MX automation:
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. SHIPMENT ASSIGNMENT

Shipment is always linked to a session with date

Immutable session date is part of the folders structure

89 shipments candidates for FX89
D Display only shipments scheduled for future sessions or in processing status
Shipment Experiment
Name Status Created on Start on beamline

ESRF FX23 15... PROCESSING 08-11-2024 15-11-2024 ID30A-1 1 parcels / 2 containers (25 samples) - ® x
ESRF FX23 8 SENTTOUSER  01-11-2024 03-11-2024 ID30A-1 1 parcels / 4 containers (62 samples) (4]
ESRF FX23 25. SENT TO USER 17-10-2024 25-10-2024 ID30A-1 1 parcels / 3 containers (38 samples) °
ESRF FX23 4 .. AT_ESRF 26-09-2024 0£-10-2024 ID30A-1 2 parcels / 2 containers (16 samples) c
ESRF FX2313.. SENTTOUSER  05-09-2024 13-08-2024 ID30A-1 1 parcels / 2 containers (20 samples) (4]
ESRF FX236 .. SENT TO USER 29-08-2024 06-09-2024 ID30A-1 1 parcels / 2 containers (32 samples) 6
ESRF FX23 30 SENT TO USER 22-08-2024 20-08-202¢ ID30A-1 1 parcels / 5 containers (64 samples) 0
ESRF FX2326.. SENTTOUSER  12-07-2024 26-07-2024 ID30A-1 1 parcels / 1 containers (6 samples) (+]
ESRF FX23 28. SENT TO USER 20-08-2024 28-06-2024 ID30A-1 1 parcels / 3 containers (69 samples) e
ESRFFX2321 SENT TO USER 13-06-2024 21-06-2024 ID30A-1 1 parcels / 2 containers (32 samples) e
ESRF FX23 14 SENT TO USER 08-08-2024 14-08-2024 ID30A-1 1 parcels / 3 containers (39 samples) 0
ESRF FX237 .. SENT TO USER 30-05-2024 07-06-2024 ID30A-1 1 parcels / 7 containers (112 samples) e
ESRF FX23 12 SENT TO USER 04-04-2024 12-04-2024 ID30A-1 1 parcels / 3 containers (33 samples) e
ESRF FX235 .. SENT TO USER 26-03-2024 06-04-2024 ID30A-1 1 parcels / 2 containers (13 samples) ﬂ
ESRF FX23 28. SENT TO USER 22-03-2024 28-03-2024 ID30A-1 1 parcels / € containers (81 samples) 9
ESRF FX23 4 SENT TO USER 27-02-2024 08-03-2024 ID30A-1 1 parcels / 3 containers (48 samples) c
ESRF FX23 16. SENT TO USER 08-02-2024 16-02-2024 ID30A-1 1 parcels / 1 containers (12 samples) 0
ESRF FX235 .. SENT TO USER 01-02-2024 08-02-2024 ID30A-1 1 parcels / 3 containers (43 samples) 9 W
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. PUCK ASSIGNMENT

89 shipments candidates for FX89
D Display only shipments scheduled for future sessions or in processing status
Shipment Experiment
Name Status Created on Start on beamline
ESRF FX2315.. PROCESSING 08-11-2024 15-11-2024 ID30A-1 1 parcels / 2 containers (25 samples) (+] ® )
ESRFFX238.. SENTTOUSER  01-11-2024 08-11-2024 D30A-1
ESRFFX2325.. SENTTOUSER  17-10-2024 25-10-2024 ID30A-1 i bianie e el ittt |D30A—1
ESRF FX23 4 AT_ESRF 26-09-2024 04-10-2024 D30A-1 (FlexHCDUnipuckPlate
Shipment Parcel Container Container type  Beamline Cell Pasition .
ESRF FX2313.. SENTTOUSER  05-08-202¢ 13-09-2024 D30A-1 BRI R e e P s 5 5
ESRFFX236.. SENTTOUSER  28-08-2024 06-09-2024 ID30A-1 ESRF FX 2024 dewert CpsUBU1 (3 D30A1 v 3 2
ESRFFX2330.. SENTTOUSER  22-08-2024 30-08-2024 ID30A-1
ESRFFX2326.. SENTTOUSER  18-07-202¢ 26-07-2024 D30A-1
ESRFFX2328.. SENTTOUSER  20-06-2024 28-06-2024 ID30A-1
ESRFFX2321.. SENTTOUSER  13-06-2024 21-06-2024 ID30A-1
ESRFFX2314.. SENTTOUSER  06-08-202¢ 14-08-2024 D30A-1
ESRF FX237 SENTTO USER  30-05-2024 07-06-2024 ID30A-1
ESRFFX2312... SENTTOUSER  04-04-202¢ 12-04-2024 D30A-1
ESRFFX235.. SENTTOUSER  26-03-2024 06-04-2024 ID30A-1
ESRFFX2328.. SENTTOUSER  22-03-2024 29-03-2024 ID30A-1
ESRFFX234.. SENTTOUSER  27-02-2024 08-03-2024 D30A-1
ESRF FX2316... SENTTOUSER  08-02-2024 16-02-2024 ID30A-1
ESRF FX23 5 SENTTO USER  01-02-2024 09-02-2024 ID30A-1
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AUTOMATED SESSSION/PUCK ASSIGNMENT

Barcode reader for the dewar

*ESRFO3244608«x

Connection between sample [t Jowar |
changer and LIMS
Puck detection e

Barcode reader for the dewar

@ ® . @ Puck detection
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ity .. . changer and DRAC
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[  unipuck segment
Puck number 2 Add puck to st Bl 5C3 Puck segment
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SINGLE SIGN-ON

On-time and early/late session selection

MXCuBE-Web (0SC)

Energy: 12.8420KeV  Resolution: 2.000 A Transmission:  100.0 Cryo: 10002k

| Semwie change: |
Wavelength: 0.97 A Detector: 386mm  Flux: 2.71e+11 phis m

Phase Control

(- -

DataCollection v
Beam size Sample: AP282 - CD041773 C10-3 Queued Samples (104)

A30 -

Omega

Select a session

360.0

0.0

Kappa Phi
0
‘Sample alignment

MX-2644  ID30A-1 Sw

ium in macromolecular X-ray crystallography st

-3 Jetermination for academic researchers: EPFL, UNIL, UNIG
SL
ID30A-1 Mailin 21-11-2024
% showm -
MX-2647 ID30A-1 Coordinated user access to HTX lab — MASSIF-1 facilities for fragment 19-11 20-11-2024 3 ; 7
screening and new structures. With funding through INEXT Discovery, In
FX-23 ID30A-1 MXpress for GSK 15-11-202409:30:00 15-11-202417:00:00 7} 2
FX-66 D30A-1 Mail-in Ligand screen 14- 15-11-2024: 3 ? 54
MX-2647 D30A-1 Coordinated user access to HTX lab ~ MASSIF-1 fa s for fragment 11-2024
screening and n tures. With funding through INEXT Discovery, In
MX-2654  ID30A-1 Structural Biology at EMBL Grenoble, IBS-CIBB and 1AB 7 Z [
Reschedule  Cance e
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. MULTIPLE SESSIONS

MXCuBE-Web (05¢)

w Mode ~ Fiter Filter options = Add Task to Samples %  Settings ~ Stop queue

£ Synchn + Create new sample
cells E =
Puck 2 | Code : ADD44A [ = Puck3 |Code: ADI22A =
AP282 - CD041906 DOE-1 xi 10
@ 8 e @ MXCUBE-Web (050)
AP2E2 - COO41906 DUS-1 X2 =S AP2B2 - CDO41831 80P s Energy:  12.8420KeV  Resoluton: Transmission: 100.0 Cryo: 10002k e T T T T R
e a o B8 © e & Waveiengtr: 097 A Detector: 86 mm  Fiue 271es1ps oecow I B [ssma
= R fres — - 3303 (wonTED) Phase Control
AP282 -CDO41906 E10-1 x1 AP282 - C0041I08_ A L = s
DR % = & °
G e a [><] e Sample: AP282..COORITT3 C103 Queued Samples (104
- = ) =
AP282 - CDO41906 E10-1 =) | & P282 - CO 7 ™
Omega MPressA
o e @
Path.JRAY_DATAAP282 OE
- wa) [ o e ™ —
MESH (mesh AP2B2.COMITT3 G103 1.2 %05415)
@ e e
KappaPri
E P82 =) -

‘Sample aignment

- = =0 °
[ Ap282 & =
209
‘ AP282 - CD01800 BO3-1 x2 .
= © Log messages
AP282 - CDO4 "
°
°
B °
AP2B2 - COMITIA e
°
= °
311

A single operator runs multiple session in one go

E‘ﬂiﬂ‘_ﬂ_ﬂ‘yﬂ‘ﬂ e-p-8-8.-

Page 9 MX-CuBE Meeting - Trieste - November 2024, D. Nurizzo The European Synchrotron | ESRF



_ [Mx-CUBEUL
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. MX-CUBE QUEUING

Diffraction Plan including the processing plan in LIMS

celz L

Puck 1 | Code : RUGKOM

Page 11

cld

MXPressA  b12p10 - CBBE (3:1:10) [datalvisitorm2649/id30a1/20241110/RAW,

1/20241110/RAW

DATAICASBE/CABBE-b12p10/CA8BE-b12p10 0

MPressA  b12p11 - CIBBE (3:1:11) I

MyPressA  b12p12 - CIBBE (3:1:12) Idatalvisitorimx26491id30a1/20241110/RAW,

DATAICABBE/CABBE-b12p11/CdBBE-b12p11

DATAICABBE/CABBE-b12p12ICd8BE-b12p12

MXPressA  b12p13 - COBBE (3:1:13) datalvisitor/mx2649/id30a1/20241110/RAW_DATAICABBEICUBBE-b12p13/CABBE-b12p13
MXPressA  b12p14 - COBBE (3:1:14) Idatalvisitorimx2649/id30a1/20241110/RAW_DATAICABBEICABBE-b12p14/CABBE-b12p14
MyPressA  b12p15 - CdBBE (3:1:15) I 120241110/RAW D) b12p15ICABBE-b12p15

MPressA  b12p16 - CIBBE (3:1:16) datalvisitorimx2649/id30a1/20241110/RAW.
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. MX-CUBE QUEUING

Design a Sample Changer overview / Puck overview
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. WORKFLOW | MXCUBE REFURBISHMENT

Sample 1
Sample 2
Sample 3

Sample n

XMLRPC

|

___ MX-CuBE
queue

Abstract
LIMS
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(54 functions)

- MX-BES | Ewoks __J

http Server workflow

—

Optical centering
Mesh drawing
Mesh scan

Mesh processing
Line scan

Line processing
Characterization

request
activeMQ
DRAC

__Data collection
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. SOFTWARE REFURBISHMENT

Sample 1
Sample 2
Sample 3

Sample n

XMLRPC

|

___ MX-CuBE
queue

Abstract
LIMS
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. OPTICAL ANALYSIS

optical centering * Loop centering
A set of optical images * Crystal recognition
MURKO / LUCID * Mesh drawing

0 500 1000 1500
1 n n

2500

2000

1500

1000

500

Single object returning the optical features of the crystal inside the loop
(center of mass, position of the crystal, size of the loop, etc...)

S
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. SOFTWARE REFURBISMENT

Sample 1
Sample 2
Sample 3

Sample n

XMLRPC

|

___ MX-CuBE
queue

Abstract
LIMS
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(54 functions)

- MX-BES | Ewoks __J

http Server workflow

—

Optical centering
Mesh drawing
Mesh scan

Mesh processing
Line scan

Line processing
Characterization

request
activeMQ
DRAC

__Data collection
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. X-RAY CENTERING

* Best diffraction centering
* Crystal size

* Crystal homogeneity

* Resolution limit

Diffraction alignment
A set of diffraction images

Diffraction signal Crystal map

5 4
10 A
15 4
20 A
=
5
30 A
35 4
40 4

PAGP NP O

Single object returning the diffraction features of the crystal
(best diffracting volume and position, size of the crystal, , etc...)
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Questions still under discussion:
" Common definition of automated/unattended DC
" Long term perspective for the DC model
" Granularity of the abstraction
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Macromolecular Crystallography
And
Structural Biology at synchrotron



. MASSIF-1 AUTOMATED DATA COLLECTION

Automation for Room Temperature experiments

* Crystal Direct Harvester

* |n-Situ data collection

.....

The European Synchrotron | SRF
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. MASSIF-1 AUTOMATED DATA COLLECTION

Automation for Room Temperature experiments \'{

* Crystal Direct Harvester

»

Crystal Direct technology

HEOa
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. MASSIF-1 AUTOMATED DATA COLLECTION

Automation for Room Temperature experiments

* |n-Situ data collection

ahii,
e
e e
S

------
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. MASSIF-1 AUTOMATED DATA COLLECTION

Automation for Room Temperature experiments

* |n-Situ data collection

P
b
B
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. MASSIF-1 AUTOMATED DATA COLLECTION

Automation for Room Temperature experiments

* Crystal Direct Harvester

* |n-Situ data collection

Y

HTX-request

Harvester

In-situ

Crystal Screening

>
*7| Diffraction

Y

RT data-collection
osc

R.T Multi-crystal

Serial

A

Data reduction

Y
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. CURRENT EEATURES

Main:

Q axis (SOC<1um)

Centering table
Alignment table
Apertures
Capillary
Beamstop
smartMagnet
OAV camera
Scintillator

Fluo det translation

Page 29 SB Day out - October 2024, D. Nurizzo

Protein microcrystals and the design of a microdiffractometer: current experience and plans at EMBL and ESRF/ID13

Perrakis, A., Cipriani, F., Castagna, J.-C., Claustre, L., Burghammer, M., Riekel, C. & Cusack, S. (1999). Acta Cryst. D55, 1765-1770.

Ancillary:

Mini-Kappa

Plate manipulator
Fluo det translation
Luciole control

REX control

Shutter control

Flex communication




. PMAC - DELTA TAU

PMAC

> Motion

USGI’ — Program

Clock (quartz)

v

U

A 4

RTI

A 4

Trajectory generator

Axis regulation

> (PID)

T Position VS
>

Axis regulation

(PID)

Clock at 39MHz (25.64ns)

RTI (servo cycle
3.33 kHz (300us)
5 kHz (200us)
9.09 kHz (110us)

@
@
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. MOTION PROGRAMME

motor ¥ During the traject th t
" uring the trajectory, the motor Deceleration
position position is adjusted by the PID with =
(Q) the following error
v end
Total exposure time of the DC |
(constant speed) .
start _@ i
Acceleration | |
PVT mode | RTI = 110, 200, 300us
<_‘_|>II|||II||II|||I|||II||II|||III|II|||II||II|||I|¢

time
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. MOTION PROGRAMME

motor *
iti Deceleration >
position DC calculation (gate mode):
(Q) * Exposure rounded to the closest
number of RTIs end
* Readout rounded to the higher /
number of RTls i
Drawbacks (gate mode):
. * The starting and ending
! position are maintained
! * The speed is reduced
start *  No control in positioning
A/?/v Detector i
Acceleration iTriggering command
PVT mode | | RTI = 110, 200, 300us
<_‘_|>|||||IIIII|||||||||||||||IIIIi||||||||||||||III¢

LYJ time

Detector
is triggered (ext trigger)

The European Synchrotron ESRF
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| SSX CONTROL UNIT ON ID29 (FPGA)

Clock at 50MHz (20-ns)

Auxiliary Detector LED Camera  gynchronization
Outputs Flash  Trigger Signals

¥~ =8

' TO DETECTOR | TO SHUTTER

mﬂ

GPIO Shutter Chopper  Serial COM
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. TRIGGERED TIME BASE

PMAC
Clock (quartz — 39MHZz)
Detector signal ¢
exp |readout : >
Motion
- Program RT]
time 3.33-5-9.09 kHz
|_| A 4
Fast clock Trajéc%ory generator AXxis regulation
A > (PID) |C—>
Input| ,
J “ I_I [ L AT VS Axis regulation
= (PID) |
time
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| TRIGGERED TIME BASE

motor 1 Real time synchronization Detector- _
position trajectory Deceleration e
(Q) Correction of the trajectory at the
frequency of the fast clock en
Characterization of detector delay A,Q

Diagnostic of positioning with
incremental encoder

start

Acceleration

Fast clock (1024kHz) triggering
on PMAC encoder input

[
>

, exp readout

<_‘_|_|||III|||||||III||||||||II||||||||II||||||||II|;

time
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Macromolecular Crystallography
And
Structural Biology at synchrotron



_JCONTENTS

Theory

Crystallogenesis N
Crystal symmetries frmercon - 4
X-rays
Diffraction
Phase problem

optics L
Practice —ym—vs'

6. Crystal harvesting e

7. Data collection

8. Data processing .
. metal base mounted on the goniometer g

9. Solving structures feig e MO IARSS) protein crystal

10.Examples structure

video monitor
for the crystal alignment
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2
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LOCK-AND-KEY MODEL (1894)

actin & myosin

insulin

immunoglobulin

(antibody)

hormenal
contractile protection
\ hemoglobin
rhodopsin PROTEINS:
Types and Functions
receptor Iransport
a enzyme
Zi]’a storage/
P
RUBISCO
spider silk ferritin
structural
Substrate
Active Site
—_— e
Enzyme Enzyme-Substrate

Complex

PhD Course - Lecco, July 2024, D. Nurizzo
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Enzyme-Products

Emil Fischer (1852-1919)
Nobel prize in Chemistry(1902)

Products

v

Enzyme
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PURIFICATION

Molecular
biology

; : Cell growth and g
Transf I
® ransformation @ Selection protein production @ Cell lysis

Gel filtation

Plasmid with

gene of interest R s /\

H\@é!@

Fluorescence analysis @ SDS-PAGE @ Dialysis @ Affinity chromatography
Q |
B -
i / i Porous
d ) . B polymer beads
el | Yo )
R
Loading wells .. SDS
Cathode (=)

] Protein mixture is added

_— T
" 1 to column containing
| ; cross-linked polymer.

Stacking gel __|
E B e

]

o gy .

-g s Protein molecules separate I

< - Glass plate by size; !Hrger mo]ecqles : |
S D S - PAG E i Resolving gel pass more freely, appearing | ]| |I@/[T] || |

o T in the earlier fractions. 1 2 3 4 5 §

electrophoresis m,)ﬁai
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. CRYSTALLOGENESIS

4 Phase
diagram
Supersaturation
" FID Precipitation
zone
p—
£
[T} Nucleation
= 1 e
° ...............
| -
o Dialysis
L R, T
Vapor ;
diffusion :_.-"
' ¢, Metastable
Undersaturation zone

[precipitant]
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. CRYSTALLOGENESIS

o Phase
diagram
Supersaturation
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. CRYSTALS

Steno’s Law (1669)

The on crystals of any solid
chemical or mineral species and are characteristic of the
species. The interfacial angle is measured between face normals.

The law constant of interfacial angles
, Whether they are natural or hand-made, regardless of size or
provenance.

NICOLAI STENONIS
DE SOLIDO
INTRA SOLIDVM NATVRALITER CONTENTO
DISSERTATIONIS PRODROMVS.
4D
SERENISSIMP M

Diamond vs Graphite FERDINANDVM IL

MAGNVM ETRVRIE DVCEM.

C d

Veyrahedral “Trigonal Planas
- - —_ 2 D

Colorless Bla ok FLREN]JE

Ex Typographia fub figno STELLE MDCLXIX,
SFPERIORYM PERMISSF .
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. 7 LATTICE SYSTEMS

Rho;::lohe Orthorho Monocli Tricli

mbic nic nic

Cub Hexago Tetrago
ic nal nal

v

e
g
e

e

The European Synchrotron | SRF

Page 45 PhD Course - Lecco, July 2024, D. Nurizzo



BRAVAIS LATTICES

= e JOURNAL

Crystal family | Lattice system (sehonflies Primitive G
notation) P) (s) [0} )
Triclinic (a) c n
T
aP
Monoclinic (m) Con 4@ 3 P
3 5
mP ms sUn
i TEMES FORMES ' —
LES SYSTEMES FORMES PAR DES POINTS
Orthorhombic (o) D b ‘ 3 ‘ 3 ‘ § DISTAIBUES REGULIEREMENT SUR UN PLAN OU DANS I/ESPAGE .
3 3 5 . Auguste Bravais(1811-1863)
® o o ok Pan M. AVAIS,
Lieutenant de vaissean, Pro a P'Eco Polytechnique
Tetragonal (t) Dan: @‘ @‘ » 1a 11 décambre 1848.;
[l
§1 DEFINITIONS PRELIMINAIRES.
Rhombohedral Dag Pour obtenir un systeme de points dist went dans 'espace,
prenons deux points acbitrairement , et je ignons-les I'un a l'autre par une
Hexagonal ligne droite que nous prolongerons indéfiniment dans les deux sens. Char-
" geons cetle droite d'une série illimitée d'autres points, tous équidistants
entre eux, et séparés par un intervalle constant, égal i la distance des
Hexagonal Den 1 3 thon .
deux points primordiaux. Le systéme rectiligne de ces points équidistants
recevra. dans le cours de ce Mémoire, le nom de Rangée. L'intervalle
fondamental qui sépare deux points voisins sera désigné sous le nom de
paramétre de la Rangée.
Cubic (c) On a F p i Prenons une deuxiéme Rangée de méme parametre; placons-la paralléle-
2 @ ment a la précédente, dans une situation relative arbitrairement choisie, et
P a ) tomd e qui, de si
joignons entre elles ces deux Rangées par un plan géowéirique qui de sa

XX XIII Cahier 1
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. 14 BRAVAIS LATTICES

R = ni1ai1 + Nodo

Crystal family | Lattice system

Triclinic (a)

Monoclinic (m)

Orthorhombic (o)

Tetragonal (t)

Rhombohedral
Hexagonal
(h)
Hexagonal
Cubic (c)
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Point group
(Sehanfiies
notation)

Ci

On

Primitive
(P)

@;@mﬁ

=

5
°
Q@U

P

i

B

14 Bravais lattices

+ n3as

(s)

B
ﬁ

y

(V]

[
@

(F)

oF

Bravais Parameters Simple (P) | Volume Base
lattice centered () | centered (C)
@1 ?é az 3‘ as
Triclinic oz # o # am
e #ar a3
aga = am = W°
Monoclinic g # 90°
[]
ey # ay # aa /.
Orthorhombic | oyq = agg = ag = W°
ey =a; # a,
Tetragonal g = gy = ag = H°
& =a; = da
Trigonal g = gy = agy < 120°
a4y =3 =
Cubic oty = ergg = ez = H°
I
e =a; # a3 s,
g = 120° 7
Hexagona] frga = gy = W ',

Auguste Bravais(1811-1863)
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. 32 POINT GROUPS

A group of point symmetry operations leave at least one
point unmoved. Lattice translation is not considered in

point group.

Crystal family Crystal system Group names
Cubic 23 | m3 432 | 43m | m3m
HEKEQEI‘IEI 6 E E,'rm 622 | BMM EmE &/mmm
Hexagonal - _
Trigonal 3 |3 32 | 3m | 3m
Tetragonal 4 |4 |[% 422 | 4mm | 42m | 4/mmm
Orthorhombic 222 mmsz2 | mimim
Monoclinic 2 i m
Triclinic 1 (1
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Johann Hessel (1796-1872)
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. 230 SPACE GROUPS

Hermann-Mauguin symbol
(internat. Table vol. A)

P2y2424 Dg 222 Orthorhombic ©&
No.19 P21 Patterson symmetry Primtm
P222, F222,
1
< k1, booobooon
T T —
I o~ -
§T T S
' ' - -
P . — § § a
] T y y
| | It ls It
P222,
It i H
o b7 o Evgraf Fedorov (1853-1919
(9] @]
3 § § O 0
-0 Triclinic None
- - ol Monoclinic® [010] (*unigue axis b")
7‘7 O+ O+ [001] (‘unique axis ")
0 b
li i li Orthorhombic 1100] [010] 1001]
Origin at midpoint of three non-intersecting pairs of parallel 2; axes Tetragonal [oo1] 1100

[170]
[110]

(i)

Asymmetric unit 0<x <12 0Ly €12 0251

Symmetry operations Hexagonal [001]

W1 @ 20.0.12) 14,0, (3) 20.12.0) 0y 14 ) 212.0,0) x.14,0

Generators selected (1); (1, 0, 0); 40, 1, 0); 40, 0, 1); @) (3) Rhombohedral [001] [100]

€ LI
.l’mmns (hexagonal axes) [010]
Multiplicity, Wyckoff letter,

Site symmetry Coordinates Reflection conditions

Rhombohedral [111]

4 a2 1 Mxy.z @ x+12, 32412 Gyxy+12,2+12 @x+12, 3+12. 2 (rhombohedral axes)

Cubic [100] [110] [110]
[010] [017] [o11
[001] [io1] [101
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. SPACE GROUPS IN MX

Combination of point

. . . Crystal family | Crystal system Group names
11 pOInt group In prOtelnS Cubic 23| m3 432 43m | m3m groups and Bravals |attICES
Hexagonal ' 6 (6 |54 622 6mm Bm2 |6/mmm
Hexagenal Trigonal 313 32 | 3m | 3m Ieaves for
Tetragonal 4 |4 |4 422 4mm | 42m | 4/mmm proteln Crystals (Ch”‘al
Orthorhombic 222 mm2 | mmm b.
Monoclinic 2 i m 0 JECtS)
Triclinic 1|1
1 4 Ir.(‘ d P 422 ! -
2 222 5 6 6229 8 ’
. . N
N X o [ T /i f" \
NN i) AN PR ] =Yy ph-2
i \ Y “‘,_EN:_"IL,.__ 2 1 S s -’éﬂa :{ 3;" jl}’w;
L-alanine D-alanine L-alanine g v\ N\ U \ {{ &
’ 4:332 .'7:\'. 3
Combination of all point symmetry A 1@ __ {\\
. . A f b O e
operations generates 32 point N\ ) ZLSUEIN,
. JU S~ LN
groups but for proteins, only 11 AL/ SSG [P
are allowed RN/ A
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. PROTEIN CRYSTAL

. . crystal
Crystal is a convolution of the molecule 7>
over the lattice molecule  ALiess Fec

Foe el ‘e
u.u_“ H-“

© 000

© 000
&6 2 © 0 00
“%ﬁ* " e @000 = /] /] A

o ©o06o0090 protein// / / /
© 000 | |
©o 000 /8 el al

] ‘asymmetric

unit cell
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. HOW TO PROBE A CRYSTAL?

Point source

o3

Feature to be resolved

Diffracted

heam
< Direct dmln

heath

Ernst Abbe (1840-1905)

The limit of resolution (or resolving power) is a measure
of the ability of the objective lens to separate in the
image, adjacent details of the object.

n is the refractive index.
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. HOW TO PROBE A CRYSTAL?

Radio

Microwave - IS
< i
’ % lightbulb

ek b

oA
&

i |
AC Power Televistion Telephone Satellite Sunlight Medical X-ray Radioactive Sources
Radio Waves Micro Waves Infrared ll!trd vmlet X-ray Gramma rays
Radiation Type “ r < >

Wavelength (m) \/\/\/ wm/\/

Approximate scale & f‘ﬂﬁ @
of wavelength ~ S=SsiSis i)
Buildings Humans Butterflies Needle Point Protozoans Molecules Atoms Atomic Nuclei
| |
108 106 ]04- 102 100 102 -6 -8 -10 -12 10*14 1046 10’18

Page 54 PhD Course - Lecco, July 2024, D. Nurizzo

The European Synchrotron | E



. X-RAY AS A WAVE

wavelength

amplitude

Ll

Ve \/ YA

The European Synchrotro IESRF



. XRAY AS A WAVE

A complex number may

Im ‘ | represent a wave, defined by
leP=cosp+ising an Amplitude and a Phase
! (Euler and trigonometric
functions)
: =F
sin @
(
% -
U COs (]I.l 1 RE: sinfx)
T1
\—/ e 180°W{2m
T-05
+-1
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. X-RAY PRODUCTION

Vacuum

William Crookes
(1832-1919)

Wilhelm RoOntgen is usually credited

as the discoverer of X-rays in 1895 Medical

applications of
X-rays
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. MONOCHROMATIC BEAM

~50% of the the Cu Ko is transmitted

Rotating anode (~10%° ph/s/mm?)

) Focal spoton | CuKal. 2
Filament and tungsten target - @SS enveiope
electron cloud Vacuum

V b . .~ Copper A
\j\ stem

< 1
— 1

@ + Numb ! . .

— umber - 1 Mass absorption of Ni

| of X-ray 1 e
Electronic || —~7/— photons : -
focusing -~ =, N(E)dE ! o
cup : g

I
[ 4

Cathode (-) Tube/ \ Anode (+)
window Useful x-ray beam

>
————» Wavelength/ A
4— Energy/J
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. WHAT IS A SYNCHROTRON 2

photons/s/mm?/mrad?/0.1%BW

Ultra low emittance
storage ring 4thgeneration ESRF-EBS o —

ESRF(2014) @
3rd generation

ESRF(1994) @

undulator
[ ]
2nd generation

wiggler L]
° 15t generation

X-ray tubes
L]

[ ] ] ] ] ] ]
1900 1920 1940 1960 1980 2000 2020

Year
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. HOW DOES IT WORK?

Experimental
Hall 2
{

Experimental BMz26
H

all 1

. i e
anz3 224 /'/ —

Linear
Accelerator
{Linac)
Booster
Synchrotron
ID15A+B. 7
BM1 h.r_ﬂ_ Storage ring //
1014 = £
101 T
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Central building

129 p304+

Control room

Source Intensity Spectrum A
x Ne\eclmns E
insertion device Bending magnet
hior
bending magnet W|gg|er x Ne\eclrcmsx NDD\ES a l
hor
2
x Ne\eclronsx (Npoles) F
-ray b ‘ 'y ‘
x-ray beam Undulator s
2 2
x (Neleclmns) X (Npo\as) F

+__

7.

Free Electron Laser

he

Laboratory and
B office building

|Permanent magnets|

}

.
1003 100z

Electron trajectory|

L BMOS
D06

| ESRF
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. WHAT IS A BEAMLINE?

Experimental Hutch Optics Hutch

44.90m Lead Wall 36.96m 34.34m 30.00m

o?ro\s: ics D

; 1. 2 ' - 2
aghostics ,Diagnostics | Diagnostics
' U

g // \\ - G { I //
} Piezo Shutter \ Secondary ID23-2 ID23-2
Experimental and Toroidal Sits \ Monochromator ID23-1
ADSC 315 Table Slits box ~ Safety i Primary Slits
Batets Shistter Mirror Monochromator

Diffractometer

finsicle the sherage ring)
El cancrete wiall
experimental huich [3] eelychrematic synchratron
radiaton beam
pple [a]
[3] tabl supporting the sample [5] atterwator
detecior [6] curved mirror
@ heamsrop monachromator
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Size
<30um g

Flux
> 102 ph/s

Energy resolution
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. DIFFRACTION

Waves interfere constructively in specific
directions

Single Slit Diffraction

Barrier with narrow slit
- l Double Slit Diffraction

Light Intensity

— —_—

Plane waves through a slit -
slit becomes source of spherical waves

Light Intensity

v
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. X-RAY DIFFRACTION

Max Laue's photo of X-ray diffraction from
Zinc blende ZnS (Zn sulphide) cubic face
centered (F3m)

. L
s -
- -
&
# rl L - -

’ s B L Max von Laue (1879-1960)
B | Bk Nobel Prize 1914
L] . ' L

. ]

L] - - ¥
- -
- - - -
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. BRAGG'’S LAW
Bragg ditfraction describes the condition for

constructive interference from
monochromatic waves, with amplitude and
phase, reflected by planes in the crystalline

material
nA

W. H & W. L Bragg
(1862-1942) — (1890-1971)
Nobel prize 1915

® .
atomic
plane T

atomic l
plane
L

/A
dsse\k/ .

2
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. BRAGG'’S LAW
Bragg ditfraction describes the condition for

constructive interference from _—
. . . -. Amplitude
monochromatic waves, with amplitude and el 5 N
phase, reflected by planes in the crystalline . /\ /\
. ©
material gy onf  \an anf
g \/ \/ Phase (¢)
nA
N zn A\ zIN zn ZN N N ZN
Ly y y /ly Ly o N /. INE \¢ y
(001) (100) (010) (101) f-i_10) (011)\ '(-{_11) (111) (171)

Each plane gives a spot of diffraction and this spot is defined by a triplet of integer hkl/
(Miller indices) in the reciprocal space

7
The European Synchrotron | ES
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. EWALD SPHERE

Detector

Incoming
Hray

L g Crystal

Ewald Sphere
=1/A

=

Each diffraction plane is
represented as node
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. CRYSTAL DIFFRACTION

Im‘

e'Y=cos @ +ising
=F

sin ¢

v -
Ofcos @ 1 Re

The 2D detector measures
Intensities of the diffraction peaks
BUT ....
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. DATASET STATISTICS

[ overal | mnershei | ouershel A

randomly sets of reflections

Resolution (A) 50-1.40 50 - 5.7 1.47 - 1.40
correlates
Rnerge 0.052 0.022 1.047
Rineas 0.065 0.027 1.314 <I>/o(l) Intensity of the reflection
Roim 0.038 0.015 0.785 over the error
CC,, 0.997 0.995 0.474
# observations 571512 9792 43402 Completeness, ratio between the
Pp—— B71E1 2994 9827 # of unique observations and the
<>/o() e o~ > total # theoretical reflections
Completeness 0.929 0.88 0.745 . e s .
" It'pl' ) i » s Multiplicity, ratio between # of
e ' ' | observed and unique reflections
ZZ\J hid)—1I (il ) Z 1(hki) \;l/n—l(%g‘éhk 1(hk)
__ hkl i= R hH R __ hKl
merge n meas — p:m

AL Z Z 1,(hki) > Z 1,(kd)

hkl =1 hkl i=1 hikl i=1
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. WHY RETRIEVING PHASES

1e electron density over the volume of the ce
ourier transform)



. WHY RETRIEVING PHASES

w [F v T la

Phases are the most important information to
obtain

& F w - F_ 13




. THE PHASE PROBLEM

i : Im‘ .
he electron density over the volume of the cell: ;,' "= cos ¢ + i sin ¢

O =F

sin ¢

How to retrieve the

@

phase? 0|cos ¢ 1 E;
Direct (< 1000 non hydrogen / ua)
SIR. MIR Isomorphous The 2D detector measures
’ = Intensities of the diffraction peaks
SIRAS, MIRAS Replacement =" P
MAD, SAD ) |

MOleCUIar Replacement The European Synchrotron | @



HEAVY ATOM DERIVATIVE

Soaking, noble gazes
co-crystallization, Se-Met derivative, ....

rrrrrrrrrrrrrrrrrrrrrr




. HARKER CONSTRUCTION

Re Re

T
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. THE PHASE PROBLEM

i : Im‘ .
he electron density over the volume of the cell: ; "= cos ¢ + i sin ¢

O =F

sin ¢

How to retrieve the

@

phase? 0|cos ¢ 1 E;
Direct (< 1000 non hydrogen / ua)
SIR. MIR Isomorphous The 2D detector measures
’ = Intensities of the diffraction peaks
SIRAS, MIRAS Replacement =" P
MAD, SAD ) |

MOleCUIar Replacement The European Synchrotron | @



. FRIEDEL’S LAW

When incident X-ray energy matches the binding energy of the electrons
of the heavy atom, the absorption of X-rays increases.

The scattering factor of the HA takes the form of :

Friedel’s law is broken:
F(hkl) # F(-h-k-I)

Iy { ; ' scattered photon

incident photon
Te-emitted photon
(flnorescence)
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. ENERGY SCAN

| SAD is a single wavelength data collection (high
fo— o E remote, peak or inflection)

\/f//‘ MAD is a 3 or 4 wavelength data collection

Kramerz-Kronig transform of Se MAD zcan

E

10

Electrons

_15 L
12850 12300

12450 12500 12550 12600 12650 12700 12750 12800
Ererqy [eY)

The European Synchrotron | ESRF
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. SOLVING THE PHASE PROBLEM IN SAD/IMAD

Anomalous differences are
smaller than for HA.

However, the great
advantage of anomalous
phasing is that we can use a
single crystal (no need for a
native data set).

Seleno-methionine has been
the silver bullet for the last
two decades

The European Synchrotron | SRF
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. THE PHASE PROBLEM

[he electron density over the volume of the cell:

-

How to retrieve the [R]
phase? -

A =A[R]+T

A’

(unknown molecule)

(known molecule)

Direct (< 1000 non hydrogen / ua)

SIR, MIR | Isomorphous
SIRAS, MIRAS Replacement
MAD, SAD

MOleCUIar Replacement The European Synchrotron | @



The Patterson function
(phase zero inverse Fourier):

P

R-factor for the translation function:
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. THE ROTATION-TRANSLATION EUNCTION

Target structure Target Patterson

° ]
@
O ® @
® e ®
®
Search model Search model Patterson
@
. @
]
®
@]

rotating Search model Pafterson  Matches target Patterson

EARE

The European Synchrotron |
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Automated synchrotron
STRUTURAL BIOLOGY

at
MASSIF-1

—1{ THE LAB IS NOW ACTUALLY,
[ | FULLY AUTOMATED| | RECORDS SHOW
| AND oPERATING [ ONE HUMAN
AT MAXIMUM SCIENTIST
EFFICIENCY. REMAINING.

THAT'S DEFINITELY A
MISTAKE. N0 HUMANS
AROUND WERE. TUST US
ROBOTS! BLEEP BLOOP!

The European Synchrotron | SRF
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. MASSIF-1 LAYOUT

uz212
Undulator

Bragg's law is used also for defining
the energy with the monochromator:

Primary white

beam slits
28.043m h

White beam
CRL 41.107m

Diamond [110]
H'IOHDC"]TOI’T‘I&I‘DF

43.040m .
Monochromatic  Secondary slits

CRL 44.337m 46.015m

Pre sample slits
49.130m

MASSIF-1

Detector

Sample

\ 49.538m

MASSIF-2 and 3

Bowler, MW, Nurizzo, D et al. JSR, Volume 22 | Part 6 | November 2015 | Pages 1540-1547 |
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. EXPERIMENTAL HUTCH

* Fully autonomous beamline
* no user control
* data collection optimized for every sample

* Flexible booking, queuing system

* Fully automated data collection from any sample
either room or cryogenic temperatures with complex
strategies and optimized parameters for each sample

* Flex HCD Sample changer — 396 samples capacity

* Pilatus3 6M

* Arinax MD2S diffractometer with mini-Kappa

* CrystalDirect Harvester

The European Synchrotron | ESRF
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. AUTOMATED CRYSTAL HARVESTING

¥ (o] o ] e

O Quwin
dododoEEROOOCO
DOEEEEEOOO0O0
EEEEEEEEOOOO
OEEEEEEEOOOO
IEEEEEEEOOOO
EOEEEREEOOOO
- INNEEDEECEEE
OEEEEROEOOOO

Crystal Direct technology
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. AUTOMATED CRYSTAL HARVESTING

e e B e e e V]

O0000OREEECO000 o o
OOEEEEE00000 ? 20 (Rack:2-5c:4) |
[ [ [ o o o —

[S[]
EEE
EEE
- mEE

O (@i

Crystal Direct technology
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. AUTOMATED CRYSTAL HARVESTING

e 1, COHENI -

L e
O Qi

dododoEEROOOCO
DOEEEEEOOO0O0
EEEEEEEEOOOO
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. COURIER DELIVERY

Dry shippers are delivered daily
at the beamline as part of our
queuing system

Delivery if free of charge for
Academic Users

e
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. CRYSTAL TRANSEER
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. OPTICAL LOOP ALIGNMENT

No restrictions on
the mounting
system

Optical defects /
might be S
disastrous B

Svensson, O., Malbet-Monaco, S., Popov, A., Nurizzo, D. & Bowler, M. W. (2015). Acta Cryst. D71, 1757-1767. .
e
S

------
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. X-RAY ALIGNMENT

F

-

The centering table fitted on the
% axis brings the sample at the
center of the camera and in the
X-ray beam

X-rays
>

R
jrel
o

90

i Characteristics such as beam size
: and flux as well as crystal volume
i lead to highly optimised data

VAR collection
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. CHARACTERIZATION

— 2 = e = f20— Fe?
B Cell parameters a,b,c, a.fy ..
Point group (Bravais type) o \

sino/L

The total rotation angle to collect the
entire reciprocal space

The expected resolution according to

(B - o the crystal size and beam size
= = = =

Check the quality of X-ray
centering (feedback loop)
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. DC STRATEGY - RADIATION DAMAGE

RT/all (%) Total PDBs

- -
h - - L o 40000
H H | I I AR | .
DC is mainly done (>90%) at " §iyyissssaeaseinizsiiissia m
cryo-temperature
10"
RD is visible even at cryo-
temperature
Exposure time / transmission is gt _ 42, ®
adjusted to collect a complete | [ i
data set without theoretical RL -y
. [ w— 1.53—1.40
(Henderson limit = 20MGy) — 140130
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DATA PROCESSING
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. SOLVING THE PHASE PROBLEM

SAD

look for anomalous signal look for a model in the PDB with
comparing F(hkl) and F(-h-k-1) in same cell or use the model

XDS provided by the user

Find the heavy atom site(s) with Run the molecular replacement
SHELXD (Rotation and translation function)
Run density modification (NCS, Refine the MR model

solvent flattening, histogram
matching) in both hang
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. DESIGN OF MEMBRANE PROTEINS ANALOGUES

Computational design of soluble and functional membrane protein analogues. Casper et al. Nature DOI: 10.1038/s41586-024-07601-y
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. FATTY ACID PHOTODECARBOXYLASE
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Fourier transform infrared spectroscopy i Quantum chemistry
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crystallography R-CO0~
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An algal photoenzyme converts fatty acids to hydrocarbons. Sorrigué et al. Science. DOI: 10.1126/science.aan6349
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During a protein crystallography experiments, most of the X-ray photons that interact
with the sample...
a. damage the sample, and only a small part contributes to the diffraction pattern
b. contribute to the diffraction pattern, and only a small part damages the sample

c. cause fluorescence in the sample

':';‘:EL':':'_
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How can synchrotron radiation be advantageous for protein crystallography studies?

a. Because of its high level of automation

c. Because of its high stability
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Why do we collect diffraction data at 100K?
a. Crystal quality is higher at 100K than at room temperature

b. To reduce the size of the cell

d. Crystals are easier to carry at 100K
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Why proteins crystalize only in 65 space groups out of the 2307

b. Because their molecular weight being too high

c. Because of the water molecules surrounding the protein in the mother liquor
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What is mathematical relation between the electron density and the amplitudes?

a. Alinear regression

c. The square root
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