21 13:45:42
SAMPLE_00184_sub.dat 2019-08-21 13:45:42
SAMPLE_00185_sub.dat 2019-08-21 13:45:42
SAMPLE_00186_sub. 2019-08-21 13:45:42
SAMPLE_00187_sub.dat 2019-08-21 13:45:42
SAMPLE_00185_sub.dat 2019-08-21 13:45:42
SAMPLE_00189_sub.dat 2019-08-21 13:45:42
SAMPLE_00190_sub.dat 2019-08-21 13:45:42
HENA N S S SAMPLE_00191_sub.dat 2019-08-21 13:45:42 I
: SAMPLE_00192_sub.dat 2019-08-21 13:45:42
SAMPLE_00193_sub.dat 2019-08-21 13:45:42
SAMPLE_00194_sub.dat 2019-08-21 13:45:42
SAMPLE_00195_sub.dat 2019-08-21 13:45:42
Hl ' F' SAMPLE_00196_sub.dat 2019-08-21 13:45:42
\ 'N |‘| SAMPLE_00197_sub.dat 2019-08-21 13:45:42
' [ SAMPLE 00198 sub.dat 2019-08-21 13:45:42
O SAMPLE_00199_sub.dat 2019-08-21 13:45:42
Lk SAMPLE_00200_sub.dat 2019-08-21 13:45:42
CARANIC AN s Aad WA NG T T AT AT

Press [ Analysis start] or click to select.

W Exit | P Analysis start | [ fully automatic
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7.1.8 Rel oading of the Previous Dat a
a Previously used input folder entry is restored at the startup from the user -dependent
persistent storage (see 6.2), and the program asks if you want it to be loaded again in a

message box shown below.

Fig. 7-11 Reloading Confirmation Message

-06-27 python 3.10.7 64bit)

Folder Settings SECTools DENSS Tools Tutorials References Development

Xray Scattering Data Folder: |D:/PyTools/Data/sample_data J File Ext.:
J File Name: J

I™ disable UV data

UV Absorbance Data Folder: (None

Beamline:

Conc. Factors: Absorbance(A=280) = Path Length Factor(| 7.071 ) = Extinction Coefficient(| 1.000 )

Analysis Result Folder: |D:/PyTools/reports J
Subfolder: |analysis-002

Book Mame: |analysis_report.x|sx

Xray Scattering Data Files Refresh | 3D View ‘ Data Range | Rank View | Beseline|

filename | datetime [heckbuttol

Reload Confirmation

Previous input was from
D:/PyTools/Data/sample_data

Would you like to have it loaded?

Specify input/output folders

™ fully automatic

W Exit

b If that is not what you want, reply ing 0 N owdl clear the input folder entry to allow you

immediately enter your desired new folder path.
¢ Reloading one of recently used foldersiseasyifyouuse t he ORecently wused f ol

cascaded from the OFol derdé menu.
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Fig. 7-12 Recently used folders Menu

D MOLASS 1.0.12rc8 (2023-06-27 python 3.10.7 64bit)
Folder Settings SEC Tools DENSS Tools Tutorials References Devel

Recently used data folders 4 [:/PyTools/Data/sample_data

Exit C:/PyTools/Data/20161104/BL-6A/ARRR

D:/PyTools/Data/20170307/Backsub J

UV Absorbance Data Folder: |Nong

7.1.9 Removed AFnobdemal
a There rarely can be cases where the data include a few abnormal measurements, which

happen, for example, from accidentally included bubbles. Such files are automatically

removed and replaced with properly interpolated

oexcluded®& col umn.

B]ln earlier versions of MOLASS, this oexcluded col umn
files, which has been abolished for simplicity in later versions.
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72 Mapping Dialog
7.2.1 PurposkaanpguFhowon
a This dialog, as shown in Fig. 7-13, is for checking and adjusting the mapping between the
UV absorbance data and the X -ray scattering data .
b Itisinvoked eitherbythe 0 Analysisstart 6 button i n. Main Dialog
c The figures in the upper part of the dialog show the elution curve s of both data in the
standard mapping plane , which is usually set at the point s where wavelength 1=280nm for

UV absorbance and scattering vector length q=0.02 M 1 for X -ray scattering.

Fig. 7-13 Mapping Dialog when options are hidden

|7 Elution Mapping Confirmation ] X

Mapping status between UV and Xray elutions from D:/PyTools/Data/ 20170209/ OAGlwyatt_02

(a} Elution from UV absorbance at A=280 (b)  Elution from Xray scattering around q=0.02 () Mapped elutions (Xray scattering scale)
.
008
04 Lol
0.06
3 o
0.
00
002
00z
777777 S
150 200 250 300 350 400 E B 25 150 175 200 s 75 100 15 150
/RED $Q= 0 View Show Uniformly Scaled Curves. | Show ifference
Show Dptions
pressing (P Execute]
Decompasiion Editor

d The lower part of the dialog is hidden if the mapping seems adequate and there seems no
need of baseline correction of the X -ray scattering data.
e It is shown otherwise or by clickinkHg #T1d)e O0Show (

Fig. 7-14 Mapping Dialog when options are shown

[ Elution Mapping Confirmation - (m] x

Mapping status between UV and Xray elutions from D:/PyTools/Data/201 70209/ OAGIwyatt_02
(a)  Elution from UV absorbance at A=280 (b) Elution from Xray scattering around g=0.02 (c) Mapped elutions (Xray scattering scale)

Aer Q=
© integral | baseline @ with BPA wsing LPM [ & linear  integral | baseline [ with BPA Sy
.
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f  For usage of the toolbar ( #|€[®|4/Ql=|Bl), please refer to the following page in matplotlib
document.
Interactive navigation https://matplotlib.org/users/navigation_toolbar.html

7.2.2 Checking the Mapping Adequacy
a Users can check the adequacy of mapping by observing the overl aying state of curves in the
right figure or by reading either of the following information  indicating the mapping quality .
1. SCI 1 Single ComponentIndicator ‘I displayed in percent values in the figure,
2. nRMSD ‘I Normalized Root Mean Square Deviation ‘1 shown in the lower right box.
b  SCI, in percent values, indicates the ratio of the length of interval where both lines fit well
against the whole length of each analysis range. (See another example in Fig. 7-15, Fig. 7-16
on the next page)
x A VEE OOATIGRI COE
xET ARATWAOE@R COE™

¢ For nRMSD, t here are two indicators for the initial value and the late st (or current) value

3#)

which varies as the user changes the mapping options and parameters.
d The color of each indicator bar changes among cyan, yellow and pink depending on the
adequacy, as shown in Tab. 7-2 below.
Tab. 7-2 Colored indication of mapping adequacy

Color Adequacy indication
Cyan Ok

Yellow Better be improved
Pink Bad (need adjustment)

Fig. 7-15 Another Mappin g Example where the Deviation is significant between the mapped Curves

[ Elution Mapping Confirmation - o X

| Mapping status between UV and Xray elutions from D:/PyTools /Data/sample_data

(a) Elution from UV absorbance at =280 (b)  Elution from Xray scattering around 4 q=0.02 {c) Mapped elutions (Xray scattering scale)

| 200 300 400 500
#eE> Q= 0view | investigate Comection Shew Uniforely Scaled Curves. | Shom difference.
Hide Optians

Fig. 7-16 Yet Another Mapping Example where it has overlapping Peaks
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https://matplotlib.org/users/navigation_toolbar.html

[] Elution Mapping Confirmation

(a)  Elution from UV absorbance at A=280

(b} Elution from Xray scattering around q=0.02

Mapping status between UV and Xray elutions from D:/PyTools/Data /20170307 /Backsub

— [m] X

{c)  Mapped elutions (Xray scattering scale)

Press Opti

a0
o025 ozs
008
0,020 f\ 0020
o6 / \
ools / sois
004 \ A
0010 o0
002 \
N
0005 o005
oo
0.000
. 0000
0 40 s so0 70 800 50 20 20 om0 30 40 10 20 250 0 30 400
/#eED Q= 0View | Investigate Comection Show Liniformly Scaled Carves | Show diference)
Hide Options
UV Absarbunce Beseine Adjustment Neay Scatering Bassins Adjustment Mapping Pracision Mesaure
£ No comection to imput data & Mo comection to input data Initial GEASD-0.21M45
@ Comaction toinputcta € Comction o ingut cta with method option: ey
usingLPM { @ linear " LRF " integual | baseine 7 with BPA usingLPM{ € linear  integeal | baseine % with 89A e
™ Linear autment by ersted optieization © sutomate € manusl sgust
above: Press "OK" e sl Adjust
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7.2.3 Data I nvest.

gati on

a There are four buttons for data investigation and range adjustment summarized in the table

below.

Tab. 7-3 Buttons for data investigation and range selection (from left to right)

Name Description Figure

3D View Shows both sets of data in 3D plot
Fig. 7-17
I nvestigate Correction Shows X-ray scattering data at each Q Fig. 7-31
Show uniformly scaled curves Shows a uniformly scaled UV curve overlaid Fig. 7-18
Show difference Shows difference of the mapped elution curves Fig. 7-19

b  The 3D-plots are sometimes required to observe the situations in other parts of the data, not

apparent in the 2D figures within the standard mapping plane.

¢ Another
also Section 7.1.3)

pur BDYiee wd

tdhet® observe

Fig. 7-17 3D View

the enti

re

™

L. 13D Viewer

UV Absorbance

sample_data
Xray Scattering

Preliminary Mapping

Elution Curve in Xray Scattering
-++-+ Elution Curve in UV Absorbance
Flow Change Boundary

al€ls] ¢lal= B
Lo ] om |
d As for the Ol nvestigate Comixctiondé button,

e The uniformly scaled curves , shown in Fig. 7-18, make clearer the fact that they need locally

adjusted scaling for each peak in order to overlap.

f The differen

ces between the over

| apped

button , which shows them in two ways, namely the differences and their absolute values

(Fig. 7-19)
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Fig. 7-18 Mapping Dialog with Uniformly Scaled Curves

100 150

100 150 250 300 350
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100 150 250 300

350

- : -
| [ Elution Mapping Confirmation - O X
1 |
Mapping status between UV and Xray elutions from D:/PyTools/Data/sample_data {
(a) Elution from UV absorbance at A=280 (b)  Elution from Xray scattering around q=0.02 (c) Mapped elutions (Xray scattering scale) |
0.07
A |
0.05
0.10 0.06
0.04 0.05
0.08
0.03 0.04
0.06 .
0.03
0.02
0.04
0.02
0.01
0.02 0.01
0.00
0.00 0.00
200 300 400 500 600 700 100 150 200 250 300 350 100 150 200 250 300 350
a &5 -I-o Q= DView |  Investigate Correction Show Locally Scaled Curves Show difference
Hide Options
UV Absorbance Baseline Adjustment Xray Scattering Baseline Adjustment Mapping Precision Measure
" No correction to input data € No correction to input data Initial nRMSD=0.17731
4 Correction to input data ' Correction to input data with method option: Current nBMSD=0.17731
using LPM { & linear ¢~ LRF " integral } baseline ¥ with BPA using LPM {  linear ¢ integral } baseline ¥ with BPA ST @RS
[ Linear adjutment by iterated optimization @ automatic ¢ manual adjust
Press Optimize | to get adjusted with the specified parameters above; Press "OK" button below when it is appropriate. Manual Adjust
o Main 7 Range Editor %/ Decomposition Editor
" ~ .
Fig.7-19 Three states toggled by O60Show di
() Mapped elutions (Xray scattering scale) (c) Mapped elutions (Xray scattering scale) (c) Mapped elutions (Xray scattering scale)
0.05 - 0.05- /\ 0.05 - f\
- 4.0e-03 - 4.0e-03
0.04 - 0.04 - 0.04 -
-2.0e-03 -2.0e-03
0.03 - 0.03 - ! 0.03 -
A - 0.0e+00 fal - 0.0e+00
0.02 - 0.02- 0.02 -
- 2.0e-0% - 2.0e-03
0.01 - 0.01 - \ / 0.01 - \ /
)_,_,/ \./ ; \ o ,,_/ \_/ OC \ Bl
0.00 - 0.00 - 0,00 -

ffere



724 Attract iMmigiteUser O6s
a Thedi alog tries to attract userf6s attention by b
in cases listed in Tab. 7-4. SeeFig. 7-20 for such an example.

Tab.7-4 Situations requiring userds attention

Attention Sign Situation

0See Dri ft i n|When the program has detected significant baseline drift  in X-

ray scattering data and wants users to confirm in 3D plot.

Optimize Button Blinking When the figures and the mapping precision indicators are
inconsistent with the option/parameter settings after they have
beenchanged, until they are wupdat e.d

b  Users may ignore such suggestions if they are confident that there is  no need to address to
them.

c While the 0Optimized but tSeral Analysisbdl ibnuktitnogn, ipsr g susdigr
illegal action in order to avoid allowing possibly unintended setting without confirmation,
and guidedto gobacktod Maind i nst e SedialAnélysisd i n order to quit

Fig. 7-20 Mapping Dialog with Button -Blinking and Background Text

Backgrou nd Text

Button B linking
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