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PaNOSC: What iSit?%‘%ﬁ%’///

- Photon and Neutron Open Science Cloud (Grant no. 823852 in EU Horizon 2020 program)
- ExPaNDS (Grant no. 857641, PaNOSC complement for national facilities)
- Neutron (LENS) and synchrotron (LEAPS) facilities in Europe
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PaNOSC: What is it?

Neutron science in Europe:

50 years of w 1 50
world-leading =S = Instruments
science E 5 @j‘/\?
S 46000 10z "
o Papers including facilities OL
o

neutron e

science

Photon science in Europe:

Since 1960s

9000+ publications/year
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PaNOSC: The challenge of diversi

* Very diverse scientific communities
e 1000s of individual experiments
e Data and metadata?
* FAIR data J
Instrument metadata %/

Experiment metadata \/
Sample metadata x

Other characterization x

\ P /,’// g\“‘-‘&. )
PanoOosc ===
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photon and neutron e
open science cloud

. Protein Crystallography

Solid state physics (electronic properties, magnetism,
basic quantum materials)

147
" 12

Solid state physics/Materials science (structure,
phase transitions, nanomaterials)

Atom and molecules physics

. Biology--Life Sciences (excl. Protein Cristallography)
. Chemistry—Surface Science—-Catalysis

. Instrumentation and technique development

. Materials sciences for technology

Geo-sciences

. Environmental Sciences

. Materials sciences for information technology

. Metrology

Cultural Heritage

74

Fig. 1: Use of LEAPS labs for a broad science community. Example: number of publications at SOLEIL in 2018, by scientific field
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EOSC Future: Scientifi

Focus in a single technique: Small Angle (Neutron/X-ray) Scattering (SANS/SAXS)
and a single problem: Conformation of proteins and macromolecular complexes.

detector

Monochromatic beam

> 26 |s
Radiation sources:

*X-ray generator (\=0.1 — 0.2 nm) sample

*Storage ring (A=0.03 — 0.4 nm)

*Neutron reactor (A=0.1 — 1 nm)
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Tian et al, Food hydrocolloids (2020)
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EOSC Future: Scientifi

Goal: Create an easy (semi-)automatic workflow allowing to download reference structures of proteins
or biomacromolecular complexes and experimental data (from user facilities or curated databases) and
combine them to obtain a set of plausible molecular conformations.

Uses: Teaching and facilitate use of SANS/SAXS techniques by non-experts.
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- The demonstration in a nutshell o v -

STEP 1:
http://replay.notebooks.eqi.eu

login e.g. using UmbrellalD

Umbrella Login

Login to umbrellalD AAT Service
Username

gonzalezml

Password

0 Don't Remember Login
[ Clear prior granting of permissien for release of your information
to this service.

Create account Lost username Lost password

umbrella

AAT Service

umbrellalD

GitHub G Google #F PeduTEAMS

uml R
Replay offers an easy place to reproduce and share notebooks. It allows users to replay complex
calculations, simulations, and visualisations scenarios by importing Notebooks and their runtime
environment and share them with a single link. Replay works well with EGI Notebooks: use-cases include
workshops, scientific workflows and streamline sharing among teams.
Access requires a valid EGIl account and enrolling to the vo.notebooks.egi.eu VO.
umbrellaID: THE_ DIGITAL Nice! How can I use it?
IDENTITY FOR PHOTON AND
NEUTRON USERS umbrellaID is built on top of the existing local IT
infrastructures and it links its identity in a once-

umbrellalD is a digital identity, developed for use only action directly to the local identity at the

by Photon and Neutron users. Globally respective facility.

recognised and secure. \

pi
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http://replay.notebooks.egi.eu/

/

STEP 2:
https://qithub.com/isafiulina/sas_helper

binder

TO DO: Findable in EOSC Marketplace!

The demonstration in a nutshell
25 @ binder

Turn a Git repo into a collection of interactive notebooks

Have a repository full of Jupyter notebooks? With Binder, open those notebooks in an
executable environment, making your code immediately reproducible by anyone, anywhere.

New to Binder? Get started with a Zero-to-Binder tutorial in Julia, Python, or R

Build and launch a repository

GitHub repository name or URL

GitHub ~ | https://github. com/\saﬂuh’na/sas,he\per‘

Git ref (branch, tag, or commit) Path to a notebook file (optional)
notebook file (optional)

HEAD Path to a

Copy the URL below and share your Binder with others:

https://replay.notebooks.egi.eu/v2/gh/isafiulina/sas_helper/HEAD

File ~

Expand to see the text below, paste it into your README to show a binder badge:

launch

@ eoscfuture.eu O@EOSCFuture @Cfuture
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https://github.com/isafiulina/sas_helper

STEP 3:
Jupyter Notebook environment
(upload data or go to Notebook)

~ Jupyterhub

Files Running Clusters
Select items to perform actions on them.

0 ~| W/

[ datahub

[ pdb_files

& sAsHelperipynb

[ environment.yml

[ ucense

[ postBuild

[ README.md

O sas_helper.py

The demonstration in a nutshell

" jupyterhub SASHelper (unsaved changes) @ logort  Gontrol Panel
File Edt View Insert Call Kamal Widgets Help Not Trusted Python 3 (pykernal) O
B + x OB 4+ ¢ PRun B C W  Makdown 4 W &Downiad & & OGtHub % Binder Memory: 176.1 MB / 6 GB.

Upload
Name s  Last Modified
an hour age

2 days ago

Running an hour ago

2 days ago

2 days ago

2 days ago

2 days ago

2 days ago

sas_helper for Protein Study with SAXS and SANS Techniques

Overview

‘This Jupyter notebook provides to d In protein studles: Smali-Angle X-ray Scattering (SAXS) and Small-Angle
Neutron Scattering (SANS). Small-Angle Scattering (SAS) techniques are powerful tools used in the study of protein structure and dynamics in solution.
i i ion about the size, shape, flexibility, and interactions of biological macromolecules.

SAS techniques invoive measuring the scattering pattern produced when a beam of X-rays or neutrons interacts with a sample. By analyzing the scattering

pattern, researchers can gain insights into the Pproteins and other
The term *small-angle* refers to the range of scattering angles typically observed in SAS experiments. These that
deviate only slightly from of the ty information about the overall shape and size of

the particies in the sample.

Table of Contents

4. Samole n Solution for and SANS Studies
§. Protein Conformation Modeling
6. 5as_belper Module Overview

New - &

= T Replay of round-robin study

Overview
Demanstration notebook using the data provided in the following study. "A round-robin approach provides a detailed assessment of biomolecular small-angle
225 kB scalfering data reprogucibility and yields consensus curves for benchmarking” [1]
References:
203B
[1]J. Trewhella et al., Acta Cryst (2022), D78, 13151336 hitps //doi org/10 1107/52056798322009184
1.07 kB
8368 Get started
545B To get started, import the necessary modules and set up the back-end for interactive plotting
55.5 kB

In [ ]: from sas_helper import +
import nuspy as np
import requests
xmatplotlib natebook

And define dictionary with all systems and codes for PDB and SASBDE (see below for more information).

In [ ]: codes = {}
codas['r 1 = (*7rsa.pdb’, ['SASDPPA’, SASDPUA', 'SASDP25'])
codes|*lysozyme’] = ('2vbl.pdb’, ['SASDPTA', 'SASDPVA', 'SASDPZ4'])

codes| 'xylanase'] = ('2dfc.pdb’, ['SASDPS4’, 'SASDPWA', 'SASDP35'])
codes| 'urate']
codes[xylose’]

*318w.pdb’, ['SASDPQ4’, 'SASOPX4', 'SASDP45'])
("1mnz.pdb’, ['SASDPRA', 'SASDPYA', 'SASDP5S'])
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STEP 4:

Get protein reference structure

from Open Data Base

O 8 s iwen xib o

08 o vitnd @) et Tied e s -l L

#» Deposit

Wieam

[ 209,811 Sincures fom e FOB

=30 Snciues @ |

RCS8 Protein Data Bank (RCS8 POB) enables breakihioughs in
science and education by providing acoess and toos for exploration,
visualization, and analysis of:

B struclures

Bank (PDE) archive

[E) Computed Structurs Models (CSM) Iom AIphaFoid DB and
Modelarchive

These data can be expiored in conle of external annatations. providing
asiructural view of bickogy.

Explore - PDB-101
NEW Training
Features L

& New: More Computed Siructure Models (CSM) a

mber Molecule of the Month
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" The demonstration in a nutshell

Load the PDB files

Crystal structures for the five proteins studied in [1] are available in the Protein Data Bank (PDB) https_//www rcsb org and their respective codes are:

+ RNaseA: PDB entry = 7rsa

+ Lysozyme: PDB entry = 2vb1

« Xylanase: PDB entry = 2dfc

« Urate oxidase: PDB entry = 318w

» Xylose isomerase: PDB entry = 1mnz

They can be downloaded easily using the download pdb function:

download pdb(link, pdb file)

where link = https://files.rcsb.org/download/entry-code provides the reference to the PDB file in the database.

Let's load the reference structure of the five systems analysed in [1]:

for key in codes.keys():
url = "https://files.rcsb.org/download/' + codes[key][@]
download_pdb(url, key + '.pdb")

File
File
File
File
File

rnasea.pdb has been successfully downloaded
lysozyme.pdb has been successfully downloaded
xylanase.pdb has been successfully downloaded
urate.pdb has been successfully downloaded
xylose.pdb has been successfully downloaded

@ eoscfuture.eu O@EOSCFuture @Cfuture
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:/\‘@-"’ The demonstration in a nutshell

Protein visualisation

Use the show_pdb command to visuslize the loaded structures:

show_pdb(pdb_file)

ST E P Use the interactive 3D visualizstion of the protein structure to explore the structure. You can rotste the protein, zoom in and out, and explore different parts
5 . of the model.

Visualize loaded structure e

@ eoscfuture.eu Q@EOSCFuture @Cfuture <ES!S':FUIU[E



" The demonstration in a nutshell

Load the SANS/SAXS data

Consensus SANS (in both D20 and H20) and SAXS data used in [1] are available in the SASBDB database. They can be downloaded manually or as shown
below: The codes corresponding to each data set are given in [1] and have been defined before inthe codes dictionary, where they are available as
codes[system key][1][#] , where # = 0 (SAXS data), 1 (SANS data taken in D20), or 2 (SANS data taken in H20).

STEP 6: In [6]: requests.packages.urllib3.disable_warnings()

sasbdb.org/rest-api/’
sasbdb.org/media/intensities_files/'

# Check codes to use ond downlood SANS/SAXS date curves locall

and P|0t them for key in codes.keys(): Small Angle Scattering Biological Data Bank

for code in codes[key][1]:

API_BASE = 'https://u

Load experimental data

try:
resp = requests.get(API_BASE + 'entry/summary/', params={'code': code},
headers={"Accept": "application/json"}, verify=False)
Figure 1 n if resp.status_code != 20@:
resp.raise_for_status()
else:
json_data = resp.json()
109 print{json_data['code'], ':', json_data['experiment']['sample']['name'])
url = URL_BASE + code + '.dat"'
resp = requests.get({url, allow redirects=True, verify=False)
file = code + '.dat'
open(file, 'wb').write(resp.content)
except requests.exceptions.HTTPError:
107 4 resp.raise_for_status()

SASDPP4 : Consensus SAXS Profile - Ribonuclease A
SASDPU4 : Consensus SANS Profile - Ribonuclease A in 188% w/v D20 buffer
SASDP25 : Consensus SANS Profile - Ribonuclease A in H20 buffer
SASDPT4 : Consensus SAXS Profile - Lysozyme
SASDPV4 : Consensus SANS Profile - Lysozyme in 188% v/v D20 buffer
10-2 4 SASDPZ4 : Consensus SANS Profile - Lysozyme in H20 buffer
SASDPS4 : Consensus SAXS Profile - Xylanase
SASDPW4 : Consensus SANS Profile - Xylanase in 188% v/v D20 buffer
SASDP35 : Consensus SANS Profile - Xylanase in H20 buffer

[{[+]

—— SAXS SASDPQ4 : Consensus SAXS Profile - Urate Oxidase
—— SANS D20 SASDPX4 : Consensus SANS Profile - Urate oxidase in 188% v/v D20 buffer
SASDP45 : Consensus SANS Profile - Urate oxidase in H20 buffer
— SANS H20 SASDPR4 : Consensus SAXS Profile - Xylose Isomerase
103 T T T SASDPY4 : Consensus SANS Profile - Xylose isomerase in 188% v/v D20 buffer
0.0 01 0.2 0.3 0.5 SASDPSS : Consensus SANS Profile - Xylose isomerase in H20 buffer
QAT Y

# € 9 & O
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" The demonstration in a nutshell

Calculation of SAXS Profiles

To bzt SAXS proflies. jou 630 ube elNEr e Foxs Of Pepsi-Saxs sofwane There bs no orikal difenencs Detwesn M. enoent for e MieneR) sczle The

e foxs sofware, 50 TR call

sas_profile
saxs_profile(pds ile)

eoumEk o

saxs_profile(pds_File, oo

proflle for 3 g fle. By detaul, e

o)

To akEE TR SAXS IR LENG T2 Pepsi-SAXS SOTWENE, LEE TR TIKWING SOMMENT:

saxs_profile(pds file, core="pessism”)

or

saxs_profile(pds_file, core="both’)

o cabcutzte e profile win bom programs.

¥ inEtead of 2 single e we prowioe 2 listof e nEe st

For examoie

e OrOTIeE o e T STyEtEl STuctures 1 [1]

STEP 7:
Calculate SAXS and SANS profiles.
For SANS check differences between H/D.

Calculation of SANS Profiles
way, D I ks

Iz e HD
Rkl kephends

sans_profile(pds files, dewt_levelofs]. dio_levels[s]. exchenge=[s])

50 PR AN sans_profile R some

« dsut lsval stands for n Inssstigation. Deuterstion rafers 1 e renizcemsnt of
Tre deut ) I e range from Oto 1
 (T20_jéval stanas for Bumr ceuterstion et s Tre 20, n
me rge TOm Q0 1.
o Exgrange rae Figner sichange rates

1 me range mom a0 1

e s

DemuR VEes are: 0 level=0. 020 Ivel=0, a0 exnange=0.
or

The sans_profile fnconwill

cakulzte 31l e DoTOIENONE O POEE MUTDETE, for eEmDlE

I [5]:

saxs_profile([*{}.pd" fomst{iey) for key in codes.keys()], core='pepsisaxs’)

-7

Intensity

-

Figurs 3

SAXS Profiles

—— rnasea.pdb (Pepsi-SAXSH

—— Iysazyme pib (Pepsi-sAKS)
—— wylanase pdb {Pepsi SAXS)
—— urare pdb (Fepsi-5AXS)
xylosa pdb (Pepsi-5ANS]

® | € » |+ |0

=

Caloulsted profile ssved in Fils
Caloulsted profile seved in Fils
Caloulsted profile ssved in Fils
Caloulsted profile seved in Fils
Caloulsted profile ssved in Fils

QA=Y

rmases_FessiSas_cov
Iysozyme_sepsisixs_cov
sylanase_Fensisivs cov
uirate_Sesisars cov
sylose_Fessisirs oo

N

n [29]:

pdb_file = sysoem + *od
sant_profile(pds_file, devc level-[0.1]. d2o_level=[o, 1], exchange=s)

Figus &
SANS Profiles
= masea pdb DeUE 0, D20 0, Exchanga 0)
=== masea pdh (Beut 0, DZ0. 1. Exchange 0)
== masea pdb (Deut 1, D20, Exchange. 0]
— rmasea pdb (eut 1, 020 1, Exchange
107
=z
g
:
101
-+

o

QA=
® | &|3 4|0

Seme

Caloulsted profile ssved in fils msses devtd d2od_exchd FeosiSuls cov

Caloulsted profile saved in fils mesen devtd d20180_exchd PeoiSu cov

Caloulstes profile soved in Tile rmses_dectlBd_d2o0_evcd Pessiidl.cav
1o H ressas_de 100 42m1B0_eecnd_PessiSals x
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:X- The demonstration in a nutshell

STEP 8:
Generate alternative conformations from
the reference structure by moving smartly
the flexible residues of the protein

I [18]:

Generating different conformations

A% e profeins are fedole, e Shgle oy i ar izt Rz adogt 2 sabert Those can e
generzted usihg eRner RAT (Rapk-eaioring Random Trees) or NOLS (NOn-Linear righd Slock Normal Model Aalysts)

The RRT modeling ks I , 35 e user Texiie residues,
S0 nens we will us2 M2 s2cond memod.

T pertorm NOLE modeling., jou nesd 1o provide 3 pdb_File and spectty e blkwing options

« num_fter Tris paramster represents e numoer of Rerathns for e igorknm. ot Ty RerEE
e mosels. of Rerathns o2 3
UM _modss” This parsmeter speciis e rumber of modss (o models) in be genersied Esch Moo represents 3 distingt conbmstion

Ater e of mades. (mogss) e cupt

pd_fils = system + "o
nodelpdh_nolb(pdh_file, nun_iter=ITERATIONS, rum_modes=HODES)

oot
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The demonstration in a nutshell

{}.pdo" formst(i+1) for i in range(MoDES)], codes[system][1][e] + '.dat’, core="pspsizacs")

STEP o: e
Fit calculated profiles to SAXS and SANS data, in order to ' '
select more likely/abundant conformations.

mases_nlb_45.pdb 42858 mases_nio_45-SASDPPA.ft
mases nlb 47.pdb 108430 masss_nlb_47-SASDPP4.fit
rnases b 34.psh 109835 rmasss_nib 34-SASDPPA.fit

mases_nlb_5pdb 1110.05 masea_nlb_35-SASDPPA it

mases nlb_45pdb 118350 masea_nlb_45-5ASDPPA fit

mases_nlb_50pdb 118875 masea_nlb_50-BASDRP4 it
mases nlb_37.pdb 123869 masea_nlb_37-BASDPPA.fit
mases_nlb_15.pdb 133807 masea_nlb_15-BASDPPA it

Fit each of the conformations to the experimental SAXS data

This is done using fitsaxs and either foxs or pepsisaxs

mases_nlb_43pdb 137345 masea_nlb_43-BASDPPA it
masea nib_3pdb 137889  mases_nlb_3-SASDPPA.fit

@ e o w o e W

Figure 7 n

Fitting with Pepsi-SAXS

If you choose core="foxs" ,the following options are taken inte account:

Fitsaxs(pdb_files, data_file, core="foxs", cl_low=6.99, cl_up=1.85, c2_low=-2, c2_up=4, bg=8,

hyd=False)
10° & SASDPP4.dat
« ¢1is the scaling of the atomic radius, which controls the excluded volume of the molecule. The defaultvalue is ¢1 = 1.0. During fitting, a range of values is = masea_nlb_49.pdb
allowed, with a 1% decrease and up to a 5% increase in the radius (0.99 = ¢1 = 1.05). The ¢1_low and ¢1_up paramelers define this range s mased_nlb_47.pdb
« c2is usedto adjustthe difference between the densities of the hydration layer and the bulk water. It controls the density of the water layer around the : :Z::i:::i; E:E
malecule. The default value is c2 = 0.0. The value of c2 canvary from 0 to 4.0, representing up to four water molecule neighbors for an exposed solute s masea_nib_45.pdb
atom. Negative values are also allowed (-2.0 = ¢2 = 4.0) to account for a lower hydration shell density. The c2_low and c2_up parameters define this — masea_nlb_50.pdb
range. s masea_nib_37.pdb
« bg is an option for background adjustment, which is not used by default. > 107 — :::::*:::*i‘z:::
» hyd is a boolean flag that indicates whether ta explicitly consider hydrogens in the PDB files. The defaultvalue is False. If you want to use hydrogens, set 2 masea_nlb_3.pdb
hyd=True , assuming that all hydrogen atoms are listed in the PDB file g
For core="pepsisaxs" ,the available options are:
Fitsaxs(pdb_files, data_file, core="pepsisaxs", bg-@, hyd-False, scale-1, int_B-1, neg-False,
no_smear=False, hyd_shell=5, conc=1, abs_int=@, bulk_SLD=1e-5)
« bg is an option for background adjustment, which is not used by default 1ot
« hydis a boolean flag that indicates whether to explicitly consider hydrogens in the PDB files.
+ scale is a scaling factor between the experimental intensity /.., and the theoretical intensity £y,

0.0 01 02 03 0.4 05
QU

int_0 sets J(0) to a constant value.
neq is a flag that allows for a negative contrast of the hydration shell upon fitting
no_smear disables the data smearing during fitting. & € 3 4 0
« hyd_shell represents the hydration shell contrast as a percentage of the bulk value. The defaultis 5%. If this parameter is omitted, the contrast will be
adjusted automatically during fitting
« conc specifies the sample concentration in mg/mL. The default is 1 mgimL. This parameter is only used when the abs_int option is enabled.
« abs_int enables the fitting of absolute intensity, in +-%.
« bulk_SLD allows for the explicit specification of the bulk SLD (Scattering Length Density) if different from water.
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The demonstration in a nutshell

In [24]: |mmf = multimodelfit([“nodes(}.pdb™ . formet(i) for i in range(1,121)], “prion_iq.dst"}

chi*z fit_file Contributing PDE file(s) Weight(s)

1.04B0776TTT4437 multi_state_model_3_1_1.fit nodes38.pdb, nodes28. pob, nodessD.pdb D772, 0.053, 0.175

1 DE05EA5E438451  multi_state_model 3 2 1 fit nodeslS pdb, nodes3 pdb, nodesBD.pdb 0.774, 0.057, 0.189
1D5T2487802065% multi state_modsl 3 3 1.fit nodes38 pdb, nodes2S pob, nodes3Tpdb  0.773, 0.103, 0,112 .
1.05BS4EET01E541 multi state_modsl 3 4 1.t nodes3Spdb, nodesB0 pob, nedesST.pdb 0,724, 0,184, 0.052 ST E P 10 .
1.05908002436408  multi_state_model 3 5 1.fit nodes38.pdb, nodesTS.pdb, nodes97.pdb  0.779, 0.114, 0.107
1 0B075025830812  multi_state_model 3 B_1 fit nodesl8 pdb, node<AS pb, nodesBD.pdb  0.774, 0.054, 0.173
1.06328246279523  multi_state_modsl 2 1_1.fit nodes38. pdb, nodess7.pdb 0.758, 0.242 . . . . .
| ESASESAS5453¢ mtt te e 71 rodesis s redest g, rodestpss 9778, .143 0.5 Multi model fit usin gcom binations of most
1.08255240004047 multi state_modsl 3 B 1.fit nodes38 pdb, nodes2S pob, nodes3S pdb 0778, 0,138, 0.085

1.08475978390883  multi_stats_modsl 3 9 1.fit nodes3S pdb, nodesS7 pob, nedesSTpdb 0785, 0.102, 0.132 I | ke | y co nfo rm at'o n S .
Figure 13 n

it Get comprehensive output

$ prion_ig.dat

m— rrulti_state_model_3_1_1.fit
s multi_state_model 3 2_
m— mmulti_state_model_3_3_1 fit H H

et Interactive plotting
107 m— multi_state_model_3_5_1.fit
e multi_state_model 3_6_1 fit
s multi_state_model 2 1 1 fit
s multi_state_model_3_7_1 fit

multi_state_model 3 8_1.fit S ave t h e resu |t

e multi_state_model_3_9_1.fit
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EOSC Future and PaNOS

Photon and Neutron facilities are committed to FAIR principles and open data.

Several facilities (but not all) have already on-boarded their data repositories and even
provide infrastructures to work with the data. But at present they all require to be a
registered user of the facility to have access.

Big challenges due to the diversity of science done in PaN facilities and the “user facility”
status (work mainly on samples provided by users, and whole knowledge of the sample is
only available to the external group, not to the facility).

Need to find ways to open data/resources to “non-users” and improve FAIRness of stored
data (electronic logbooks, incentives to users to improve sample description, etc.)
Proof-of-concept for a well defined case. Hopefully extensible to other communities:

powder diffraction, spectroscopy, materials science, etc. Z@Oq"
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