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Outline

e The P11 beamline at PETRA Il

« User Interface

* Remote data collection

« The 2020 year
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P11 — High Throughput MX beamline at PETRA lII

1) Crystallography experiment
* In user operation since 2013
* Broad energy range: 5.5 - 28 keV

» High-speed sample changer with capacity
(23 unipcuks = 364 samples)

Various focusing options (beamsize from
4 x 9 to 200 x 200 um)

Pilatus 6M, Eiger2 16M (permanent)

XRF for experimental phasing (SAD/
MAD) and element analysis

Serial crystallography
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2 KB Systems: Q
» 18t KB system: 2 hor. and 1 vert. =

. . . 2
deflecting mirrors for generation = ﬁ Undulator
of a secondary source at 65.5m BPM  gjits

Mono
BPM '
Slits

Intermediate focus
(virtual source)

focusing
KB-System

5,
° Flexibility in beam size and flux by mirror
bending and apertures:

Flat=> 200 x 200 3.1e12 800

Focused=> 200 x 200 6,45e12 360

100 x 100 1e13 40

50 x 50 1e13 10

20 x 20 1e13 1,6

DESY. 4x9 1e13 0,17



CrystalControl

* Inhouse-developed Python-based GUI for standard MX applications including
SAD/MAD phasing

CrystalControl - o x
File Tools
e SRR | e
Collect | Log
Sample changer overview 3| @ Standard collection
" puck2 Start angle 0.000° g Scm oL
: :32:3 use current Open fast shutter |  Close fast shutter
: :z::g Number of images | 1800 s Energy
i ::g:g Deg/frame 0.100° s Current[1200016eV |
P Pucke Exposuretime  [100.0 ms s set  [12000.16 s
: :32: E Y] Start XDS after’ | dagraes #| Transmission
: :XEE ﬁ Al 0um :
" uck 10 et
$ puck 11 Set 10000% [)(m
: ﬁ:ﬁ: %g Beamsize
P puck2 Focus Flat :
+ Puck 23 Pinhole None .
Collimator
Collimator in Collimator out | ®
Cryojet
Cryojet in Cryojet out
Anneal 05s v
Resolution
Detector distance | 322.0mm | ®
Sample alignment Resolution limit | 1.80 A =
Image and illumination
Zoom level overview Front illumination === s Screening
Gain 0dB - Inline illumination s - Grid scan
Exposure time 52 us - Back illumination s » Name Run number
Mount Demount d < Iris »| 4| Spot |[m»]| |Lysozyme ]
Home Position Cool Position ¥ Auto exposure v Auto gain Backlight in Backlight out ke
[/gpfs/currentiraw/LysozymelLysozyme 001 | 1 l
Deice manually
Start Set manual mount position
10 samples o data collection and open hutch

» Expert mode for beamline support (apertures, rotation axis, beam position...)
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DESY.

rystalControl

CrystalControl - o x
File Tools
e e || R - - | e |
CoTct[ Log
e overview * Standard collection Shutter
; 25:% Start angle 0.000° 3| Qpsn 851 ‘ Closs 851 ‘
; m‘c::i G | Open fast shutter || Close fast shutter
i xgtg Number of images 1800 %+ Energy
;' ::‘c:t ; Deg/frame 0.100° 2 Current [12000.16 eV ]
P 22: 20 Exposure time | 100.0 ms 3 set  [12000.16 13
: ::.‘25 }11’ ¥ Start XDS after |5 degrees s
- R u o —
i 23 }g Current _
; xgt }; Set 100.00%
QI* zgt ;g Beamsize
i ::2:: ;; Focus Flat =l
® Puck 23 Pinhole None $|(m]
Collimator
| Collimatorin | Collimator out [m |
Cryojet
Cryojet in | Cryojetout |
[ Anneal [05s v|
Resolution
Detector distance [322.0 mm [
Sample lignment Resolution limit [1.80A |3
Image and illumination
Zoom level overview % Front illumination 71 Screening
Gain |0 a8 s Inline illumination Grid scan
Exposure time \52 Hs Is4 Back ilit ion Name Run number
Mount ] Demount < iris [»| 4| Spot |»| |Lysozyme ]
Home Position ” Cool Position ¥ Auto exposure v Auto gain Backlight in Backlight out z:fes;currenUrawlLysozyrnelLysozyme 01 ] Pi 1
[ manually |
Start Set manual mount position
[10 samples ‘ data collection and open hutch
——

Sample changer : Puck and sample selection
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CrystalControl

Collect

Sample changer
@ Puck 1
+ Puck 2
+ Puck 3
+ Puck 4
# Puck 5
+ Puck 6
+ Puck 7
@+ Puck 8
+ Puck 9
+ Puck 10
# Puck 11
@ Puck 12
+ Puck 13
+ Puck 14
@ Puck 15
+ Puck 16
+ Puck 17
# Puck 18
# Puck 19
+ Puck 20
+ Puck 21
@+ Puck 22
= Puck 23

Demaunt

| Home Position | Cool Position |

Deice
|10 samples 5

Standard collection

| Shutter

Start angle 0.000° %]

use current

Number o mages
Deg/frame

Open fast shutter || Close fast shutter |
Energy
Current |1

Exposuretime  100.0 ms

00

Set  [12000.16 13

“

v Start XDS after |5degrees 3|

Screening

Transmission

T —
Collimator
Collimator out |[m
Cryojet
Cryojetin
Anneal [05s ~|
Resolution
Detecor istance [322.0 mm 2/ m
Resolution limit | 1.80 A @

Grid scan

Name Run number
|Lysozyme |[x ]
Folder

[fgpsic ysozy yme_001

i

Start
data collection

Set manual mount position
and open hutch

DESY.

Crystal View: zoom selection and 3 clicks

centering
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CrystalControl

File Tools

| |
Collect | Log |

CrystalControl =l Tt

= ] X state : Ready for
N | T a2

Sample changer E -:l‘ overview | a W Sk
$ puck - — [EE] OpenBS1 | Close BS1
: gﬂﬁt i use current | Open fast shutter || Close fast shutter
P gzzi g Number of images [1800—'_3 Energy
P puck? Deglframe [0.100° % Current [12000.16 eV ]
? :32:: go Exposure time | 100.0 ms s set [12000.16 2]
: puck 12 < Start XDS after 5 degrees -
o I —
ok coe
i ;::E {; Set 100.00% . [m|
ot -
e —
+ Puck 23 Pinhole None s m]
Collimator
| Collimatorin | Collimator out | m |
Cryojet
Cryojet in | Cryojetout |
\ Anneal [05s v
Resolution
Detector distance (3220 mm 3 [ m |
Sample alignment Resolution limit [1.80A |3
Image and illumination
Zoom level overview | Front illumination il |5creening
Gain [oaB I Inline illumination 2 I5rid scan
Exposure time [52 ps 5 Back ill =1 Flame Run number
\ Mount | Demount k . <] mis  [»] <] spot [»] [[Lysozyme |
‘ Home Position ‘ Cool Position ¥ Auto exposure v Auto gain Backlight in Backlight out F;::: o P
Deice manually — 1 1
Start Set manual mount position
| 10 samples 5! data collection ‘ and open hutch ‘

4!7_
Data collection: Number of frames, exposure time,
DESY angular step
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CrystalControl

DESY.

File Tools

CrystalControl

T e |

Collect | Log
Sample changer \E] 2] overview 2|/ @| Standard collection IM
" Puck 1 = =
P fuck 2 F Start angle 0.000° 3 SpeoBel
)
D puck 4 e Open fast shutter || Close fast shutter |
+ Puck 5 -
+ Psgke Number of images ' 1800 % Energy
+ Puck 7 o A 1
+ Puck 8 Deg/frame 0.100 + | Current
+ Puck 9 i - -
2 puck 10 Exposure time  |100.0 ms s/ [set  [12000.16 =
# Puck 11 v Start XDS after |5 d &
+ Puck 12 Sgiees | | Transmission
‘ Puck 13
+ Puck 14 Al
+ Puck 16 nt
+ Puck 17 Set |100.00% :
+ Puck 18 — @
+ Puck 19
+ Puck 20 ' Beamsize
: Puck 21
+ Puck 22 Rocks
G Co— |
Collimator
Collimator out |[m
Cryojet
Cryojet in Cryojet out
Anneal [05s ~|
* Resolution
Detector distance O
Sample alignment CrEE I [1'80 L @
Image and illumination
Zoom level overview ¢ | Front illumination = Screening ‘
Gain [odB [+ Inline lllumination =1 Grid scan }
Exposure time [52 Hs }%1 Back illumi =1 Name Run number
[__Mount || Demount 4] ws [w]la] spot [»] [Lysozyme L]
‘ Home Position ‘ Cool Position ¥ Auto exposure v Auto gain Backlight in Backlight out Fold.e{ -
|fgpfsicurr ysozyme/Lysozyme 001 | 1 1
Deice manually
. Start Set manual mount position
|10 samples &5 data collection and open hutch
— —

Detector
| | - - |t e | T

Data collection: Energy, Focus selection, Pinholes,
transmission, resolution (det. distance)
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CrystalControl

« SAD/MAD phasing

Xanes - o X
XRF Spectrum x
8000 XANES Scan N
6000 Element 34 - Selenium v
Edge K = 12658 eV v
4000
Transmission | 0,0100 % E
2000 vl use current
%‘ O Start Energy | 12598 eV E
3
Eﬁ -
§ 2000 Stop Energy | 12718 eV =
2=
2 Emission line 111222 eV &
2 -4000
]
=
g
3 -6000
-8000
-10000 . o
-12000 Sample
jan_se 2
-14000 -
Comment
12600 12620 12640 12660 12680 12700 1272
energy [eV]
Folder
En=my G F /gpfs/local/raw/jan_se
peak 12661.00eV 4.81 |-7.86 |
infl |12659.00eV 3.18 -8.62 ||set Energy Stare

Data Collection
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CrystalControl

» ISMO scantool: GUI for fixed-target SSX, data collection with
(rotation wedges) and without ¢ rotation (still images)

CrystalControl - o x

| | - o st g [

| @] Standard collection Shutter

Screening Open BS1 | Close BS1

Grid fly scan Open fast shutter | Close fast shutter

File Tools

e e

Collect | Log |

Sample changer

Draw grid | Clear grid Energy

Exposure time | 200.0 ms e{ Current {11999.82 eV

Stepsize X [10.00 um [5 set [11999.81 S|
Stepsize Y 10.00 ym %l Transmission
¥ Live ALBULA display of data Al

Top left X [foowm — H

®plety  [Gooum [

Width

Height (foowm 1§

Sample 10
Sample 11
Sample 12
Sample 13
Sample 14
Sample 15
Sample 16

Puck 2

Puck 3

Puck 4

Puck 5

Puck 6

Puck 7

Puck 8

Puck 9

Puck 10

Puck 11

Puck 12

Puck 13

Puck 14

Puck 15

Puck 16

Puck 17

Puck 18

Puck 19

Puck 20

Puck 21

Puck 22

Puck 23

[0um 2]

Pinhole [1000pm  :|/m]
Collimator

Collimator in | Collimator out [m]
Cryojet

Cryojet in Cryojet out

Anneal |j05s v

Resolution

Detector distance |250.1 mm |3}

limit  |1.50 A

Sample alignment

[0.00 (
o ][ 90 ][ 180 [ 270 ]

Step size 1um Grid step scan

Mount Demount — [©] Focus (@) Recalibrate | | «J[5 ~v/[»] Name Run number

| Wash | (72 | —
Home Position || Cool Position | Folder Pil

ap YZ/LY 004
De-ice manually J

Start Set manual mount position
8 samples i Image and illumination data collection and open hutch

« Heat map overlayed on the sample view
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Implementation of remote data collection

» Beamline control by one user only
» Access to needed functionalities only
* Monitoring of user actions

* Possibility to take back the control at any
time for the local contacts

* No need of special hardware, software or OS
dependencies for the user community

» Authentication against personalized account

« Remote access dependent on valid safety
training
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Technical Implementation (Spring 2020)

 FastX

« Commercial software for Linux
remote desktop

X server from a web browser

e Similar to Maxwell Cluster
(computing at DESY)

» Sessions between several users
with only one controlling

* Running on a dedicated host

DESY. Page 13



Remote identification via user database: Door

Staff view

ACCELERATOR: PARTH PHYSI DESY PHOTON SCIENCE »
Deutaches Sekironen-Synchvotran
@ e S
DOOR HOME | ROLE SELECTION | CONTACT
DOOR -
@
DY e b e e

BEAMLINE SCIENTIST P11
A s P1 MANAGE REMOTE ACCESS
GENERAL INFORMATION
1
=
o e
oeia
REGISTERED USERS
Dr. Dolittle O onsie @
Mr. Mouse O onsite @
REMOTE ACCESS SESSION KEY
eyIpZCT6InQZMGTyNDR1 ZDQzA[03NDQN A3NZBKZDT3060XZ] kT iwiazy51] 0iMDBNZCOZYTNALTM3ZGEEN;
M3ZSIsInBlem121) pbIndyYWSORLI1XX0=
——
MAIN SAVE REVOKE ACCESS st
ctai | BBy Dk Psi Pty | DOOR il v Puy | i
HELMHOLTZ i e e e

User view

Proposat

ALBULA <2>

Users
O Sofiane

- yefanov L
O plluser

Selection of ‘remote’, ‘onsite’ or ‘data-access’ during user
registration

Automated e-mail notification once the remote is open

All participants can log-in at the same time from different
locations, one has control over the experiment, can be swapped
independently among the users

Detailed instructions on our public webpage for shipment, remote
session and data processing

Support via zoom

Successful operation also with users who were never onsite;
connection stabile and shipments running e.g. to China and India
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Remote data collection

Mozilla Firefox (Private Browsing) - o x
File Edit View History Bookmarks Tools Help
Live view - AXIS P5534 | X = o AXIS P5534 PTZ Do X . Network cameras | A* X | o PTZ cameras | Axis C' X | o AXIS P54 PTZ Networ X | (3 AXIS P5415-E at Duc' x = . DESY Photon Science x = X pllremote.desy.de/s x =+ @

c @ Da desy.de eyJpZCl6l MGl [ ) NjA3N via2V 67% | eoe o P5534 -> vy Iin 9 @D
£+ Most Visited =~ ebiss Cafe CFEL 3 PETRA - Logbuch % PETRA-3 Infoscreen

i Lagerkatalog ¥ Kantine

X

e = [ R —— e e

Collect | Log

Shatter

Sampe changer ovendew 2| @ | Standard collection

Close 851
Start angle 0.000* =

Open tast shutter .
use current

2080 2] Enen
Time remaining Speed mber of images | 1080 g o
[000054 | s00ss yframe 0.250* 2] coment (ST
2 . s e [120002 g
s oceted raressin el losure time 50.0 ms O
[270.00* |[0000:54
StartXDS after | degrees s

e :)lm
Colmator @ High Dynam
© Heat
Colimatorin -

Cryojet

Data collection in progress n s

- B Puck s hyscam © walkcam @ Auto-Processing
= = =
© Puck21 » = Energy: 6.084 GeV Lifetime: 0.00 h Current: 100.8%mA
+ Puck22 ening
M Grid Resoluton hmit 130A 1
Sampie alignment rid scan 290 Beam Current
| 3] srec Bl B e Hame — =
. 00512_1433 S_LvD27 110
- Folder
Home Position Cool Position v | Step size Tym v - ™ 1500 70 - %0
= T~ S e
o —ry | - O] roas (@] [ Recatbrate <> [ 7 2
2 Start
§ | | 10samples = Image and Sumination data collection
] 11
18:00 20:00 22:00 00:00 02:00 0&00 06:00 08:00 10:00 12:00 14:00 16:00
P h

o m
» o @l X nena @ Uve view . AXIS Q7404 Video Enco... () hasppttethcam2 - Morila Frefox (@) PETRA Operation Overview (User:.. (X Crystaonire
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Remote data processing on Maxwell Cluster

omputing cluster for DESY
ccess via scientific account
ackup (or via Gamma porta

ata processing

DESY

Albula, adxv
XDS, imosflm
ccp4, Phenix

Coot, Chimera

- Sessions x

(get-ebi-pdb "6XZF")

K pompidor - Sessions X K Connection x +
c & de:34 69 3bds8dafba:

plications : [l Terminal

Terminal
View Terminal Tabs Help

Bl (ponpidoramax-display002]/asap3/petra3/gpfs/pll
mpidor@max-display@e2]/asap3/petra3/gpfs/pll

datasets. txt
index. ht
asap3/petra3/gpfs/pll
n_sample5/insulin_sample5_001
1ax-display® petra3/gpfs/pll

21/asap
wple5/insulin_sample5_001% ls

sanpleS_001% cd manual
2)/asap3/petra3/gpfs/pll
ulin_ samples,ins nples_001/manuals s
ABS . cb GXPARM. XDS
[ABSORP . cbf X GY-CORRECTIONS
BKGINIT.cbf DX-CORRECTIONS.cbf IDXREF.LP
DY-CORRECTIONS.cbf INIT.LP
INTEGRATE . HKL
INTEGRATE.LP
GX-CORRECTIONS .cbf MODPIX. cb
[pompidor@nax-display002]/asap3/petra3/gpfs/pll
ulin_sanples/insulin samples 001/manuals

. de:3443/conne

« Coot0891EL(ccpt) il Terminal

-

2021

2021

2021

2021

2021

2021

2021

data/11016919% cd processed

data/11010919,

data/11018919/processed:

data/11016919/processed

data/11010919/processed
data/11016919/processed/

T.XDS
CORRECTIONS . cbf

XDS_ASCIT. HKL

XDS - INP

XPARM. XDS

XYCORR. LP

¥-CORRECTIONS . cbf

data/11010919/processed/ins

Coot 0.8.9.1 EL (ccpd)

f[P0B Accession Code Fle Edt Cakulste Draw Measures Validste WD About Extensions Ligand

PSP PRI [ - ... vicw || Oisplay Manager <) (3.

Reading
Error reading smal
reading coot-d

Spacegroup f

pompidor/

(handle-read-draw-molecule-with-ri

ading coordinate file
home/pompidor/Download:
312 1

del 1 had 12 links
molecular_symmetry_matrice
NCS chain comparison 101/3
Molecule 6 read successfully

there were 2 types with nd

uccessfull read coordnates

:it"i—}OOgﬁ‘

[ORSRVE VI

& @ 4

* 5O :

1349 | Guillaume Pompidor

aume Pompidor
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2020 at P1 1 Machine down due to the lock-down!

< CALENDAR OF P11 - 1ST RUN 2020 (02-MAR-2020 T0 06-JUL-2020) >
CLICK THE MONTH NAME TQ.SCHEDULE

©

10 - S
- S S

Gripper
repairs

November December

IS

@ o

@ @
2 3

@
S

53

@
S
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Pandemic vs user operations 2020

Suspended user operations mid-March - April 2020: only Fast-track open

Masks & distancing: May-October 2020

DESY.

IMPORTANT INFORMATION ON COVID-19

FOR WORKERS AND USERS AT P11 BEAMLINE

Enhanced remote at P11 since October 2020
Covid-tests since November 2020

1

Dear User/DESY worker,

Due to the current COVID-19 restrictions, the following safety procedures are mandatory
for experiments and technical work at P11 Beamline/DESY Campus:

The i number of partici coming at DESY campus per experiment is
3 persons.
The il number of p: on-site at the beamline (control hutch and

experimental hutch) is 2 persons, preferably only 1 if possible.

Two persons in a ventilated room can work without masks only if they keep a steady
distance of 2 meters.

If 2 persons must work in a non-ventilated room for less than 15 minutes at a distance
below 2 meters, a simple mouth/nose protection must be worn (so-called surgical
masks). Self-sewn masks are also permitted.

If 2 persons must work in a non-ventilated room for more than 15 minutes at a
distance below 2 meters, FFP3 masks must be worn, and provisionally also FFP2
masks.

Gloves should be always used if possible.

Please disinfect your hands and any shared equipment (keyboards etc) after use.

In case of doubts, please ask a P11 Team member.
Thank you for your collaboration,

Your P11 Team

Deutsches Elektronen-Synchrotron DESY
Ein Forschungszentrum der Helmholtz-Gemeinschaft

DESY
Running slip for Covid-19 prevention (Two-sided form)

From 26. October 2020 required to participate in beamtimes at PETRA Ill and FLASH.

Before going to the experiment, approach the Photon Science Users Office
to fill in this form and get signatures and instructions!

Surname: Deutsches Elektronen-
Synchrotron DESY
Notkestratie 85
Name: 22607 Hamburg
. desy.de
Date of birth: Standort Zeuthen
Platanenaliee 6
Institute / Group: 15738 Zeuthen

Direktorium
Prof. Dr. H. Dosch

1) For employee on the Bahrenfeld Campus: (Vorsitzender)

C. Harringa

(Stv. Vorsitzender)
Hereby | confirm that | am employed on the Bahrenfeld Campus and observe the Prof. Dr. W. Leemans.
current “General safety rules at DESY for handling the corona virus®. Prof. Dr. J. Mnich
‘A molecular biological test is not required. Prot. Dr. C. Stegmann

Prof. Dr. E. Weckert

Or. A Wilner, CTO

Date Signature (employee) Direktoriums fiir Innovation)
2) For Guests on the Bahrenfeld Campus:

Onsite from: to: at Beamline:

Current molecular biological test from has been submitted and

is negative. The DESY medical service must be consulted: [} yes O no

Date Signature (user office)

Photon Science Users Office: Building 47C / L106
Office Thomas Dietrich: Building 25B / 235 (only from 2:00 to 4:00 pm)
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User statistics o
Excluding inhouse/

All shifts commissioning

Shifts per year per proposal type
. ra;t'tfack/ BioStructX 2020 shift distribution, o\ .o
600 ndustry
¥ Priority access ® Priority access

H Inhouse " Industry
B Commissioning B Fast-track

B Long-term proposals
450 B BAG ‘
B Regular proposals
30 0
} 18,5%
N \_/

; 2020 shift distribution
2015 2016 2017 2018 2019 2020

o

o

o

Numbers extracted from shifts actually carried out

Inhouse and commissioning are by P11 staff only

Serial Synchrotron Crystallography with tape-drive 24 shifts, with
chips 18 shifts

Some empty days due to repairs and short-notice cancellation

11 shifts given out from INH for ‘friendly users’ i.e. users with no
valid proposal => need for rolling access scheme

DESY.



SARS-CoV2 -related research arising from P11

37 structures deposited from P11 (Main Protease)
30 from the fast-track screening campaign by Alke Meents
3 through other fast-track projects

2 through priority access

2 through regular proposals

Publications:

“Crystal structure of SARS-CoV-2 main protease provides a basis for design of improved a-
ketoamide inhibitor” (Zhang et al., 2020, Science, 368, 409-412)

“Catalytic cleavage of HEAT and subsequent covalent binding of the tetralone moiety by the
SARS-CoV-2 main protease” (Gunther et al., 2020)

“‘SARS-CoV-2 MPro inhibitors and activity base probes for patient-sample imaging” (Rut et al.,
Nat. Chem. Biol., 2020)

“‘Repurposing the HCV NS3—4A protease drug boceprevir as COVID-19
therapeutics® (Oerlemans et al., RSC Medicinal Chemistry 2021)
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Thank you

Johanna Hakanpaa
Sofiane Saouane

Eva Crosas

Spyros Chatziefthymiou
Jan Meyer

Bernhard Kistner

Jakob Urbschat

Jan-Peter Kurz

DESY.
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