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SSRL-SMB-PX talks at MCE 2021

In case you missed it...

Tuesday March 16t
Aina Cohen
Next Generation Remote Experiments

Wednesday March 17t
Art Lyubimov
Crystallography Live: Processing and Analysis
of Xray Diffraction Data in Real Time S il

9.3 Bio-XAS
_/ 12-1 Crystallography (commissicning)
/ 12-2 Crystallography
—ID ID

/ 16-1 VUVISeft X-ray Metrology
16-2 Hard X-ray Metrology

/ (construction)
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A Rapid Response at SLAC to Combat COVID-19

Fast Tracked Research Leads to Drug and Vaccines in Clinical Trials

Proposals awarded time: 51
Synchrotron & CryoEM research started N
- MC Fragments/inhibitors screened: > 1088
one year ago and LCLS in August 2020 sofar > :

y g g MC PDB deposits: 38

gl Yo MC Publications: 11
gl

SSRL BL12-1: Structure-guided
inactivation of the SARS-CoV-2
spike protein using nanobodies

(Koenig, Science 2021)

LCLS-MFX: SARS-CoV-2 main
protease structures at near-
physiological temp to guide drug
repurposing (Durdagi, bioRxiv/2020)

Cryo-EM: Structure of spike proteins Groups from across the US and
and glycans of human coronavirus abroad used SSRL, LCLS and
NL63 directly from virus particles CryoEM facilities at SLAC for
(Zhang, bioRxiv/2020/245696) COVID-19 related research
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Outline

Remote Access with SMB at SLAC

« Standard @ SSRL/SMB
+ Stanford Auto-Mounting (SAM) system
(Cohen et al., J. Appl. Cryst. 35, 720, 2002)

« Remote Data Collection from anywhere in the
world (Soltis et al., Acta Cryst. D64, 210, 2008)

 Advanced features @ Beamline 12-1
» Serial and Dynamics
» Elevated Temperatures
* Humidity Control

* Look to the future
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Standard @ SSRL/SMB — Remote Access

NoMachine NX
* Unix-based

* Access to internal network
 Beamline control
» SSRL data storage
» Data processing

Crystal server

« Sample database

» Spreadsheets

Blu-lce Control Software

 Experiment control, tcl/tk,
C/IC++

» Support enables user

* Simple and intuitive
graphical interface

. gMcPhiIIips et al., J. Synch. Rad. 9,
01, 2002

W mnBEBEwdB

User support
« Zoom, phone, email
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Standard @ SSRL/SMB - Shipping

Macromolecular Crystallography ]

at the or rofron Radi l

Home About News Beamines Become aUser R&D  Science  Training  Our Team

Forms Shipping Samples to SSRL

- Users Menu

~Forms
o Beam Time
» Shipping
o Feedback Your Name *
© Aocess |
o Tralning
© Computing Institution *
 Software Development

General Information

Phene *

Access Information

Type of Access @ Assigned Beam Tme () BeambneXpressFGFS () Staf Gollaboration
Access Additional Information
Assigned Beamline  Leave at SSRL Shipping and Receiving ~

Propasal Number *

Date of Experimental Start

Are You the Spokesperson on the Proposal? (@ Yes () No

sample Information

Number of Liquid Nitrogen Dewars 1 v

Total Number of Cassettes 2~

Total Mumber of Uni-Pucks 0

Number of Blue Shipping for Elevated 0~
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Standard @ SSRL/SMB — Sample Database

Spreadsheet based
* Online accessible

« Editable

* Upload/download

* Loads into Blu-Ice

* Through beamline assignment

(database or Blu-Ice)

Hutch '\ Sample | Scan ) Screening\ Collect \ Inject \ Helical | Raster

Eicanes ] e ] el e RS

Users | Log |\ Soming \

QO

“~ Sample Database

View cassettes of:  bluser 7

Search Field:  Full List 4

33229 BL12 1 Crystal Testing cassette 239.xis
33230  BL12_2 Crystal Testing_cassefte_231xis
33231 BL14_1_Crystal_Testing_cassette_082.xis
33475 casselte_template.xls

33476 casselte_template xis

33537 cassette_template xis

33563 BL12_1 Raster_Cas_270_Testxis

33696 casselte_femplatexis

33697 cassette_template xis

33730 BL7_1_test cassette_Sept2020.s

33731 BL9_2_fest_cassette_Sept2020.s

33732 BL12 1 test cassette_Sept2020xls
33733 BL12_2 fest casselte_Sept2020Xls
33734 BL14_1_fest_cassette_Sep2020xls

33780 BL12.1 test cassette October_2020.xis

Click here to view User's Guide.

Upload Spreadsheet Use SSRL template Use PUCK template Template:  SSRL Cassette Template v

2020-09-09 23:21:59.0 view/edit Download Resuits
2020-08-12 15:30:46.0 view/edit Download Restits
2020-09-10 15:13:57.0 view/edit Download Restits
2020-05-04 16:42:40.0 view/edit Download Resuits
2020-05-05 20:40:15.0 viewedit Download Restits
2020-06-04 123:30:55.0 viewledit Download Resuits
2020-06-18 15:23:40.0 viewedit Download Restiits
2020-09-19 08:20:33.0 view/edit Download Restits
2020-09-21 18:20:43.0 viewledit Download Resuits
2020-09-25 14:37:59.0 view/edit Download Restits
2020-12-11 11:44:02.0 view/edit Download Restits
2020-10-16 12:18:43.0 viewledit Download Resuits
2021-01-27 20:24:21.0 viewedit Download Restits
2020-11-02 16:28:13.0 view/edit Download Restits
2020-12-10 11:04:23.0 view/edit Download Resuits

Download Criginal Excel

Download Criginal Excel

Download Original Excel
Download Criginal Excel

Download Criginal Excel

Download Criginal Excel

Download Criginal Excel

Download Original Excel

Download Original Excel
Download Criginal Excel

Download Original Excel

Download Griginal Excel

Download Criginal Excel

Download Criginal Excel

Download Criginal Excel

Delete
Delete
Delete
Delete
Delete
Delete
Delete

Delete

Download

Cassetes 61 - 75 of 75 [first | pre | next | last]

None v
None v
None v
None v
None v
None v
None v
None v
None v
None v
None v
None v
None v
None v

‘| F Score  unitcell |Bravaist Display Type: | Display Results + Image Display Type: Hide Images ~ || EditCrystal || Edit Run Definition |
2 I cscs 00 few 0o oo 0o ©5_ 00001 cbt €5.00002.cbt
2 cs s NodeingSoloo 000000000000 00 (00 00 cocomoan co.coonzctn [ Row|Port Crystaiin [GridSampleLocation [Resolution [ SystemWarning _ [Move
23 7 e 0.75860249667.04 93.2 104.9490.090.025  0.115  P222 167 7 00005.cbt ©7_00006.cbt 0 Al Al Thaumatin Al_00001.meced Please place barcode pin in this port 0.911 57.85 0.025 0.025 P4,P422 1.470
24 I cs cs 0.79927626¢87.17 932 105.0590.090.05 0084 P22 168 ©8.00001.chf ©8_00002.cht Al_00002.mced 57.85
2 fo1p;p | 0.65115993187.0993.27 10504900 0.125 (0154 P22 198 D1 00003.cbf D1.00004.ch 150.09
2 I b2 p2 0.60619605¢85.46 932410522900 05 0122 P22 217 D2 00001cbt D2 00002.chl 90.0 90.0
27 © b3 b3 0.780230: 02 oos3 P2 19 D3 00001.cbf D3_00002.cb 90.0
28 ' pa Da 00 0.0 00 0.0 I 1 A2 A2 Thaumatin A2_00001.mced 0.878 57.74 0.150 0.039 P4,P422 1.320
20 " bs ps 061560712(86.0993.41105,09900/03 0185 P222 197 DS5_00001L.cbf 05_00002.cbt | A2_00002.mced 57.74
B = 150.04
F 90.0 90.0
Samph Dift 90.0
mer\ s-mpnnmrr\ mm\ an!\ m\ 2 A3 A3 Thaumatin A3_00001.mced 0.925 57.72 0.025 0.022 P4,P422 1.360
Selieezoom Ll A3_00002.mccd 57.72
7J Low | peat] - 150.11
Move Sample 90.0 90.0
x 90.0
< 3 A4 Ad Thaumatin A4_00001.fced UZeT5TLS 1.500 0.041 P4,P422 1.820
“« Ay o Ad4_00002.meed 57.64
! 149.64
Rotate Phi| 450 +| deg 90.0 90.0
10|/ +10 |/40 | +80| +380 90.0
c;;,;,g;%@;;JJ* 4 A5 A5 Thaumatin AS_00001.meced 0.880 58.66  0.075 0.032 P4,Pa22 1.600
centerGatp | A5_00002.meced 15596751
| Gl | 0.0 90.0
90.0
Sample Lights Control 5 A6 A6 T 0841 5762 0125 0039 P4P42? 1.800
Back Light Side Light Intensity

Turnofr [ 8

36 Mar 2021 18:44:08 sarver reports: Waiting for 2090 e
16 Mar 2021 18:44:08 server reports: wait_for_device 1 howe sasple x 1 home sasple y
16 Mar 2021 18:44:08 sarver reports: wait_for_device sanple x sampley
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Standard @ SSRL/SMB - Blulce - Experimental Setup

Beamline control \

Sample control
* Anneal, wash
* Queue next sample

Scans
 EXcitation scans

 MAD scans
e Runs AutoCHOOCH

» Displays energies for f’, ",
plus a calculated remote
energy

4/8/2021

=] Blu-ice for BL12-1 o =3
Hutch \ Sample \ Scan \ Screening\ Collect \ Helical \ Raster \ Users \ Log \ Sorting \ Staff \
~ Ph Vertical Offset
Move ‘ Cancel ‘ Abort ‘ + =
186606 | deg 0.000 | mm
Transmission g /é'— \(\ B
ﬁmj% L - ‘,_({7” Ny 25016 ¥ |
~ X o7 —
' SN [T e 8 |
- Z
Energy — Beam Width Beam Height m
’7 12658000 ¥ eV ‘ |7n_1un | mm ‘ I 0125 | mm ‘ | £
| 0.000 | mm
Guard Shield | |
Optimize Beam =
Sample Lowso*’\ Sample High 0°) Hutch, Panel | Diffraction \,
Select Zoom Level 1.1
- ‘ Low ‘MedL| MedH| ngh‘ + ‘
Move samplel 50 ¥ um
A |
=
4 5o Dl
E
Rotate Phi| 450 | deg -| -]
-10 || +10 | -90 | +90 +180] 20644
Current Phi: 186.61 deg 145 A 8
Center Loop
Video Snapshot
le Lights Control
Back Light Side Light Intensity
Turn Off “_LI
=
10 MAT £ULL Lii9BISE SETVET TEpOTT nig user jsong
16 Mar 2021 17:58:32 server reports oldALc 1AL 9B B8O 600
6 Mar 2021 17:58:32 ce reports: SIL old {A1 c_1A1 6 0 8 6 6 8 0} b
_ Spear Current: | 498,632 mA Abort |User: Passive Shutter: | closed 06:36:23 PM
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Standard @ SSRL/SMB - Blulce - Experimental Setup

/ b N e
SSRL

Beamline control

Blu-ice for BL12-1. | @ = B

Hutch 1\ Sample\ Scan ' Screeningl Collect ) Helical \ Raster % Users | Log \ Soming \  Staff \

ing Robot Control —Sample Annealing

Mount - Precool Tongs Flow_Control \ Strea.m_Block\
Sal I Iple Contr()l —> -M m Anneal Time[0.000  ~|s

¥ Queue Next Sample Automatically

Start Sample Annealing ‘ Abort ‘

limes’rﬂ Start Sample Washing ’7 0.100 ﬂ mm |y

° An neal , WaSh left(3) \mi b bictl | plate(4) bictl... [Guard shield [
staws: [ REEROE Sample Lowso"\ Sample High 0°% Hutch\ Panel } Diffraction \,

select Zoom Level
- ‘ Low ‘MedL|MedH‘ H\gh‘ + ‘

* Queue next sample

Move samplel 200.0 j um

Py - 1
44 4] 2000 B by
=
Rotate Phi| 45.0 =| deg | -|

=ilf1) ‘ +10 ‘ -90 | +90|+130‘

Scans

Current Phi: 186.61 deg

Center Loop

« Excitation scans s

« MAD scans

i R u n S Auto C H O O C H ;ackrl_;ghl;ig':l's control i Side Light Intensity
Turn Off “_1_[

» Displays energies for f’, ",
plus a calculated remote e

e n e rgy 16 Mar 2021 17:58:32 Blulce reports: SIL old {A1 ¢ 1A1 000 0 0 8 0}
[eiccionaEnN  spearcurrent: | 497.813 mA  Abort |Usel: Passive Shutter: | closed 06:37:07 PM
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Standard @ SSRL/SMB - Blulce - Experimental Setup ()

Beamline control

=l Blu-ice for BL12-1. e &3

Hutch \ Sample |  Scan \Scmning\ Collect ' Helical \ Raster \ Users \ Log \ Sorting | Staff
—Scan Mode

Sam p I e con t ro I ~ Excitation Scan , Select an X-ray Absorption Edge 2 e

55555

. Li . Be Edge: Se-K B [~ N o] F 1nNe
‘s Ei 1 12658.000 eV
hd n n e aI y Was h Scan sample to determine e uMg nergy: ) W BB, 6 W W,

peak, inflection and remote
energies for MAD.

Periodic Table ] Plot ] Log W Hardware W

uuuuuuuuuuuuuuuuuuuuu

K Ca S Ti V C Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr
e Niiairie neavt ecamnle | R K KK K KKK KK kK
UEUE NEXL SAMPIE ey Sy A
Rb Sr Y Zr Nb Mo Tc Ru Rh Pd Ag Cd In Sn Sh Te | Xe
K K | K
§5 56 57 72 7374 75 6 77 78 _ 79 80 81 82 B3 B84 8 66
Cs Ba La UHf L1Ta L1W LiRe 110s Lilr L1Pt L1Au LiHg LTl L1Pb LiBi | Po At Rn
uuuuuuuuuuuu
 Scan Parameters | 13 13 13 13 L 13 1 13 13 1 13 L3
Update Fi "Ra A
Prefix: c_mB3
nnnnnnnnnnnnnnnnnn
SC anS » Directory: | Idatalusername L1Ce LiPr LiNd  PmLiSmUiEu L1Gd LiTh LiDy LiHo LIEF LiTmLiYb LiLlu
» 2oL | 12 oL o2 o1 o1 o2 1 2 1z L2
e ] | S R N N N N R R

0_ 8s1_ 92
Th Pa U

L3 L3

 EXcitation scans el o

« MAD scans ]
 Runs AutoCHOOCH

» Displays energies for f’, ",
plus a calculated remote
energy

10 MAT ZUZ1 17:98:3Z SErVer Teporis: USINg USer JSong o Init I}
16 Mar 2021 17:58:32 server reports: SIL old A1 ¢ 1A1 0 0 0 06 0 0 ©
16 Mar 2021 17:58:32 Blulce reports: SIL old (A1 c_ 1A1 6 0 0 6 & @ 0}

[CefEGiREN  spear Current: | 496,519 mA

Abort ‘User:l Passive Shutter: | closed 06:38:17 PM
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Standard @ SSRL/SMB - Blulce - Experimental Setup

Beamline control

. Blu-Ice for BL12-1. | & = X!

Hutch \ Sample |  Scan \Scmning\ Collect ' Helical \ Raster \ Users \ Log \ Sorting | Staff

—Scan Mode
« MAD Scan

Sam p | e contro I  Excltation Scan Fp and Fpp from Kramers-Kronig transform |
S : i = Transform::fp

® An n eal y was h Ps?-.;:j:a.:cl: to determine .\‘V\/vaﬁ ~ Transform::fpp

* Queue next sample e .___HJ

— Scan Parameters
Update

Prefix: | cmB3
SC ans P WS erare ] e ; : '
Edge: [ FeK
Enmergy:| 7112000 eV |

 EXcitation scans el o

Periodic Table ] Plot ] Log W Hardware W

Electrons

\ 4

’ MAD Scan S ﬁ ‘IZSIOO I 126|00 I 127|00 I 128|00
° RunS AUtOCHOOCH = Energy (eV) < i

* DiSpIayS energies for f', 7, Reset | Inflection:| 1266231 v Peak:| 12664.80 e¥  Remote:| 13500.00 eV
plus a calculated remote R T
energy S

o
552
£

-
AMclA10000000
ar B}

_ Spear Current: | 496.519 mA Abort ‘User:l Passive Shutter: | closed 06:38:17 PM

Sel
17:58:32 Blulce reports: SIL old {Alc A1 0800 06 @

4/8/2021 MCE 2021Workshop @ NSLSII 12



UV-Vis Microspectroscopy @ BL9-2

Non-invasive

Confirm identity of reaction intermediates
trapped within a crystal

Monitor reactions occurring in the crystal
* triggering by lasers or within flow cells

Monitor X-ray induced structural changes
» e.g. metalloproteins
« Radiation damage

Fully automated for spectroscopy between
diffraction data (interweave)

Both the X-ray exposure time and X-ray dose
are recorded for each spectrum measured

in-situ UV-vis microspectrophotometer
* (Cohen et al., Protein Pept. Lett. 23, 283 2016)

4/8/2021

~ Time Mode

Scan Mod
~ Snapshot
~~ Phi-Rotation Mode
¥ Monitor X-Ray Exposure

Measure Changes in Absorbance as a
Function of X-Ray Exposure

— Scan Parameters
Default | Update
Next Scan Num
Prefix | dose_scan
Directory |/dataiusemame

Monitoring Duration [—m s

Collect Spectrum Every |  2.000 s
Energy | 12657.973 ~|ev

Attenuation | 0.000 :J %

Phi 0.000 v|deg
Beam Size
["0.100 w|x| 0.100 w|mm

Light Selection—
’T Visible Light Only

<« Visible + UV

Start | stop | Abort |

S et g 3 Y T

MCE 2021Workshop @ NSLSII
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Standard @ SSRL/SMB — Experimental Setup

Screening

Automatic
« Exchange samples in 25 seconds

Loop centering (15 seconds)
Raster alignment
Weblce strategy

* Requires 2 images

Rastering

Art Lyubimov

Microbeam, matching crystal size
Polygon, oval, line

90° line raster for centering
Scoring

Diffraction-based crystal
alignment (Song et al., J. Synch.
Rad. 14, 191, 2007)

155 \
(talked yesterday)

4/8/2021

Blu-ice for BL12-2. e B3

Hutch \ Sample \ Scan \ Screening), Collect \ Imject \ Helical \ Raster \ Users \ Log \ Soring \ Staff \

Default Widgets Layout | Individual Widget |V| Save Widgets Layout | Load Widgets Layout |

= T N U | = st D i Vi
— Control Display Options rectangle | oval | line | polygon | modify | I~ Align Visually (hides results)
Start Show Number: Frame |Alroady done data collection. Please reset it if you want to recollect.
Pause Show Contour: Spots
S5 Contour Levels:| 10 25 50 75 9 Positioning: | 10.0 j um 4| p|aw| sizing: @p4 S| X delete zoomin | zoom out
I~ Adxv Autoload Show Beam:| Cross_And_Bo: Sample Positioning Tool T
TR RE e Select Zoom Level
nly ow Current Ra: T
- M M, h |-
- Hold Sample Position While Jﬂle_‘“lﬂlﬂJ
Viewing Other Rasters Move Sample 5.0 :J um
Py & ]
raster 1 complete j
@ « [ 50 » <y
5 | LDefault | Update | Delete | Copy || Reset | zoom ~
Rl Prefix: [raster_1 Rotate Phi|  45.0 v|deg | -|
Dir: [/data/iimathew/tri3
Display Options
Shape: |polygon —
. s'p — Show Number: Frame :_|
eam Size: 15.0 v
Show Contour: Spots j
15 x 15 microns v —_——
= Contour Levels:| 10 25 50 75 90 j
pletElze: g2l _"Jx 550 :J um, m Show Beam:| Cross_And_Box j
Distance: 350.000 j mm Show Resolut I Only Show Current Raster 1=
Beam Stop: 44.995 v| mm A I
- b J [~ Sample Lights Control Brightness e Zoom -
Transmission: 2.000 j % Back Light side Light Intensity o oo @ﬂ > e ‘—m ® Open with ... :]
Time: 0.2000 s Insert |[, N !,
File Name /data/iimathew/tri3/raster_1_00015.cbf 4]
= T N
raster 1 (complete) Left Button Action:‘ Center Node in Beam | Shortcut Hints | I~ Hold View ¥ Hide Skipped
Spots  Score  Resolution Snot Shape Rir
U U.U 9ImU. oYU Sl Al
(0} 0.0 9950 5.0 ak
0.0 5.0

16 Mar 2021 18:44:08 server reports: wait for device 1 home sample X i home sample y
16 Mar 2021 18:44:08 server reports: wait for device sample X sample y

Diffraction images scored automatically
Results are displayed in Blu-lce and Weblce and saved in spreadsheet

MCE 2021Workshop @ NSLSII 14



Standard @ SSRL/SMB — Weblce and Strategy

cassette:| right: Cassette_00263_BL11-1_121 ﬂ Web |j|mport] Exportl Edit |
WGb'Ce Directory Spreadsheet CrystalCond |Metal

03 Webhice

*Mosaicity *Energy(s)

1 1 1 bluzser Rons |New Run |5 - Run L ] St b7 Choose Dir and Images >> Choose Strategy Options >> Choose Experiment >> Choose Other Options >> Finish
* Oscillation  Attenuation _
Sort By:l Run Name j & Ascending « Descending Update Run 1 - 7 of 7 [ first | prev | next | last |

*Resolution *Inverse beam e S g i i, || Choose Directory and Images
*Exposure time <Absorbed dose | ssos IR SRR 0w e s 0| e e | e erev | Nt |

06/12/01

° N u mber Of |mageS A2 BLI-S Nowg || 77 A2_005.img, A2_006.img 092 [1673 | 1392 1 0.61 P3 Delete]

Please choose image directory and images.

07/02/07 index_myo-B2_003.i
. B2-BL7-1-Feh2007 autoindex_myo-B2003me. | g g7 | yggs | 4701 | 0 125 P3| [Delete
* Detector beamstop distances m | o mo Bl |
RoFehaopy | 007 Aticindex my 0B 000 e 083 | 1683 | 1489 | 1 081 P3 Delete Directory: Ifd.aLabeu.‘-trf BLY9-2/MNov-2006/A2 Browse
20:41:45 autoindex_myo-B3_002.img
Ba-BL7-1 Febooay| /008 autoindex_myo-B3_001.img, 086 [1799 | 1655 | 0 131 P Delete Imagel IAZ_B_(I)l.mu:,d

18:26:55 autoindex_myo-B3_002.img

07/02/08 autoindex_test_001.img.

> Import collection o | mm 2 L ]
strategy into Blu-Ice

I EEEEEEEEE—————— FGSP  Setup | Logs | Autvindex Summary | Solution | Predictions | Strategy | Dewils — Update |
Hutch \ Sample \  Scan \ Screening) Collect \ Helical \ Raster

Image2 [A2_8_012.mced

Diffraction’| ~ Strategy \  Dev | Run Status |
[ v Setup L
= | ffiBL12-1/C Waiting for collect status from DCSS
O I n S O O n Imaga 1:/C1_300.2 9000Lcbe System Status: collectWeb - Detector Ready
(: Ill Image 2:[C1_300_2_00100.cbf e e e e e
Laue Group:| Unknown ¥
i _poon |
. x mm oy mm oz mm
e Int te into Blu-I ol
ntegrate into Blu-lce " ..
Collect Options | Scan Options | Autoindex & Strategy Options | Edit Setup |
Run strategy | ool ‘
Image Directory fdata/bluser/BL9-2/Nov-2006/A2
[~ v Strategy Results
Imagel To be collected
Solutions: Solution 9 Spacegroup P4 j Create Run &
Image2 To be collected
& Unique Phi 171.88° - 528.80°, 100.8% completeness, 1.76e+85 Gy )
© Anomalous Phi 72.80° - 430.00°, 100.0% completeness, 1.76e+05 Gy Generate Strategy Yes
Experiment Type: Native For Beamline SIM1-5
Score i 0.64 (score = 1.8 - 0.7e-4/d - 1.5msd - 0.2mosaicity)
[Mosaici : . red: f - 5
Ml:&:’ym! : l:.;l;:p licts B0% of spots in images) Experiment Type MAD
Redundancy 15.0%
3:‘11;! 1.3‘3' LaueGroup Unknown
. "ae°
rsolminn 2.07A The predicted resolution from the diffraction images is 1.56| Uni1 Cﬁ" Unknown
Time 1.8 seconds
Attenuation 98.32 %
Distance : 262,59 mm To measure higher resclution data, move the detector to
199.8 mm and recollect test images.
Beanstop ;o nTm
4/8/2021 = 200 o 48 2021Workshop @ NSLSII 15




Standard @ SSRL/SMB — Data Collection

Standard data collection

* Rotation, wedge . T
i Hellcal Hutch \ Sample )  Scan \ Screening) Collect \ H-Iical\ Raster \ Users \  Log \ Sorting ) Staff

Default Widgets Layout ‘ Individual widget |V‘ Save Widgets Layout | Load Widgets Layout ‘

o T O x| | T O | — I Y T )
Control Display Options define new crystal | modify ‘ I Align Visually (hides results)
. Start Show Beam:| Crass_And_Boy | 1 Use Sample Positioning Tools and phi to center one end of your crystal into the x-ray beam.
B I ' I I 1 2 1 FEres I Only Show Current Crystal 2. Click the Save button.
e a I n e - Hold sample Position While - zoom in ‘ Zoom out |
Delete All Viewing Other Crystals L
‘Sample Positioning Tool—— =
. 2 2 Webice Strategy L]show Rasters Select Zoom Level
* Microbeam: 5 ym? to 100 ym (ET = tow et e i -
. parameters for new crystal Move sample | 5.0 ﬁ um
. . - M &
. 12 h t / Default | Update | Delete | Copy | Reset | zoom "
* High Intensity: 5 x10'? photons/sec ——— =" @
Dir: data/jwierman Rotate Phi[ 450 v| deg -| -| | SRS e PR 2
. Beam Size: | 500 *|yx[ 5.0 *|um X E
. 5-15 keV S-SAD ph : o] ] i
eV range, asin | e
O ptl m I Zed Detector: normal j
Distance: 400.000j mm Show Resolut BEnlytiang J
Show Beam:| cross only ¥
Beam Stop: 25.000 *
e EIGER 16M (1 H 7 ROI Sam Sop ZJmm  Only Show Current Crystal
Z Or Transmission: 2.000 j % I Show Rasters I
Time: 02000 s K o =
. o N ~—Sample Lights Control By S S
elta: L eg i i g i 0 ith ... v
 Crystal rotation speeds <90°/s ek o w @l ¥ @ empg O
Start: 1 186.61 deg | File Name ‘/dala/scnttm/lz1[dectris/leslﬁ()(!()02.cbf j
End: [ 180 366.61 deg -
e |nstant feedback T
nS an ee aC Inverse Beam: [Create or select a crystal first O
Wedge: 999900 j deg
H H H Energy: 12658.000 ¥| ev
« Automated hit finding + data —

H Kl

processing -

17 War 2021 11:24:25 Move of motor sample_y completed normally at 0.1845,

* Any dataset more than 5 frames is fully B e e e e 4
aUtOprocessed In users dlreCtory RO spearcurrent: | 497.669 mA  Abort \us.r:ym shutter: | closed 11:27:21 AM

+ XDS, POINTLESS, XTRIAGE, AIMLESS,
TRUNCATE

+ MOLEREP, REFMAC5
4/8/2021 MCE 2021Workshop @ NSLSII 16



Standard @ SSRL/SMB - Live Data Analysis

The Interceptor

 Live processing and scoring
to track basic diffraction
properties of a single crystals
in real time

* Resolution score

» +max diffraction intensity score
* lIce ring penalty
* Elongated spot penalty

a4 WA () j— COIIeCtor

o0MQ OMQ

« Fully automated, persists in — S
background s
g REQ/REP rotocol
« Can handle high-speed bursts splitter
) e

Diffraction image

(~300 images) up to 100Hz

Interceptor Workers

Interceptor Collector

(talked yesterday)
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Serial Crystallography at SLAC
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SSRL/SMB: 12-1 and MFX

Five Beamlines at SSRL dedicated to Macromolecular Crystallography Research

Aina Cohen '
X-ray Free Electron Laser — LCLS-MFX Instrument (talked Tuesday)

SSRL

Synergistic User Operations LCLS

Beam Line 12-1 Similar Equipment & Controls Software MFX

New Rapid Access Proposal Mechanism
BL12-1 / Gateway to LCLS

4/8/2021 MCE 2021Workshop @ NSLSII 19



SSRL/SMB: 12-1 and MFX

Standard setups for goniometer and injector
Collaboration between SSRL-SMB & LCLS-HXR staff

Blu-lce Control Software (developed at SSRL)

» User friendly - familiar to the user community

» Highly automated

High Speed Microcrystal Goniometer

« Rapid sample motions with +/- 0.5 um SOC

Automated Sample Exchange with Stanford Robot

» Highly reliable (>1M samples mounted at SSRL)

» Cryogenic studies enable safe transport & storage

« Support room temperature samples at controlled
humidity

UV-fluorescence microscopy and
visual mapping of crystal samples
(Barnes et al., PNAS. 116(19), 9333-
9339, 2019)
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Advanced Features — Serial Crystallography

Gas Dynamic Virtual Nozzle Mobile Electro-spinning
Sample Holder (MESH)

Huteh \ Slmple\ Scan \Screenin;\ Collect \ lnjecl\ ng“[\ “mr\ Unn\ Log \ s,"un‘\ »

— Injector P: (MESH)
Open With... .
Bngmnm
S|
Sum Images

e (B
Jet Position (mm)

He gas, ~300'p&j

Current: A -

Liquid jet
containing
nanocrystals

Rev. Sci. Instr. 83, 35108, 2012

LCP/Viscous Media Injector
A LCP injector has been acquired for BL12-1

Run 1 (inactive)

Sierra, Acta Cryst D (2012)

pron
Dictory:

[X Collect images

Pause

Filename: [ /data/lyubinov/sin_jet/mesh_jet_1_1_00012.cbf ] m m |

e —"HI" _"m‘; g:;-"spﬁ’”:;;p ][R“4.3A |_U:: 'cl:.lsA b=78.3Ac=36.2A a=90.0°B =90.0° = 90.0° ”r 43.4% " 2.4 I Beam Size: [ 59.0 ¢ mm mm
[omemme ——§

i icati S e * [ vomar
Weierstall, Uwe et al. Nature communications 5 (2014) 9 Se S =

Distance: [—50-51 K
. L ¢ . . Beam Stop: __n.vo: M mm
. . L

Mixing Injectors . g . e s

° e 900%00%e%0° . o0 oo
. . )]
Crystal suspension Lois Pollack (Cornell) collaboration

Spots
.
.
Ll
.

31 Jan 2019 17:09:13 server reports: wait_for_device emergy

Helium gas

31 Jan 2019 17:09:13 server reports: wait_for_device mono_theta

3D-printed Sample supply line  Nozzle

i < 31 Jan 2019 17:09:13 Move of motor eme: o leted normally at 12000
nozzle Reactant~ M rgy comp ¥
31 Jan 2019 17:08:13 sorver reports: wait_for device beam_size_sample_x

31 Jan 2019 17:09:13 Move of motor mono_theta completed normally at 9.48307

31 Jan 2019 17:09:13 server reports: wait_for_device beam_size_x

31 Jan 2019 17:09:13 server reports: wait_for_device slit_1_horiz_gap slit_2_horiz_gap

Mibdng constriction | R o< curon 150 53ma [(ABOr | user[_Acive | - shuter: [ cosod ]

Calvey, Katz, Pollack. Analytical Chemistry 91-11, (2019)

Reactant‘
Mixer shell

I |
05:20:07 pm

Wiedorn et. al.
Nature Comms. (2018)
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Advanced Features — Serial Crystallography

Thin polymer crystallization chip

Megan Shelby, Deepshika Shamraj Gilbile,
Matthew Coleman, Matthias Frank, Tonya Kuhl

LLNL, UC Davis

4/8/2021

Blu-ice for BL12-1.

oo =88

Hutch \ Sample \

Brightness

N
o w gl ¥

Scan \ Scmning\ COllOCt\ Helical \ Raster \ Users \

23

v |EEmatn.. [
-
@ o.800 pen with ...

File Name \/datalscuttmllz— 1/dectris/test_00002.cbf

I~ Hold Image - | +|

Log \ Sorting \  Staff

Weblce Strategy
Collect

Pause

Abort

Current Position——

Phi:  201.02 deg

Distance:  399.33 mm
Optimize Beam

[test 0 00001 186.61 12657.99 ||

I[N

‘H Hide Image Scoring

h\

Snapshot ( inactive )

Default | _Update | Delete | Reset

Prefix: test.

Directory: [idataiusername
Beam Size: | 1000 | x| 1250 | um
Guard Shield j

Detector: normal -

Distance: [ 200.504 | mm
BeamStop: | 25016 | mm
s [ ph
Detta: 100 deg
Transmission: [ 20.000 | % ﬂj
Time: [ 02000 s

Frame Phi

Start: 1 18661 | deg
Energy: 12657.995 | eV

=
ol |

17 Mar 2021 11:18:48 HMove of mot

[ESEEpeEea N spear Current: | 495.788 mA

17 Mar 2021 11:17:24 HMove of motor
17 Mar 2021 11:17:25 Move of motor

sanple_y completed normally at 8.0995.
sanple z completed normally at -0.838158.

or tenp_setpoint completed normally at 260.

Abort ‘Llser: Passive Shutter: | closed 11:19:00 AM
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Advanced Features — Serial Crystallography

Fixed target

Full automation is possible if
it fits within the robot gripper

00000 3

http://www.mitegen.com/

Cohen, et al., PNAS (2014)
Gatietal. IUCrJ (2014)

EECEEEEE
SESABE SOTECRL

r

00000Qq. O

Feld, etal., J Appl Cryst (2015)

Roedig, et al., Sci Rep (2015)

Lyubimov, et al., Acta Cryst D
(2015)

Murray, et al., Acta Cryst D (2015)
Gatiet al., IUCrJ (2014)
Heymann et al. IUCrJ (2014)
Murray et al. Acta Crys D (2015)
Baxter et al. Acta Crys D (2015)
Suietal..Lab Chip, 16 (2016)

If it has known dimensions and fiducials, we can automate it!
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Advanced Features - Studies of Protein Dynamics

Reactions triggered within crystals during (or prior to) data collection (us to ms time scale)

Microfluidics to trap/mix
solutions around crystals

High voltage jump ¢

Sarah Perry and Shuo Sui
(UMass Amherst)
SMB-MX Group
(SLAC/SSRL)

4/8/2021

Liquid/Crystal Mixing Injectors Light activation/Caged Compounds

Lois Pollack (Cornell) collaboration

Sample supply line Nozzle
Reactant Helium _Z
Sample wmp
Reactant’

Mixer shell Mixing constriction

Calvey, Katz, Pollack. Analytical Chemistry 91-11, (2019)

Jonathan Clinger (Cornell U)
SMB-MX Group (SLAC/SSRL)

Cryo-trap intermediates
In assembly for BL12-1
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Validating intermediate states

Freeze-trap reactions in cryostream at fixed time-delays
after adding substrate to crystal

Monitor/Follow Radiation Damage

Radiation damage is accrued site-specifically around metal
centers

Support for photo-triggered reactions

UV light for uncaging compounds, activating reactions
All automated!

Fully remote pump probe (timing control)

On-axis system to be installed at BL12-1
and in planning for MFX

Option for UV-light (or other light sources)
for time-resolved measurements

4/8/2021 MCE 2021Workshop @ NSLSII
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Time-resolved studies of transcription
Remote collection @ 12-1
crystals exposed to UV light (breaking cage)
temperature increase from 100K to 170K
rapid helical data collection (2sec/dataset)

lllumination with the UV source breaks the
nitrobenzyl group (NPE) in crystallo allowing ATP
release from RNA-Pol Il, metal coordination (blue)
and phosphodiester bond formation (red).

The Calero Lab (University of Pittsburgh)

4/8/2021 MCE 2021Workshop @ NSLSII
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Sample_Tempemure\ Humidity_Control \

Measurements at physiological temperatures
Understanding temperature effects in protein structure and interactions
Potentially no additional disorder from cryoprotectants
Side chain conformation insights
Time scale resolution, transient steps
Jﬂm\m.—::.:c\m“ e Al | ]
Al 000 eeocoo AR ~ Sample
B‘ B m:;l‘;-;ﬂ ; \ ~—Sample Annealing
c| =
D | = EEEER <t Point:
E
‘12345 6 78 910 oo
T
Aina COhen 6 Py f0e1 $7:a0133 arver reparta: SHL oM LA a o0 aET - i
(ta| ked Tuesday) —————— e T rorerae :

4/8/2021 MCE 2021Workshop @ NSLSII
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Move I Cancel




First used at LCLS-MFX,
but now standard at 12-1

Aina Cohen § ‘(‘
(talked Tuesday)

- &

N 3 SN
= - y \
Ko

N &
\ s
’

¥

_m-?—* /

*= Grystal Pesitioning Systems \ l
, oo 4
Samples inside at
controlled humidity Thermal

Shipper

CP-111-105
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Advanced Features — Elevated Temperatures

Fraser Group (UCSF - QBI Corona Virus Research Group)

» Studies of conserved “macro domain,” enzyme shown to promote UCSF
virulence in coronavirus QBl

» Screening of fragments done at BL9-2 and BL12-2

 Measurements at physiological temperatures associated with .5 g

infection in humans were done at BL12-1
» Understanding how temperature affects the enzyme structure and
interactions may provide insight to develop of antiviral therapeutics

}.@ ‘

James Fraser (PI), Michael Thompson Support: Jeney Wierman and Silvia Russi
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2.7 A

90 % RH

a=87.8 A, b=140.8 A, c=233.1 A, P212121  3=84.6 A, b=142.0 A, c=233.8 A, P212121

Bovine Liver Catalase

« starting RH=96%, final RH=90%,
1 % RH steps,

« 300 seconds equilibration time
between steps

- Sample \
~—Sample Annealing

Sample_Temperature\ Humidity_Control \

IEESSR <t Point: 27000 v|K  Move | Cancel |
Humidity range of 30.0% to 99.8% £0.05% RMS
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Advanced Features— Hydration/Dehydration

BL - HC Control Software

File Hep
Manikoring 178 T T T o7 = 173,00
Relative Humidky | s4s0 B : i : B389, 369)
Relative Humidky Setpoint 94,10/ i ;
- 17|
T 12
Dew Point Temperature [ 2612 loss
Dew Point Setpoint 26.01
Sample Temperature 27.08 176 |
Water Heater Temperature | 38.40
Water Temperature Setpoint 40.00 z
175
Modbus Controller State
© roees g
: : E
& R b I
Sl ey E T %‘52
Commands J | | I | g
. i L4
O Ve Tempstre ﬂ Il
]
Dew Point (5) View Drop Size can
-85
Drop Size Tracking
Seripts | .;!‘ A
lhl"l I
[ fn ] x il i
- i‘l“hiij‘l‘l‘ll
Execution Time: 171 [ 1y .‘l ik
I8 - ; it
Contral : . 3
170l L L Llos
tart 1227.00 123000 _ 123300  12:36:00
Time
ion [ =~ Drop Size Y1 Relative Humidity Y2 | ¢ >
Remote Host: | Alarms | Logs
]
Date Level Origin Description
24f07/12 [INFO [Contraller |State = Initislizing ~
24f07112 INFO iController [Inbialized log services - Startup: 24/07/12 09:25:27 1
24/07/12 INFO iController |State = Starting
24f07/12 INFO Controller Start control
24f07{12 INFO Controller \Set water heater temperature = 40.0
24f0712 INFO Controller [State = Ready )
24107112 [HFO Controller __|Set ROI= 183,45,273,476
24/07/12 09:43:11 INFO Contraller |Set relative humidity = 98.8
24107112 09:47:38 INFO {Cantraller Set relative humidiy = 99.0
24j07/12 109:56:08 INFO IController Set ROI= 257,75,369,479
| |
23j07/12 109:58:48 INFO (Cortroller  |Set relstive humidiy = 98.5
T
24f07/12 l10:00:52 INFO ‘Contraler St relative humidiy = 98.8 | o
Ready 12:36:52 )
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Advanced Features — Nozzle Switcher

Arinax Humidity Control Device
Automated switch between humid RT or cryo-conditions
» Flash cooling after controlled dehydration experiments
« Samples both cryo and RT supported for same beamtime
» Flash-cooling experiments to trap reaction intermediates

Humidity Control

Flash-cooling
60 ms to switch

Cryo-Cooler
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Advanced Features — Nozzle Switcher

Cryo-trapping Dynamics
Cryo-trapping Experiment to Observe Phytochrome
Photoconversion Intermediates

Use in conjunction with light, spray, drop

Meta B, RO
As T Zm 2 : \ 2
mi-B \ ‘. MetaB: ™ |
? Amax:
4s\  Cysleaves 5 r
Dark reverslon,da);;;( room temperature A )} e
Pb Pg &7 2 .
j‘\“IOms 1 ] ps/ ~ M -~ 4
o b;;;; Me{a-G; Lumi-é “‘!
Neo 955ms 6001 / "
PDB ID: 2M7U | G PDB ID: 2M7V

Jonathan Clinger, Sethe Burgie, 300ms trapping point 1.2s trapping point
Rick Vierstra, and George N. 251 4
Phillips Jr. 2] 3 1
3

15 -
25
|
1 . 2 4 .
) 200 400 600 200 400 600

EPY ol
RICE g
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Summary

Remote Access with SMB at SLAC

 Standard @ SSRL/SMB

» Stanford Auto-Mounting (SAM) system
(Cohen et al., J. Appl. Cryst. 35, 720, 2002)

« Remote Data Collection from anywhere in the
world (Soltis et al., Acta Cryst. D64, 210, 2008)

« Advanced features @ Beamline 12-1
« Serial and Dynamics
» Elevated Temperatures
* Humidity Control

* Look to the future
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To the future!

° M u |ti C ry St al d at ab a S e Display Type: Display Results | Image Display Type: | Hide Images ~ || Edit Crystal || Edit Run Definition
- [ Row [Port[CrystaliD [ Protein  [GridSampleLocation [ Images [ Comment  [Score[ UnitCell [Mosaicity [Rmsr [BravaisLatiice [Resolution [ SystemWarning  [Move
0 Al Al Thaumatin A1_00001.mccd Please place barcode pin in this port 0.911 57.85 0.025 0.025 P4,P422 1.470
A1_00002.mced 57.85
150.09
90.0 90.0
* Blu-Ice Strategy
1 A2 A2 Thaumatin A2_00001.meed 0.878 57.74  0.150 0.039 P4,P422 1.320
A2_00002.mced 57.74
150.04
. - 90.0 90.0
* Dynamics automation
2 A3 A3 Thaumatin A3_00001.mced 0.925 57.72  0.025 0.022 P4,P422 1.360
A3_00002.mced 57.72
. . 150.11
90.0 90.0
* Timing
3 A4 A4 Thaumatin A4_00001.meed 0.261 57.64  1.500 0.041 P4,P422 1.820
A4_00002.mced 57.64
T . 149.64
« Automate EIGER with gonio
90.0
4 A5 AS Thaumatin AS5_00001.meed 0.880 58066  0.075 0032 P4,P422 1.600
° 900/ d f f = II A5_00002.mced 58.66
149.71
second, tast framing, all remote Lo
90.0
5 AR AR T i 0.841 57.62 0.125 0.039 P4.P422 1.800

« Optical sources, Raman installment
» More sources! More fibers!

* Nozzle switcher installment

* New optics: CRLs, multilayer
monochromator

 EIGER2 XE 16M
* move EIGER 16 to BL12-2
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To the future!

* Multi-crystal database -

Hutch \ Sample \ Scan \ Screening) Collect \ Helical \ Raster

 Blu-Ice Strategy crttn e\ o

¥ Setup
Directory: /dat 12-1/Commissioning/2020-5-14

i Dyn am I CS auto m ati O n image 1:(C1_300_2_00001.cbf

Image 2: C1_300_2_00100.cbf

* Timing -
« Automate EIGER with gonio e
Run Strategy

* 90°/second, fast framing, all remote  seeay et

Solutions: Solution 9 Spacegroup P4 w| Create Run

« Optical sources, Raman installment —

~ Anomalous Phi 72.00° - 430.00°, 100.0% completeness, 1.76e+85 Gy

d More Sou rceS! More fi berS! g:genrzm"t TWEE i score = 1.8 - 0.7e-4/d - 1.5rmsd - ©.2mosaicity)

0.64 (
Mosaicity 0.80 (predicts 80% of spots in images)
Complet: 100.0%
- - Redundancy 15.0%
° N Delta 0.10°
0zzle switcner Instalimen nedoe e o
geso'lutiun 2.87A The predicted resolution from the diffraction images is 1.56 1
Time 1.00 onds
Attenuat. 98
282 higher resolution data, move the detector to

=
=
1

a

ERES- R
=2

 New optics: CRLs, multilayer T R
monochromator

 EIGER2 XE 16M
* move EIGER 16 to BL12-2

i
N BN
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To the future!

« Multi-crystal database
 Blu-Ice Strategy

« Dynamics automation
* Timing
« Automate EIGER with gonio
« 90°/second, fast framing, all remote
« Optical sources, Raman installment
* More sources! More fibers!

* Nozzle switcher installment

* New optics: CRLs, multilayer
monochromator

 EIGER2 XE 16M
* move EIGER 16 to BL12-2
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To the future!

« Multi-crystal database
 Blu-Ice Strategy

« Dynamics automation
* Timing
« Automate EIGER with gonio
» 90°/second, fast framing, all remote

« Optical sources, Raman installment
» More sources! More fibers!

* Nozzle switcher installment

* New optics: CRLs, multilayer
monochromator

 EIGER2 XE 16M
* move EIGER 16 to BL12-2
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To the future!

« Multi-crystal database
 Blu-Ice Strategy

« Dynamics automation
* Timing
« Automate EIGER with gonio
» 90°/second, fast framing, all remote

« Optical sources, Raman installment
» More sources! More fibers!

* Nozzle switcher installment

* New optics: CRLs, multilayer
monochromator

 EIGER2 XE 16M
* move EIGER 16 to BL12-2
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Questions we ask ourselves

 How much processing do we automate?

« How much data collection automation/autonomous?

 The thought: the further the user gets from the nuts and bolts of data collection, the less they
appreciate intricacies in the data.

« “Automation is more work for staff, less for users” - N.P.

 When do we intervene with data collection?
+ e.g. “Yikes, they are totally missing the crystal!”

 Where does data come from for strategy?
« Can users override acquired data?
» Does every collection generate a strategy?

 How do we handle storing data?
» Cloud?
« Massive physical storage?
e Junk it!

« How to teach new users?
* How much is too much? More widgets? More tabs? More options?
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Front End Glamour Shot
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