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1 How to become an SSRL user
There are seweral medanismsto becomean SSRL user:

Submitting a prop osal. Proposalscan be submitted for single experimerts, for a program
(i.e. dierent researt problemsor projects scierti cally linked or related to ead other) or for
rapid accesq"hot" new projects).

Setting up Participating Research Team (PRT access)
Scientic collab orations with SSRL sta

Additional information about proposal submissionincluding links to the appropriate forms and con-
tact information to becomea PRT or set up a collaboration with sta can be found at:

http://sm b.slac.stanford.edu/forms/becominguser

1.1 Writing a prop osal

A successfulproposal has three componerts:

1. Important structural targets, and/or a novel and useful experiment
2. Soundjusti cation of the needfor syncirotron time

3. Experienceand previous results (can you carry out the experimen)

Make your proposalstrong by balancing all three componerts; make a reasonableestimate of time and
determine the appropriate beamlines that could be used for your experimert; cortact any support
sta menber beforehandfor advice if you have any questions. Looking at other successfulproposals
can be helpful.

Examples of justi cations for syndirotron time include:

Data collection at energies(wavelengths) not available in the homelab. Required for MAD/SAD
experimernts.

Increasedintensity to push the resolution limit. What resolution do you have, why do you need
to extend it further? What question cannot be answered at the current resolution?

The ability to resole longer unit cells. What can the system at home resolwe, what can you
expect to resole at the synchrotron? Look into the beamline characteristics, do a quick calcu-
lation.

 http://sm b.slac.stanford.edu/



Fast automated screeningand characterizing many samplesusingthe SAM robot? and automated
sample analysis. What percertage of crystals provide good di raction, how many needto be
screeningto nd one suitable for data collection? How long would it take to do screeningat
home?

1.2 Beamtime requests

Spokespersonswith active proposalsare notied via email to submit a request. New requestsare
required three times a year and are due two months in advanceead stheduling period.

Beantine requestforms are available at
http://sm b.slac.stanford.edu/forms/beantime/

The forms provide options to request collaboration with sta, use of the sample mounting robot
(section 5) and remote data collection (section 4). Note: First time usersare currently requestedto
collect data at the beamline onceor to attend a training workshop® at the SSRL beforethey perform
the experiment remotely.

If you have an SSRL Unix accoun, pleaseprovide the ID(s) in the beantime application. This helps
support sta to prepare for your beantime. If you do not have an accoun, or if you needa new one
(e.g. you have started or joined a new group) pleasefollow the instructions to requestone®.

1.3 Other requiremen ts

For information on additional requiremerts oncebeamtime hasbeenassigned,Jeaseconsult the SMB
"Forms" menu:

Accessingthe SSRL site®

Shipping dewars and equipmert®

Chedk-in and safety training ’

2http://sm b.slac.stanford.edu/facilities/hardw are/SAM/
Shttp://lsm b.slac.stanford.edu/news/w orkshops/

“http://sm b.slac.stanford.edu/facilities/computing/a ccount.html
Shitp://sm b.slac.stanford.edu/forms/pretrip/

Shttp://sm b.slac.stanford.edu/forms/shipping

"http://sm b.slac.stanford.edu/forms/c hedin/



2 Experiment policies

2.1 Beamtime shifts schedule

The beantime starts at 3:00 pm of the rst day allocated to the experiment and end at 11:00 am
of the last day; exceptions: Accelerator Physics may move the end time to 6 am.

2.2 User responsibilities

Userscollecting data on-site are responsible for the following:
If applicable, reading and complying with the policies regarding use of heary metals (section
2.5), propane (section 2.6), compressedyases(section 2.8) and liquid nitrogen use(section 2.7).
Knowing and following all applicable safety protocols.
Posting the proper safety protocols and signsrequired for their experiment.

Cleaning up the beamline and lab areasbeforetheir run hasended.
Both on-site and remote users are responsible for:
Insuring that one experimenter who has attended the beamline orientation participates in the
experiment at all times.
Contacting SSRL sta in caseof a problem.

Backing up data beforetheir run hasended.

Reporting missing or malfunctioning equipmert.
Usersshould not attempt:

Making repairs or realigning beamline optics.
Removing covers or unplugging detectors and other electrical equipmert.
Rebooting computers.

Using SSRL computers other than those provided at the assignedbeamline.

2.3 O-line use of computer resources

Only run one job per blcpu madhine during the userrun.

There are no restrictions during madine physics and shutdown periods.



2.4 Use of the SAM rob ot for sorting samples between cassettes and/or unipuc ks

Blu-Ice provides an interface® for moving samplesbetween cassettesand/or uni-pucks. This facility is
available to SSRL usersduring their scheduled beantime. The following policies apply:

Samplesorting is consideredto be part of the experiment and should be completed by the end
of the stheduled beantime.

This serviceis not available during beamline maintenanceperiods, acceleratorphysicsor SPEAR
shutdowns.

All the SSRL cassettesor unipucks usedto move samplesmust be supplied by the user, and
mounted on the beamlinerobot dewar at the start of the experiment or during normal working
hours.

Sta may not be called at o hours or on weelendsto load a cassettein the dewar for sample
sorting.

2.5 Heavy metal use

The following protocol is required for on-site preparation of heavy atom solutions or crystal soaking.
It doesnot apply to useof frozen pre-soaled crystals.

Post the "Caution: Heavy Metal Solutions” signin the working areaprior to usage.

Ensure that containers of solutions containing heavy atoms are clearly labeled, identifying con-
tents, owner's name, cortact telephonenumber and date.

Heavy metal solutions can only be made up in one of the Biotechnology Laboratories, and safety
glassesand glovesshall be worn. Containers of volatile heary metal solutions shall be openedin
a working hood in one of theselaboratories. The areain the hood must be lined with absorbent
material.

Quantities of lessthan 1 ml of solution, cortaining lessthan 0.1 M of heary metals, may be
removed from the Biotechnology laboratory in labeled and tightly sealedcontainers and trans-
ported to the sample preparation areaat the beamline for soaking crystals.

Soaking crystals at the beamline shall be performed in the Heary Metal cortainment tray;
absolutely no exceptions . The tray is located next to the computer table. Contact support
sta if you can not locate the containment tray. The tray should be lined with absorbent
material.

Spills outside the cortainment tray shall be wiped up immediately with absorbert material
(presert at the beamline toolborad). The SSRL Safety O ce must be noti ed immediately of
any heary metal spill that escapesthe containment tray. Pleaseconact the Beamline Duty
Operator for this to occur.

8http://sm b.slac.stanford.edu/facilities/so ftware/blu-ice/s ort _tab.html



Any liquid or solid waste, including gloves, absorbent material and other contaminated material
should be bagged, clearly labeled and disposedof as hazardouswaste. The SSRL Safely O ce
should be contacted for proper disposal.

All heavry atom solutions shall be returned to the user's home laboratory at the nish of the
experimernt.

2.6 Propane and ethane use

The following protocol is required for bottles/canisters of propane or ethane gasusedat SSRL for the
purposeof ash-cooling samples. The useof prefrozensamplescontaining propane or ethane doesnot
require any special protocol.

The "Caution Flammable Gas" sign must be posted at the work area prior to usage. Only
small bottles/canisters are allowed at SSRL (lecture bottles). The propane/ethane bottle shall
be set up for dispensingin a clear open space.

The bottle must be securedto the table.

No electrical appliances or ignition sources, such as a wax melter, microscop e, etc.
are allowed to be in this area.

The amourt of liquid propane/ethane dispensedfor ash cooling should not exceed10 mL.
After dispensingthe gas, ensurethe bottle valve is rmly closed.

Empty gasbottles shall be returned to the experimenter's home institution.

2.7 Liquid nitrogen use

This section describeshazardsand proper handling proceduresfor work with liquid nitrogen

2.7.1 Skin and eye frostbite burns

Direct contact with liquid nitrogen, metal or other material that is in contact with liquid nitrogen or
cold nitrogen gascan causefreezing of exposedtissue.

Follow all documented proceduresfor a given task and any additional instructions that may be
posted at the work site.

Wear the appropriate Personal Protection Equipment (PPE) appropriate for the task.



Table 1: Required PPE for handling Liquid Nitrogen

Safety Cry ogenic Goggles or | Long Pants | Closed-to e | Insulated
Glasses Gloves Face Shield | without shoes tool  han-
cus or dles
Apron

Fill  dewar with | X X

close-lmop transfer

line

Fill  dewar with X X X X

open ow delivery

line

Dewar to dewar | X X X X

transfer

Removing/storing X X X X

items in dewars

Transporting open | X X

dewars holding less

than 0.5L

Disposing of liquid | X X X X

nitrogen by pouring

on ground

Disposing of liquid | X X

nitrogen by bub-

bling warm nitro-

gengas

Manipulating pro- | X X

tein crystals in de-
wars

Transporting  de-
wars or tanks with
lids or closedvalves

Disposing of liquid
nitrogen by evapo-
ration

10




2.7.2 Asph yxiation

In con ned areas,there is a risk of asphyxiation by displacemen of oxygen. Do not useliquid nitrogen
in a con ned spaceunlessthe maximum allowable amount of liquid nitrogen has beenposted by the
SSRL Safety O cer or if the room is equipped with an oxygen de ciency (OD) alarm.

All experiment hutchesare equipped with OD alarms. Immediately exit the hutch if the alarm
sounds. If the OD alarm soundswhen you are outside the hutch, do not erter the hutch.Do not
open the door until the alarm has stopp ed.

The experimental o or is also equipped with oxygen alarms, which can activate if, e.g. a liquid
nitrogen line ruptures or leaks. If the experimental o or OD alarm sounds, treat it like am
emergencyalarm: exit the building through the nearestexit and do not re-erter until the duty
operator indicates that it is safeto do so.

Cold rooms in general are not equipped with OD alarms. Do not exceedthe posted amount
of liquid nitrogen allowable in the con ned space. If there is no posting, do not bring liquid
nitrogen into the con ned space.

2.7.3 Instructions for liquid nitrogen disp osal

Use a warm nitrogen bubbler to evaporate liquid nitrogen when possible.

Small amounts of liquid nitrogen (lessthan 0.5 Liters) can be poured carefully in an open area
onthe oor.

Larger amounts must be pouredin an open area outside the building.

2.8 Compressed gas experimen ts

The following policiesapply for work at the SSRL involving gasesdeliveredin compressedjascylinders
(CGO):

Requeststo work with CGC must be indicated the Beam Time RequestForm?® (typically sub-
mitted three times per year). To make a requestafter the form has beensubmitted, cortact the
SSRL User O ce.

Standard instructions and safety protocolsare to be applied when using the SSRL pressurization
cells:

1. The SSRL pressurecells may only be usedas speci ed in the instructions°.
2. The CGC must be securedat all times during the experimert.
3. Only support sta are allowed to replacean empty CGC.

Shttp://sm b.slac.stanford.edu/forms/b eamtime/
Phttp://sm b.slac.stanford.edu/hardw are/pressurecell
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The following experiments require speci ¢ safety protocolsto be developed by SSRL sta ; this
requiresat leasta 1 month lead time beforethe beamtime:

1. Experiments using CGC directly purchasedand shipped by the user.
2. Experimernts involving ammable, toxic or corrosive gases(e.g. 02, CO).
3. Experiments involving gasesconducted in the cold room or other con ned space.

The Hazards Form?! is required for cases2 and 3.

Xenon and Krypton CGC are supplied by the SSRL SMB group. Other gasesnay be purchased
through SSRL by lling the specialty gas purchaseform?!?, Setting up an SSRL accourt!® is
required for purchasingitems through the SSRL.

 http://vww-ssrl.slac.stanford.edu/users/user _admin/form _hazards.html
2 http:/lwww-ssrl.slac.stanford.edu/users/user _admin/form _gas.html#Sp ecialty
13 http://vww-ssrl.slac.stanford.edu/users/user _admin/user _acct.pdf
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3 On-site experimen ts

If you needto complete GERT or other safely training (e.g., to accessthe sample preparation
lab), goto the Users'administration o ce in building 120.

If you shipped frozen samples,the dewar should be at the beamline. If it is not presen, chedk
the dewar receiving area downstairs in building 120.

Incubators with adjustable temperature are available at ead beamlineto store samples;there
are also cold rooms (4 C) in the sample preparation lab. You can store pre-frozen samplesin
the storage dewar provided at the beamline.

Note: The samplestoragefacilities at the beamlineare meart to be usedonly for
the duration of the experimert; if you require longer term storagefacilities please
contact the usersupport sta. Samplesleft at the beamlinesmay be accidertally

destroyed or disposedof.

When you arrive at the beamline call your assignedsupport sciertist. The name and contact
information will be written on the beamline white board. After you have corntacted the support
person,you may call the duty operator: Either call the extension number 4040 or dial 161 to
accessthe intercom system and ask the duty operator to call the beamline extension number
(written on the beamline phone). Repeat the messagdwice.

When you arrive, the hutch door will usually be open. Do not enter the hutch if the door is
closedwithout rst cortacting support sta .

Log in to oneof the terminals at the beamlineusing your id and password. Contact your support
person if you experience di culties logging in. For information on the beamline computer
ernvironment consult the documert at

http://sm b.slac.stanford.edu/facilities/computing.

Readthe beamline policy documerts®4, paying particular attention to the safety proceduresthat
apply to your experimert.

You can nd additional documertation about the available user facilities at:
http://sm b.slac.stanford.edu/facilities

3.1 On-site safety proto cols

As per beamline policy (section 2), it is your responsibility to know and follow all safely protocols
applicable to your experiment, samplesand equipmert you bring to the SSRL. Pleasenote the SSRL
haspoliciesconcerningthe useand disposalof propaneand ethane(section 2.6),liquid nitrogen (section
2.7), heavy metals (section 2.5) and compressedgases(section 2.8). Pleasefollow all the applicable
rules.

¥http:/lsm b.slac.stanford.edu/facilities/p olicy
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3.2 Safety in the experimental hutch

To minimize the possibility of acciderts while working inside the hutch, there are restrictions on the
motors that can be moved from certain locations.

When the hutch door is open, you must use the computer monitor in the hutch to move the
detector on every beamline and energyon 7-1,9-1 and 11-1.

Oncethe hutch is searthed and locked, motors can be moved from the consolesoutside the hutch.

Motor movemernts can be immediately stopped by pressingany of the large yellow emergency
buttons (g.1). The motor resetbutton (g.2) must be pushedto reactivate the motors.

Figure 1: Emergencybuttons

Figure 2: Motor resetbutton, located in the hutch near the door

14



Note: If the Blu-Ice status window displays the messagesMOTOR  STOP
BUTTON LA TCHED" after a motor move is requested,an emergencystop
has beenactivated. Pressthe greenreset button and try again.

The hutches are equipped with oxygen de ciency sensors.An alarm will go o if the oxygen content
in the hutch falls belowv 19.5%. This may happen while the nitrogen dewar is being re lled. Do not
enter the hutch or open the door if the oxygen alarm is sounding! . If the duty operator
arrivesto investigate the oxygen alarm, explain that the alarm will be automatically reset oncethe
dewar hasbeen lled. If the alarm doesnot subsidewithin a few minutes after the nitrogen lling is
nished, call support sta.

3.3 Moun ting samples

The following instructions describe how to mount samplesmanually. For automated samplemounting,
pleaserefer to the SAM robot useinstructions (section 5).

3.4 Making room to safely mount samples

An X-terminal monitor is available inside the hutch. You canlogin at this terminal and start Blu-
Ice (seethe Blu-Ice documertation ). To be able to mount samplescomfortably, the detector
should be moved to about 400-500mm and the beamstopto 40 mm.

On tunable side-station beamlines(11-1, 9-1, etc.) move the energyto a high value for easier
accesdo the mounting area.

3.5 Moun ting samples in the cry ostream.

The 4LD lling dewar ( g.3) canbe usedfor dispensingliquid nitrogen. It canbe lled up at the
closest lling station (near beamline 9; behind beamline 11-1; or the dewar shipping/receiving
areanear beamline 1-5).

Cryo-tools are available on the tool board?®.

A microscope (g.4) is available for mounting crystals and ash-cooling directly in the cold
stream. The microscope can be placed on a small table on top of the dewar inside the hutch.
The table (located near the toolboard) can be installed as shovn belowv (g.5). Usethe plastic
step stored inside the experiment hutch to reac the microscope table.

Imp ortan t: On 11-1you can use a foldable step to easily readh the microscope
table. Remenber to fold badck the step before you attempt to move motors or
start data collection; failure to do sowill prevent somemotors from moving.

Bhttp://sm  b.slac.stanford.edu/facilities/so ftware/blu-ice/
http://sm b.slac.stanford.edu/facilities/hardw arefother/ toolboard.html
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Figure 3: Dewars available at the beamline. The two white Nalgenedewars can be usedfor short term
cassette, pucks or samplesstorage and transport; the 4LD dewar can be used for dispensing liquid
nitrogen.

Figure 4: Beamline microscope

Roughly align the goniometer for your samplesby mounting an empty pin of the samelength
on the goniometer head and certering it as described in the Blu-lce documertation 1’. If there

Yhttp://sm b.slac.stanford.edu/facilities/so ftware/blu-ice/h utch_tab.html
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Figure 5: Mounting the microscore table in the experiment hutch

is not enoughroom betweenthe goniometer and the cryonozzle,translate the cryocooler badk
(9.6) until the pin ts in. After the sampleis certered, make sure that the distance between
the cryonozzleand the loop is at most 10mm. Readjust the cryocooler translation if necessary

Figure 6: Translation stage for the cryonozzle. Two of the micrometer screwsare showvn. The third
one, for horizontal translation of the nozzle,is on the other side of the translation stage (not seenin
the picture).

Verify that you can easily insert the tongs to mount or remove the sample pin.

Ched that the certered loop is in the certer of the cryostream. If it is not, usethe other

17



cryostream adjustment screws( g.6) to align it to the loop.

Ched that the temperature of the cryo-cooler, displayed on the cryo-cortroller (g.7), is about
100 K. Occasionally the temperature may be a few degreeshigher. This meansthat the unit
will soon need maintenance, but it should not a ect the sample. Do not try to adjust the ow
rates as this can causeicing.

Figure 7. Cryo-cortroller

If the heat shield icesup, replaceit with the sparefrom the toolboard. Let the support sciertist
know that it has beenreplaced.

If the crystal has snov ak es, it can be cleanedby pouring a small amourt of liquid nitrogen
(use a cryo-vial) over it. Protect the sample camera (g.8) by covering it with a clean light
object (for example,the light blue foam covers for the small dewars).

3.6 Moun ting crystals in capillaries

The Oxford cryostreamcanbe usedto collect data at temperaturesother than 100K. The temperature
can be changedat the cryostreamcortroller ( g.7) outside the hutch (you need to ask the supp ort
sta to enable manual control of the cryojet before being able to do this):

On the left hand side of the controller, under the temperature display, there is a black button
labeled "set". Pressingthis button will display the set temperature. Pressingthe "raise" red
button to the right of the display while pressingthe "set" button will increasethe set tempera-
ture.

Once the set temperature has reated the desired value, releasethe buttons. Monitor the
temperature display to nd out when the systemreacesthe new set temperature.
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Figure 8: The samplecamera

Adjust the translation of the cold stream nozzleasdescribed above (section 3.5) to accommalate
the capillary.

3.7 Sample illumination

In the casethat the overheadlamp doesnot provide adequateillumination, the cold light sourcecan
be usedto better view the sample. Use the Blu-Ice interface to turn the light on and adjust the
intensity of the light until you obtain a clear view of the sample. When using automated certering of
the loop, the software will temporarily turn o the cold light source. The software will alsoturn o
the light if the software has beenidle for sometime.

3.8 Checking out

Make surethat all data are badcked up or transfered to your home computer. Read the instruc-
tions for using the available badkup facilities!8.

Return all the items you have borrowed to the toolboard; if the small open dewars still contain

Bhttp:/lsm b.slac.stanford.edu/facilities/computing/ba ckup.html
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liquid nitrogen you may leave them to empty and dry o on the table (asfar away from the edge
as possible).

Throw away all garbage. Recyclewhite paper and printouts in the blue recycling bins near the
beamlineprinter. Put usedsharpsand glassin the sharpsboxesprovided. Disposalof hazardous
material should be arranged with the safely o cer (Matt Padilla, ext. 3861).

Fill out the end of run summary!®. Be as specic as possiblewhen reporting problems at the
beamline. For problemsrequiring prompt attention, you can alsosendan e-mail to your support
sta cortact person.

If you nish, or know in advancethat you will nish your experimen more than two hours early,
call your contact personon the beamline phone or, outside normal working hours, sendthem an
e-mail.

Usersmay leave an experiment running at the end of their run, aslong asit nishes before 11
am. Leave a note or e-mail support sta and leave a phone number where you can be reaced.
Experiments running unattended after 11 am may be stopped, unlesspreviously arranged with
support sta .

19 http://www-ssrl.slac.stanford.edu/users/user _admin/form _ers.html
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4 Remote experimen ts

Complete protein crystallography experimerts can be carried out from remote locations using remote
accessapplications®®. Userswishing to collect data remotely should indicate this on their beartime
requestform.

Remote usershave accesdo all experimental facilities, except when they require on-site preparation.

4.1 Preparing aremote experiment

Determine the beamline contact person for your experiment by consulting the support sta
scthedule?l. Sta cortact information is available by clicking on the name of the support person
in the Supp ort Sta list or by using the support sta web pageat

http://sm b.slac.stanford.edu/public/sta /sta page.php#MC-Sta . Contact the assignedsup-
port personbeforethe experiment to provide your contact information during the experiment
(preferably a cell phone).

Download and install the free NX client software as explained in the remote Unix desktop
documertation?? or the corresponding video tutorial 23. Verify that the NX client can be used
to successfullyaccesshe SMB computers beforethe experimert.

Imp ortan t: Please chedk the NoMachine site?* periodically (e.g., every few
months) for updated versionsof the NX client.

First time remote usersshould arrange a practice run with their assignedsupport personbefore
their stheduled beamtime.

Carefully read the instructions for preparing and shipping samplesto SSRL (section 5). Pay
special attention to the following:

{ Only usesample pins that are compatible with the SSRL robot (SAM).
{ Know the safety practicesat SSRL for handling liquid nitrogen.
{ Replacethe liquid nitrogen in the loading dewar as scon as any ice forms.

Download an Excel spreadsheettemplate?® for the SSRL cassetteor the Unipuck. Fill out a
separate spreadsheetfor ead cassette or adapter (four pucks); seethe SAM documertation
(section 5.4). Enter the cassetteor puck pin (engraved in the top of the container) in the Excel
le ContainerID column for proper identi cation by the usersupport sta .

Dhttp://lsm  b.slac.stanford.edu/facilities/remo te_access/

Zhitp://sm b.slac.stanford.edu/schedule/sch_sta .cgi

2http:/lsm b.slac.stanford.edu/facilities/remo te_access/remote desktop/
Bhttp://sm b.slac.stanford.edu/users_guide/tutorials/nxtotal.swf
Bhttp://sm b.slac.stanford.edu/templates/spreadsheets
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4.2

Once the spreadsheetis lled in, upload it into the Sample database’®; for help uploading the
spreadsheetseethe SAM documertation (section 5.4.1), or the video tutorial 2’28, When your
beamtime beginsthe excelspreadsheetinformation can be be assignedto a particular beamline
and cassettelocation inside the dewar; seethe SAM documertation (section 5.4.2).

Dewars should arrive at SSRL 1 day in advance of beamtime. Usethe "Shipping Dewars to
SSRL form"2°. The tracking number must be included in the form. Also, make sure that you
specify that you are doing a remote experimert by clicking on the corresponding chedk box and
Il up the requestedinformation for return of the dewar.

After submitting this form, a PDF le will be created that includes your shipping labels and
return shipping forms. Save this le, print theseforms, attach the shipping labelsto ead dewar
cortainer and insert the return shipping forms inside ead cortainer.

Imp ortan t: Sta will not be able to sendyour dewar badk unlessyou sendthe
return form!

Remote data collection

Remote experiments are scheduled to start at the normal time (3 PM). Howewer, support sta
may contact you to start earlier in the day (as early as 11 AM).

Support sta will mount your cassette(s),seart and lock the experimental hutch, probe cassettes
for jammed pins and enableaccesso Blu-Ice.

Support sta will then corntact you and inform you of the following:

{ Cassettelocations (left, middle or right position) in the dewar; you canthen assignthe excel
spreadsheet(s)to the correct location in the dewar from the Sample Database or Blu-Ice
as described in the SAM system documertation (section 5.4.2).

{ Pin locations that might causea port jam (when a real port jam is detected during the
probing, the corresponding cassetteport is automatically disabled).

{ When you can start your experimert.

Data collection and data processingare carried out in exactly the sameway as on-site; seethe
data collection and processingsection (section 6).

The beamline can be monitored using the standard video feedsin Blu-Ice or Web-Ice.

When you nish your experimen, contact the beamline support sta (use e-mail between9 pm
and 9 am); oncesta have beennotied, they will put your cassette(s)bad into the shipping
dewar, attach the return form (supplied by you) and arrange for its shipment. Note that your
dewar cannot be shipped unlessyou provide a return shipping form.

Bhttp://sm b.slac.stanford.edu/crystals/Cassettelnfo.j sp

Zhttp:/lsm b.slac.stanford.edu/users_guide/tutorials/upload _spreadsheethotspot2.swf

21 you are using an Excel spreadsheetlacking the ContainerlD column, enter the correct cassette pin in the input
box in the uploading web page.

P http:/lsm b.slac.stanford.edu/forms/shipping/Dew arToSSRL.html
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Fill out the end of run summary form®°.

If you wish to store your dewar at SSRL between experimen ts, you do not have to
provide a return shipping form. Instead, inform the user support person. It is important that
you alsonotify the support personfor your next experiment, who may not be the sameoneasfor
your current experiment, even if using the samebeamline. Pleaseched the Support Schedule.

Note: At the momernt users'sample corntainers may only be stored in the dewar
they were shipped, with accomparying paperwork. We are unable to return the
dewar and provide our own storagefor the cassetteor Uni-Puck.

4.3 Remote experiment support

For questionsor problemsthat develop during the experimert, pleaseconsultthe online documertation
or the FAQ (section 8) before cortacting support sta. Use the beamline cell phones’® or weelend
phoneto reach sta during call hours (seebelow), e-mail at any other time.

Information about the beam status is available through the SSRL Web site®?. You can also call the
number (650) 926-BEAM (2326).

Support sta  will be on call from 9 am to 9 pm. If the system should stop for somereasonafter 9
pm, pleasesendan e-mail to the assigneduser support sta and the problem will be addressedin the
morning. If beamtime should be lost, additional time may be assignedat the end of the normally
scheduled beamtime (11 AM - 3 PM).

Currently the following are not supported:
Manual sample mounting; Automated sample mounting with the SAM robot is required for
remote access.
The useof a Kappa o set (currently incompatible with automated sample mounting).
Derivatizing sampleswith the SSRL Xe/Kr pressurecell.

Tape or FireWire badkups. Seeother options available in the computing resourcesdocumerta-
tion 2.

Installation of the high resolution beamstop™.

GL dependert graphics programs such as O and COOT are now supported by the NX client,
but the graphics applications may be slow.

30 http://www-ssrl.slac.stanford.edu/users/user _admin/form _ers.html

Slhttp://lsm b.slac.stanford.edu/sta /b eamline-phones.hml

2 http://www-ssrl.slac.stanford.edu/talk  _display.html

Bhttp://sm b.slac.stanford.edu/facilities/computing/ba  ckup.html

%http:/lsm b.slac.stanford.edu/facilities/hardw are/other/ beamline_toolboard/bin11.h tm
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5 Using the SSRL Automated Moun ting (SAM) system

SAM is a completely integrated hardware and software system for mounting and dismourting pre-
frozen protein crystals and screeningsamplesfor x-ray diraction quality in a fully automated or
semi-automated fashion. SAM is installed on all of the SSRL macromolecular crystallography beam
lines and is seamlesslyintegrated into the beamline control and data analysis software. A typical
screeningsequencetakes about 3 minutes per crystal (robotic crystal mounting, automatic sample
loop certering in the x-ray beam, video and di raction image acquisition at 0 and 90 degrees,and
dismounting. The diraction imagesare analyzedand autoindexed on the vy .

Samplesmay be stored in either SSRL cassettesor Uni-Pucks (g.9) for usewith SAM. If you are
scheduled beamtime with useof the robot samplemounting system, a cassettekit will belent to you.

The following sectionsdescribe how to prepareyour crystals for data collection using the SSRL robotic
sample mounting system. Follow these instructions to prepare the sample pins, mount them in an
SSRL cassetteor Uni-Puck and ship them to the SSRL.

For additional information on the SAM system, seealso the guide to automated sample screening
(section 6.1). For information about the cassettekit tools, including drawings and vendor information,
seethe SAM hardware web pages®

Figure 9: The two typesof container for automated sample mounting at SSRL

5.1 Sample pin selection and preparation

To have a successfukexperiment proper samplepin preparation is essetial. The majority of problems
we have obsened with SAM have beenrelated to useof improper samplepins. To avoid theseproblems
pleaseread the following directions.

Shttp://sm b.slac.stanford.edu/facilities/hardw are/SAM/
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5.1.1 Allo wed typ es of pins

The SSRL system supports only Hampton-style CrystalCap Copper Magnetic pins or CrystalCap
Magnetic pins. The allowed pins sizes(g.10) are 14, 16 or 18 mm. The 18 mm size copper pin is
preferred.

Figure 10: Preferred size of pin. Hampton cryo-loops should be cut at the segmen closestto the
loop for usewith the CrystalCap Copper pins. Do not exceed the maxim um MicroT ub e length
shown in the diagram! Unacceptablelengths are marked with a red x.

Compatible Hampton-style samplepins ( g.11) may be purchasedfrom a number of vendorsincluding
Hampton Researti®®, MiT eGer?’, or Crystal Positioning Systems®. If samplepins are purchasedfrom
MiT eGen, the B2 baseshould be usedwith the 11 mm MicroMounts, 11 mm MicroMeshesor with 10
mm nylon cryo-loops. Pleasenote: the SSRL crystal auto-certering routines are not yet optimized for
usewith the MiT eGenMicroMount. SPINE pins can not be used with SAM .

We recommendusing Hampton-style Copper Magnetic pins becauseno laser etched lines are exposed.
The microtub esusedwith Magnetic pins can sometimesbreak o if bumped (g.12).

5.1.2 Pin preparation

Microtub esshould be a xed inside samplepins using epoxy. Any epoxy with a curing time between5
minutes and 24 hours should work well for this purpose. We have found that superglue and superglue

% http://www.hamptonresearc h.com
37 http://www.mitegen.com/
% http://lwww.crystalp ositioningsystems.com/
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Figure 11: Commonly available pin types

Figure 12: Broken microtub esusedwith Magnetic pins can make the pin jam inside the cassetteport,
stopping the robot.

gelis lessreliable than epoxy for a xing microtubes. A number of failures with the SAM systemhave
beenattributed to using other typesof adhesives on sample pins such as wax, nail polish, and Duco
cemert. Theseshould not be used( g.13).

If an adhesiwe other than Epoxy has beenusedto ax the microtubesto your
sample pins, pleaselet your user-supmrt personknow in advance of using them.
Thesepins may causeproblemswith SAM.
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Figure 13: Use Epoxy to ax the microtubesto the samplepins. Glues other than Epoxy have been
obsened to causesample mounting errors.

Be careful not to usepins with excessepoxy on the pin baseor postpin-excessand do not get greaseor
excesscryo-protectant on the pin body. At liquid nitrogen temperatures, greasefrom crystallization
trays gets rock hard. If you cortinually reuseyour pins, pleasealso inspect them for corrosion and
loose microtubes. Anything that changesthe outside form factor of the sample pin could causethe
pin not to t properly in the SAM robot tongs.

Warning: Do not usepins with excessepoxy on the copper post. ‘

If you would like to mark your sample pins di erent colors, use permanert marker for this purpose.
Paint or nail polish should not be used as this can change the form-factor of the pin or be sticky.
Hampton Researth now sells a new pre-asserbled Copper Magnetic sample pin (catalog humber
HR5-112) which is already color coded according to the size of the nylon loop attached. It also has
an alpha numeric code and bar code.
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5.1.3 Pin testing

All pins must betestedto ensurethey fall within the allowed tolerances. We have found someirregular
pins that if usedwould damagethe SSRL sample mounting system. To test your pins, place them on
the end of the Pin Tester magnetic tool ( g.14) on the red line. Only use pins that completely cover
the red mark without forcing. Pins that fail this test should not be used!

Figure 14: Use this tool (included with the SAM kit) to test all your pins before use with the SAM
robot

5.1.4 Re-using pins

Broken micro-tubes(g.12) and torn nylon loops are usually a result of mishandling sample pins in
preparation for reuse. In particular pins should not be piled together in a container when washing
and drying them. To wash pins, place them individually on a magnetic tray. Hang the tray upside
down to dry the pins. It is important to store your sample pins in a safe place when they are not
in use. The microtub e storagerack ( g.15), available through Fisher, is a useful storage location for
extra pins.
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Figure 15: Storing pins for re-use.

5.2 Loading and shipping SSRL cassettes
5.2.1 SSRL Cassette kit

If you are stheduled beamtime with use of the robot sample mounting system, a cassettekit (g.16)
will belent to you.

The cassettecontains 96 sample ports ead port contains a ring magnet which holds in the sample
pin. A cutaway view of the cassetteis shovn below (g.17). The ring magnetsare shavn in green.
The magnetsare held in placeby a polycarbonate washershowvn in white. The washersare removable
soany broken ring magnetsmay be replaced.

Cassettesshould not be stored where magnetic debris can get inside the ports. Before using your
cassette,it should be inspectedto ensurethe ports are all empty.

The transfer handle is usedto safely transport cold cassettes.To attach the transfer handle (D) to a
samplecassette(A) (g.18) rst placethe locking pins into the slots at the top of the cassette. Then
push down the handle, and rotate clockwise until the handle locks in place.

The slotted guide tool (g.19) consistsof a long magnetic wand with two slots in the middle and a
loading guide with a track on the handle that accommalates the slots on the wand tool. To ash
freezesamples,the wand may be inserted into the top of the loading guide. To transfer pre-frozen
samplesit is important to keepthe samplesat liquid nitrogen temperatures during transport into
the cassette. The wand should be inserted from the side of the slotted guide tool to keepthe sample
under liquid nitrogen during transfer. Usethe slot closestto the red (or maroon) side of wand (weak
magnet) for loading samples.

When unloading samplesthe wand is turned around and the opposite slot and stronger magnet is
used.

The circular cutout in the loading dewar may be usedto hold samplesin cryo-vials or pucks for
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Figure 16: Cassette Kit: (A) Sample Cassette and 96 Hampton pins (microtub es and loops not
included) (B) Dewar Canister - replacesstock canister in dry shipping dewars (C) Te on Ring - to
support the canister in the shipping dewar (D) Transfer Handle - for transferring cold cassettes(E)
Magnet Tool - to mount pins in cassetteand to the test sizeof pins (F) Guide Tool - to aid in mounting
pins into cassetteswith the magnetic tool (G) Styrofoam Spacer- to keepthe cassettein place when
shipping one cassette;not showvn: A dewar for mounting crystals into the cassette.

transfer.

For additional information about the kit tools, including drawings and vendor information, pleasesee
the SAM hardware web pages®.

5.2.2 Avoiding ice

The most common problems we seeobsene with cassetteloading is the accunulation of ice in the
liquid nitrogen bath. Ice will stick to your sampleasit is transferred through the liquid nitrogen on
the way to the cassetteport. It can alsofall inside the cassetteports. If excessice is obsened in the
bath, the cassetteshould be storedin a cold dry-shipping dewar and the loading dewar emptied, dried
and re lled with liquid nitrogen before proceeding.

Imp ortan t: To prevert ice from accunulating in the liquid nitrogen, the cassette
should not be stored in the loading dewar for more than 20 min utes without
exdchanging the liquid nitrogen.

To avoid ice accumnulation, it may be usefulto to load cassettesunder a fume hood or a dry box (as
an example, seea description of Nham Nguyen's setup at

%http://sm b.slac.stanford.edu/facilities/hardw are/ca ssette_kit
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Figure 17. Cassette diagram. The ring magnets are showvn in green and the washersholding the
magnet are shavn in white

http://sm b.slac.stanford.edu/facilities/hardware/cassetie_kit/lce free Nham.pdf). If not usinga fume
hood or a dry box, cover the dewar with the lid when you are not mounting crystals. To prevernt ice
from falling into empty cassetteports, someusersadvise lling empty ports with blank pins. Each
blank pin is removed just beforeinserting a samplepin into the port.

5.2.3 Loading samples in the SSRL cassette

Imp ortan t. Pleaseread the safetly notes (section 2.7) beforeworking with liquid nitrogen and make
sureyou are familiar with the liquid nitrogen safety proceduresat your institution.

1. The custom foam dewar should be lled up to the internal indicator ledge (g.20.) This takes
about 4 Liters of liquid nitrogen; it will be necessaryto top o the liquid nitrogen level after
inserting a warm cassette.

2. Oncethe dewar is lled and equilibrated, place the cassettein the dewar and tilt the transfer
handle until it rests inside the side notch. Then push the cassetteforward (g.21a) until the
bottom of the cassetteis touching the edgeof the dewar.

3. The guide tool may be pre-cooled on the side dewar shelf ( g.21b). To prevent condensationon
the metal portions of the guide, it may be stored on the shelf betweenloading samples.

4. Rotate the sample cassettewith the transfer handle to accesghe desiredcassetteport.
5. Placethe guidetool (F) on the cassette( g.22a) certered on the port.

6. To ash freezea sample:
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Figure 18: Attaching transfer handle to cassette

(a) Put a pin onto the red side of the magnettool (E) and pick up a crystal ( g.22b,c).

(b) Flash-freezethe crystal (g.23) by placing the pin through the handle of guide tool and
into the cassetteport, minimizing the time the crystal is in the air.

7. To transfer a pre-frozen samplefrom a vial (or puck):

(a) Tilt the vial and use the red side of the magnetic wand tool to remove the sample pin
(9.24b,c). Be careful to keep the sample under liquid nitrogen at all times. (Vials or
pucks may be placedin the round cutout inside the dewar.)

(b) Slide the lower slot of the magnetic wand tool into the guide tool ( g.25) while keepingthe
sampleunder liquid nitrogen.

(c) Once the magnetic wand tool is in the certer of the guide tool, the wand tool may be
pressedagainst the badk of the guide and pushed downward placing the pin into the port.
(It is sometimeshelpful to rotate the wand while it is pusheddown to break any ice that
may have formed between the magnetic wand tool and sample pin.) The magnetic tool
may then be pulled up, removed and the next sampletransferred.
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Figure 19: Guide tool

Figure 20: Filling the custom foam dewar

As you Il the cassettewe recommendyou record the location of ead crystal
as described in the sample Excel spreadsheetdocumertation (section 5.4). A
separate le should be created for ead cassette.
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Figure 21: a. Placing the cassettein the foam dewar. b. Storing the guide tool.

Figure 22: a. Placing the guide tool into the cassette.b. Putting the pin on magnettool. c. Picking
the crystal.

5.2.4 Preparing cassettes for shipmen t

Imp ortan t: It is strongly recommendedto test the shipping dewar*® prior to
shipping samplesto make sure that the sampleswill be kept cold beforearrival.

Placethe Te on support ring (C) inside the shipping dewar ( g.26) beforeinserting the canister
(G) and Il the dewar with liquid nitrogen in the usual manner.

Transfer the cassetteinto the canister in the dewar, minimizing the time the cassetteis in the
air. Remove the transfer handle from the cassetteby pushing down on handle and turning
courter-clockwise to releaseit.

Two cassettesmay be shipped inside one canister. When shipping just one cassette,place the
Styrofoam spacer(F) on top of the cassetteto keep cassettein place during shipmert.
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Figure 23: Flash freezingthe crystal

Figure 24: a. Placing the guide on the cassette.b. Picking the pin. c. Transferring the pin

The cassettesare compatible with most dry shipping dewars. We recommendusing the conbi-
nation of a MVE model SC4/2V, Taylor Wharton CX100 or CXR100R cryogenicshipping dewar
with a Taylor Wharton TAY CX10-8CO0dewar cortainer.
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Figure 25: Using the guide slot under liquid nitrogen.

Figure 26: Placing the Te on support ring (C) inside the shipping dewar

36 Styrofoam spacer



For information on how to ship dewars to and from SSRL seethe User Shipmerts web page®!.

5.3 Loading and shipping Uni-Puc ks

For information about loading and shipping samplesin the Uni-Puck see:
http://sm b.slac.stanford.edu/news/workshops/workshop06/UniPuckLoading_October5_2006.df

Imp ortan t: It is strongly recommendedto test the shipping dewar prior to
shipping samplesto make sure that the sampleswill be kept cold beforearrival.

5.4 Storing sample information: The Excel spreadsheet

Sample information is entered into a Excel spreadsheetle. The spreadsheethas a specic
format for usewith the SSRL Sample Database( g.27) and data collection applications.

The following instructions explain how to download, Il up and upload a spreadsheet.An on-line
video tutorial is also available.

{ You candownload a spreadsheetemplate*? for the SSRL cassetteor the Uni-puck adapter.

If your browser cannot display Excel spreadsheetsclick the Save to le button in the
pop-up menu; navigate in the dialog box to the directory of choice and click Save.

{ Typein the information for the samplesin the cassette(usea separate le for ead cassette).
Imp ortan t: Make surethat "text" format is used.

The ContainerID eld is usedto uniquely identify the cassette. You should enter

the number engraved on the top of your cassettein this column; the value for this

column can alsobe setby the SampleDatabaseserer when you upload the spreadsheet
as explained in the spreadsheetuploading procedure (section 5.4.1). The serwer also
generatesthis column if it is absert (as it is the casein spreadsheetgyeneratedbefore
the 2005-2006SPEAR run).

The Port eld indicates the position of the sample in the SSRL cassette. ID and
Directory are usedby the screeningsoftware to identify and store les. The other
elds are not usedby the system, but they are intended to help track and identify ead
sample.

Imp ortan t:  Use only alphanumeric characters with no blank spacesfor the
Crystal ID. Special characters, brackets and spacesare not valid in image le
namesand will causethe screeningto stop.

After downloading or editing the spreadsheet,verify that it is saved as a 'Microsoft
Excel Worksheet' or *.xls.

Seealsoinformation on editing the spreadsheef(section 5.4.4).

{ You can also download spreadsheetemplates from the Sample Databaseinterface:
http://sm b.slac.stanford.edu/crystals/
Seelog-in instructions in the following section (section 5.4.1).

“http://sm b.slac.stanford.edu/forms/shipping/Dew arToSSRL.htm!|
“http://sm b.slac.stanford.edu/templates/spreadsheets
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Figure 27: Formatted ScreeningSystem Excel Template.

5.4.1 Uploading an Excel spreadsheet

Uploading the spreadsheet from a Web browser

Oncethe Excel spreadsheethasbeen lled out it can be transferred to the Sample Database at
the URL:

http://sm b.slac.stanford.edu/crystals/

{ Log in to the databaseinterface using your accourt name and password. You also need
cookies and javascript enabledin your browserto log in and upload the spreadsheet

{ Onceyou are loggedinto the systemyou should seethe page shavn below ( g.28).

Figure 28: The Sample Databaseinterface.

{ Click on Upload Spreadsheet . You will be directed to the Upload Excel File page.
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{ Enter the name of the spreadsheet(you will need the full directory path, for example:
/homel/yourid/filename.xls ) or click on the Bro wse button to seard for the le. If you
have trouble locating the le, verify that the Iter for typesof les is** or *xIs in the
Cho ose File dialog box. Oncethe le is located in the dialog box, selectOp en.

{ Enter the Cassettenumber in the Cassette Pin box. If the Excel le doesnot contain a
ContainerlD , it will be generatedand assignedthe value you erter. On the other hand,
if the spreadsheetalready corntains a ContainerID, the value you ernter herewill be ignored.
Do not modify the default Spreadsheet name unlessyou changedit in your Excel le.

{ To nish uploading the le to the Database,click Upload . If your spreadsheetis not in
a standard format (e.g., empty or duplicated CrystallD , no ContainerlD ) the interface
will apply and display the necessarycorrectionsin a separatepage. Scroll to the bottom
of this pageand click on Displa y Cassettes. This will take you badk to the home page,
displaying the new spreadsheetentry (g.29).

Figure 29: Uploaded spreadsheetinformation.

{ To screenmore than one cassette, click on "Create New Entry" again and upload the
corresponding spreadsheet etc.

{ Entries can be removed from the databaseby clicking Delete entry .

Imp ortan t: If you do not wishto Il up the spreadsheetit is possibleto usea
Default Spreadsheet(section 5.4.3).

Uploading the spreadsheet from Blu-Ice

Onceyou beantime hasstarted and you have beenenabledto start the experimen, it is possible
to accessthe Sample Database directly from the screeningtab in Blu-lce: Clicking the Web
button will launch a web browserand you canupload the le asdescribedin the previoussection.
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5.4.2 Assigning the Excel spreadsheet to a beamline

The information in the databasemay be assignedto a beamline oncebeamline accesshas been
permitted. On the Sample Database page ( g.29), the last entry (Beamline column) is used
to assignthe Excel spreadsheetto a particular beamline or to a particular cassettelocation. A
total of 3 cassettescan be placed in the cassettestorage dewar and are labeled 'left’, 'middle’
and 'right'. Selectthe appropriate position and beamline by using the drop down menu. An
error messagewill result if the user doesnot have privilege to operate the beamline.

The spreadsheetassignmen can also be done directly from Blu-Ice using the Cassette drop-
down menu.

5.4.3 Using the Default spreadsheet

Sample screeningwithout a spreadsheetis possible, but the results of the screeningwill not
be saved. To avoid this problem, log in to the Sample Database interface as described above
and click Use Default Spreadsheet . Selectthe cassettetype (SSRL or Puck adapter), type
in the cassettenumber if known and click Submit . A cassettenamed cassette _template.xls
will appear in your spreadsheetlist. The spreadsheetcan be assignedto a beamline and dewar
position asusual.

5.4.4 Editing the spreadsheet

The easiestway to make extensive changesto an uploaded Excel spreadsheetis to download
or the le to the local computer, then edit it and upload the modi ed le asexplainedin the
previous section (section 5.4.1). The link Download Original Excel le can be usedto
retrieve the original uploaded le, without any edits or results. If you wish to modify the le
after screeningresults are available, usethe Download Results link instead.

You can edit the Excel le on the Unix beamline computer with the OpenO ce software*3. To
run OpenO ce from the beamline computerstype:

% ooffice filename.xls

It is also possibleto edit selected elds for a sample by clicking on View/Edit . This displays
an HTML version of the spreadsheet( g.30)

Ched the Port containing the sample you wish to edit

Click on the Edit Crystal button on top of the spreadsheet.

Edit the information in the eld(s) of your choice

Click on Save changes to save your edits or Cancel to resetthe old values.

L B e B et W st W e Y

Download the modi ed spreadsheetto the local computer by clicking on the Download
Results link.

“http://ww.op eno ce.org/

40



Figure 30: Editable HTML version of the spreadsheet.

During the experimert, Blu-lce and Web-Ice can also be usedto edit selected elds. Consult
the Blu-lce** and Web-lce”® documertation to nd out how to edit the spreadsheeton these
applications.

“http://sm b.slac.stanford.edu/facilities/so ftware/blu-ice/s creen_tab.html
“http://sm b.slac.stanford.edu/facilities/remo te_access/webice
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6 Data collection and pro cessing

The following sectionsdescribe how to carry out an experimernt at from samplescreeningto full
data collection making use of the integrated data collection and analysis environment at SSRL.

For additional help setting up data collection, pleaseconsult the Blu-lce documertation .

6.1 Automated crystal screening

The high throughput screeningsystemimplemented at SSRL makesit possibleto automatically
collect and analyzetest imagesand fully characterize the samplein a semi- or fully automated
fashion.

To set up automated crystal screeningfollow the stepsbelow or watch the video tutorials "Up-
loading the Sample Spreadsheet*’ and "Automated screeningfrom Blu-lce" 48,

1. Upload a spreadsheetorntaining sampleinformation to http://sm b.slac.stanford.edu/crystals/
as described in the SAM guide (section 5.4.1) . You can do this any time beforeor during
beantime.

Note: If no spreadsheeis available, sample characterization must be carried out
for eadh sample manually or with the Web-Ice Autoindexing interface (the latter
will keepa permanert record of the results which can be accessedy the user).

2. Once you are enabledto usethe beamline, assignthe spreadsheet(section 5.4.2) to the
cassetteor Unipuck position in the beamline dewar (if you are a remote user, the beamline
support sta will tell you the correct position or assignit for you).

Figure 31: Selectinga cassetteposition.

3. Start Blu-Ice and selectthe ScreeningTab. Selectthe samplesyou wish to screen,the input
directory and image collection parametersas described in the Blu-lce manual. Sometips:

{ Collect two imagesat di erent phi orientations in order to trigger automated autoin-
dexing (ched the rst two "Collect Image" entries*® in the Action Sequencdist of the
Blu-Ice screeningtab). If you collect only one image, the spots will be analyzed and
assigneda score,but autoindex will not be carried out.

“http://sm b.slac.stanford.edu/facilities/so ftware/blu-ice/

“Thttp://sm b.slac.stanford.edu/users_guide/tutorials/upload _spreadsheethotspot2.swf
“®http://sm b.slac.stanford.edu/users_guide/tutorials/screening.swf

“http://sm b.slac.stanford.edu/facilities/so ftware/blu-ice/s creen_tab.html#Action _Sequence
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Imp ortan t: The imagesmust be collectedto your areain the /data disk. Please
do not try to usea speci c data disk (eg/datal , /data2 , etc.) in the directory
path. Use/data/"y our-id", or elsethe software may fail to write the imageto the
disk.

{ You may pausethe screeningafter the loop has been certered. This allows you to
adjust the samplecertering using the click to certer option. This is only recommended
if you useloops much larger than the crystals (which is not a good idea). It is faster to
selecta large beam size® in the Blu-lce hutch tab and screenall the sampleswithout
pauses.

{ It is possibleto pausethe data collection after the test imageshave been collected -
this will trigger automated strategy calculation for this sample following autoindex.
This option is not recommended , unlessyou are very sure that you want to collect
data from this particular sample (e.g. if the sampleshave already beenscreened). It
is more time e cien t to screenall samplesautomatically and then remourt the best
onesfor data collection.

Figure 32: Screeningsequence.

Tip: It is possibleto use automated sample characterization with the Blu-Ice
screeningtab without usingthe robot (in manual mode). The software will prompt
you to changethe samplein this case

6.1.1 Selecting samples for data collection

A summary of the autoindexing results (symmetry, resolution and mosaicity estimates and a
score) will be written to the samplelist information displayed in Blu-Ice and Web-Ice shortly
after the images have been collected. This information can be usedto help selectthe best
samplesfor collection of a complete data set. Follow the instructions below or consult the Video
Tutorial

To seethe screeningresults in the Blu-lce screeningtab, make sure that you use the "Re-
sults"view®? to seethese columns.

You can inspect the results in detail with W eb-Ice :

SOhttp://sm b.slac.stanford.edu/software/blu-ice/h utch_tab.html#Adjusting _Beam_Size_.and_Energy
SIhttp://sm b.slac.stanford.edu/users_guide/tutorials/select _crystal2.swf
*2http://sm b.slac.stanford.edu/facilities/so ftware/blu-ice/s creentab.html#Customizing

43



Figure 33: Displaying the Result columnsin Blu-Ice.

1. Usethe Web button 52 above the sampleinformation list: Click on the arrow to open the
drop down menu, and selectWeb-Ice. Blu-lce will open a new browser window (if you do
not seethe browser window, look for minimized or hidden browser windows). You will be

directed to the Web-Ice Screeningtab®*.

Figure 34: Launching a web browser window running Web-Ice from the Blu-Ice screeningtab.

2. In the Web-Ice CassetteSummary pagesort the samplesby score,mosaicity, resolution, or
rmsd by clicking on the title of the corresponding columns.

Figure 35: Web-Ice Screening: cassettesummary page.

3. Selectthe sampleyouwant to inspectand click on Cassette Details (in the gray navigation
toolbar). This will let you seethe analyzed image, spot statistics, crystal JPEG and
autoindexing results for that particular sample.

Imp ortan t: Do not relay blindly on the scoreor other image statistics asa means
of selectingthe best crystal - always inspect the results displayed in the Cassette

Details page.

Shttp://sm b.slac.stanford.edu/facilities/so ftware/blu-ice/s creen_tab.html#Uploading _Spreadsheet
Shttp:/lsm b.slac.stanford.edu/facilities/remo te_access/webice/Screening Crystals.html
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Figure 36: Cassettedetails navigation in Web-Ice Screeningtab: Header displays the image header;
Spot Statistics displays the results of image analysis before autoindexing; Crystal image shows a
camera shot of the crystal; Autoindex shows the autoindex results and image score; Details is a
directory browserand image display tool to inspect log and output les.

6.2 Setting up and starting data collection

Oncethe optimal samplefor data collection hasbeenselected,monochromatic (non-anomalous),
and simple MAD and SAD experiments from a single crystal can be set up in a very easyway
using Web-Ice. Follow the stepsbelow or look at the Video Tutorial °°

1.

Mount the sample (either manually (section 3.3) or using the robot. If you usethe robot,
selectthe sample in the sample information list in the Blu-lce Screeningtab and select
the Stop immediately following Lo op Alignmen t in the Action sequencewidget ( g.32);

then click the Start button.

Move the sample camera zoom to High, and adjust the sample certering if necessary If
the box de ning the beamis much larger than the crystal, adjust the beam size

Go badck to the Blu-Ice screeningtab and start Web-Ice(g.34) - or goto the URL
http://sm b.slac.stanford.edu/webice/ and log in using you Unix userID and password.
Oncein Web-Ice selectthe Autoindex Tab.

SelectNew run from the gray toolbar menu in the Autoindex tab. Enter a unique run

name (the software will ask you to try again if the run name has already beenusedunder
your user name)

Figure 37: How to generatea new run in Web-Ice.

Selectthe option to collect 2 imagesand autoindex. If required, by the software, selectthe
beamline from the drop down menu on the right of the gray navigation toolbar.

The program will take you through all the stepsto setup the test image collection and (for
MAD and SAD) uorescencescan. Sometips:

{ Usethe screeningresults to setup the optimal parameters. If you want to increasethe
resolution , rememnber to increasethe exposuretime too; however, it is important you
do not overload spots, this can causea problem with the exposuretime estimate.

SShttp://sm b.slac.stanford.edu/users_guide/tutorials/strategy3.swf
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8.

10.

11.

12.

Figure 38: Selectinga beamlinein Web-Ice.

{ If you know that your crystals consisterily index in a higher symmetry than the correct
one (e.g., a monaoclinic crystal with the anglecloseto 90 degrees),supply the correct
Laue group and cell.

Onceyou have started the autoindex/strategy run, you can monitor progressby looking at
the Beamline log and Autoindex Log in the Log pagein Web-Ice. The Setup page
also prints messagesas the results becomeavailable. Inspect the autoindexing results in
the Autoindex Summary page, imageintegration resultsin Solutions page, and (very
important!) look at the imagesin the Predictions page. For MAD and optimized SAD
experimens, examinethe Scan. If ewverything looks ne, look at the Strategy page.

Imp ortan t:  Never collect data without inspecting the test diraction images
and the predicted pattern

If the crystal spacegroup is well known, make sure that the strategy for the correct Laue
symmetry is selected(remember that if the Laue symmetry is not declaredwhen setting up
the run, the strategy selectedby default correspondsto the lowest symmetry for the best
autoindexing solution).

If the predicted resolution is lower than the target resolution, try recollectingthe test images
with a longer exposuretime. Do this by clicking on the Recollect button; the program
will display a page where you can edit the data collection parameters. Note: Increasing
the exposuretime per image will increasethe radiation doseby the sameamount. E.g.,
if the estimated doseis 1.5e7 Gy, you will read the limit by doubling the exposuretime.
Always verify that the doselimit is not exceededunlessyou have additional good quality
crystals.

If the predicted resolution is higher than the target, recollect the test imagesby clicking
on the Recollect button. This will not only test if the diraction limit estimated by
the software is correct, but will also recalculate the correct oscillation angle per image
and optimal exposuretime, both of which are dependert on the resolution. Use the initial
exposuretime (usedto collectthe rst testimages)and the new sampleto detector distance
recommendedby the software.

Once you have obtained a satisfactory strategy (seethe notesbelow), start data collection
from by clicking on the Collect button. This will simultaneously export the data collection
to Blu-lce AND start the collection. If you wish to make additional adjustments (e.g.
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Figure 39: Results menu for a SelectedRun in the Web-Ice autoindex tab.

enabling dosemode®®), you can Exp ort the strategy to Blu-Ice. Like the Collect button,
this will createa run in Blu-lce, but will not initiate collection. This will provide you the
chanceto edit the experimental parametersin Blu-Ice; once this is done, start the data
collection as described in the Blu-lce documertation

13. Pausing and interrupting the data collection can be done at any time from Blu-Ice.

6.2.1 Notes on strategy for mono chromatic and high resolution experimen ts

For monochromatic experimerts the priority is to maximize unique completeness . If the
estimated dosefor the experimert is low enough, consider collecting additional data beyond the
starting or ending phi to increasedata redundancy.

Completenessfor the low resolution shellsis important, so decreasethe exposure time or use
additional attenuation if the strategy page displays a warning about overloaded spots in one or
both of the images.

If ultra-high resolution data are required, it may not be possibleto collect to the resolution
limit without overloading the low resolution re ections. In this case,collect an additional low-
resolution pass:

{ Run Web-Ice to calculate the strategy for the high resolution pass. Once this is done,
export the strategy to Blu-lce . This will create a data collection run in Blu-lce but
will not initiate data collection.

{ Examine the high resolution test imagesto determine the resolution d at which no over-
loaded re ections are present.

{ Run Web-Ice again to determine the strategy for the low resolution pass. The target
resolution for this passshould be 1/2 A above the resolution d mentioned in the above
step. This will allow the data setsto be scaledtogether. Export the low passstrategy to
Blu-Ice.

{ Start data collection from Blu-Ice.

6.2.2 Notes on strategy for MAD and SAD experimen ts

For MAD and SAD experiments is it very important to limit the dosereceived by the crystal
during the experiment. The Web-Ice strategy already incorporates somemitigation procedures
(e.g., data collection in wedges,use of two wavelengths for MAD experimens). If the Web-
Ice strategy still results in a dose exceedingor at the limit given by the software, consider

% http://sm b.slac.stanford.edu/facilities/so ftware/blu-ice/c ollect_tab.html#Dose _mode
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decreasing the exposure time . This can be done manually either after exporting the data
collection parametersto Blu-Ice, or in the edit window Web-Ice displays prior to initiating data
collection. The doseis proportional to exposuretime, soreducing the exposuretime by half will
reducethe doseby half at the only expenseof a slightly lower data resolution.

For certain spacegroups and crystal orientations, it is also possibleto reducethe absorbed dose
by selectingthe phi range to maximize unique data set completenesgmaximizing Bijv oet pair
completenesds the default strategy for MAD and SAD). This usually works for MAD data with

a medium to strong anomaloussignal.

In unfavorable cases(very small, weakly di racting crystals) it may be impossibleto collect a
data set without inicting seriousradiation damageto the crystal. In this case,se\eral crystal
will most likely be required for successfulstructure solution.

Low signal experimen ts

If the expected anomaloussignal is very low (lessthat 1 % of the averagere ection intensity),
collection of additional redundancy may be required for structure solution. This can be done by
manually adjusting the ending phi before proceedingwith data collection in Blu-lce or Web-Ice.
As mentioned above, the exposuretime may alsorequire adjusting to avoid excessie irradiation
of the crystal.

6.3 Data pro cessing
6.3.1 Data pro cessing environmen t

The following directories are automatically created the rst time you log in to a SSRL px
computer (these directories are accessiblefrom all computers):

{ /data/username  This directory is usedfor storing images. We recommendthat you also
usethis directory for data processing.

We also recommend creating subdirectories in your data directory for ead data set you
collect.

{ /data/username/templates This directory is a symbolic link to the directory containing
the SSRL-speci ¢ data processinginput and shell les.

Usethe remote data processingseners (blcpu4, blcpu5, blcpull, blcpu6, blcpu7, etc.) to process
the data; from the beamline workstations, usethe SSRL meru option of the Xfce panel ( g.40)

in the Linux beamline computers and the remote Unix desktop®’. You can also right-click on
the Linux Xfce desktop and selectData Processingfrom the desktop menu. Clicking on Select

Least Loaded displays the load (g.41). Avoid using a computer is the load is closeto the

total number of CPUs (displayed next to the computer name).

For more information about the beamline macdhines, consult the web documert
http://sm b.slac.stanford.edu/facilities/computing/

"http://sm b.slac.stanford.edu/facilities/remo te_access/remotedesktop/
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Figure 40: Logging to the blcpu seners from the Linux Xfce panel.

Figure 41: Systemload window

6.3.2 Data pro cessing documen tation

Commonly usedsoftware padkagesfor data processingare available at the macromolecularcrys-

tallography beamlines. If you are unfamiliar with a particular application, consult the relevant
documertation:

{ Web-lce manual:
http://sm b.slac.stanford.edu/facilities/remote _access/vebice/

{ Mos m-scala tutorial:
http://sm b.slac.stanford.edu/facilities/software/mos m/

{ HKL2000 tutorial:
http://sm b.slac.stanford.edu/facilities/software/hki20 00/
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{ XDS tutorial:
http://sm b.slac.stanford.edu/facilities/software/xds/

{ MAD/SAD scripts documertation:
http://sm b.slac.stanford.edu/facilities/software/MA D _scripts/

For a completelist of supported and unsupported software installed in the SSRL computers, see
http://sm b.slac.stanford.edu/facilities/software/xta | _software
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7 Referencing SSRL

The following statement should be included in the adknowledgemen section of publications that
are basedin part or fully on data collected at the macromolecular crystallography beamlines:

"Portions of this researt were carried out at the Stanford Synchrotron Radiation Lab-
oratory, a national userfacility operated by Stanford University on behalf of the U.S.
Department of Energy, O ce of Basic Energy Sciences.The SSRL Structural Molecu-
lar Biology Program is supported by the Department of Energy, O ce of Biological and
Environmental Researt, and by the National Institutes of Health, National Center
for Researth Resources,Biomedical Tedinology Program, and the National Institute
of General Medical Sciences."

You are also encouragedto adknowledge your support sta corntact personif they provide help
during your beantime. If the support sta make particularly valuable suggestionsor cortribute
in anon negligible way to the sucesof the experiment, you may considermaking them coauthors
in resulting publications.

It is very important that you tell us about publications relevant to work conducted at SSRL.
Please Il out the publication form?®2.

7.1 References to supported software/hardw are

The following are referencesof supported software/hardware at the SSRL. Pleaseusethe appro-
priate referencesin your publications.

Data collection

Blu-lce: McPhillips, T. M., McPhillips, S. E., Chiu, H. J., Cohen, A. E., Deacon,
A. M., Ellis, P. J., Garman, E., Gonzalez, A., Sauter, N. K., Phizaderley, R. P.,
Soltis, S. M., Kuhn, P. Blu-lce and the Distributed Control System: software for
data acquisition and instrument cortrol at macromolecularcrystallography beamlines.
(2002) J. Synchotron Rad. 9, 401-406.

Automated sample mounting system: Cohen, A. E., Ellis, P. J., Miller, M. D.,
Deacon, A. M. and Phizackerley, R. P. An automated systemto mount cryo-cooled
protein crystals on a syndirotron beamline, using compact sample cassettesand a
small-scalerobot. (2002) J. Appl. Cryst. 35, 720-726.

Fluorescence scan analysis: Evans G., Pettifer R. F. CHOOCH: a program for
deriving anomalous- scattering factors from X-ray uorescence spectra. (2001) J.
Appl. Cryst. 34, 82-86.

http://www.gwyndafev ans.co.uk/chooch.html

Deriv ativ e preparation with SSRL Xe-Kr cell: Cohen, A., Ellis, P., Kresge, N.
& Soltis, S. M. MAD phasingwith krypton. (2001) Acta Cryst. D57, 233-238.

Bhttp://sm b.slac.stanford.edu/forms/rep orting/form _publication.shtml
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Data analysis with Web-Ice

Web-Ice: Gonzalez,A., Moorhead, P., McPhillips, S.E., Song,J., Sharp, K., Taylor,
J. R., Adams, P. D., Sauter, N. K. & Soltis, S. M. Web-Ice: Integrated Data Collection
and Analysis for Macromolecular Crystallography. (2008)J. Appl. Cryst. 41, 176-184.

Mos m: Leslie, A. G. Integration of macromolecular di raction data. (1999) Acta
Cryst. D55, 1696-1702.

Lab elit: Sauter, N. K., Grosse-Kunstleve, R. W. & Adams. J. Appl. Cryst. 2004
37:399-409.

Spot nder/DISTIL: Zhang, Z., van den Bedem, H., Sauter, N. K., Snell, G. & Dea-
con, A. Automated di raction image analysisand spot searding for high-throughput
crystal screening.(2006) J. Appl. Cryst. 39, 112-119.

Data pro cessing with SSRL scripts (mosm, scale and MAD scripts)

Mosm, Scala, Truncate, Scaleit, t. Collaborative Computational Project,
Number 4. The CCP4 Suite: Programs for Protein Crystallography. (1994) Acta
Cryst. D50, 760-763.

Mos m: Leslie, A. G. Integration of macromolecular di raction data. (1999) Acta
Cryst. D55, 1696-1702.

Mos m (autoindexing):  Powell, H. R. The RossmannFourier autoindexing algo-
rithm in MOSFLM. (1999) Acta Cryst. D55, 1690-1695.

Solve: Terwilliger, T. C., BerendzenJ. Automated MAD and MIR structure solution.
(1999) Acta Cryst. D55, 849-861.

Resolv e (densit y modication):  Terwilliger, T. C. Maximum likelihood density
modi cation (2000) Acta Cryst. D56, 965-972.

Resolv e (mo del-building):  Terwilliger, T. C. Automated main-chain model-building
by template-matching and iterativ e fragmert extension. (2003) Acta Cryst. D59, 38-
44,

http://www.solv e.lanl.go/

Shelxd: Sdneider, T. R. & Sheldrik, G. M. Substructure solution with  SHELXD.
(2002) Acta Cryst. D58, 1772-1779.

Shelxe: Sheldrik, G. M. Macromolecular phasingwith SHELXE. (2002) Z. Kristal-
logr. 217, 644-650.

Anything that starts with shelx.... Sheldrik, G. M. A short history of SHELX
(2008). Acta Cryst. A64, 112-122.

http://shelx.uni-ac.gwdg.de/SHELX/

Data pro cessing with HKL2000
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Otwinowski, Z., Minor, W. Processingof X-ray di raction data collectedin oscillation
mode. (1997) Methods Enzymol. 276, 307-326.
http://www.hkl-xra y.com/

Data pro cessing with XDS

Kabsch, W. Automatic processingof rotation diraction data from crystals of initially
unknown symmetry and cell constarts. (1993) J. Appl. Cryst. 26, 795-800.

Graphics software

Coot: Emsley, P. and Cowtan, K. Coot: Model-Building Tools for Molecular Graph-
ics. (2004) Acta Cryst. D60, 2126-2132.
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8 Frequently Answ ered Questions

If you have questionsthat are not covered below, pleaseconsult the on-line documertation or
useour local Google seard.

Contact support sta °9 for additional questions. During your beantime, usethe beamline cell
phonegP.

8.1 Data collection
8.1.1 When do | use dose mode?

Dosemode is usedto equalizethe exposure for imagesin long experiments by multiplying the
exposuretime by a dose factor basedon the readingsfrom the 12 ion chamber. The dosefactor
is recalculated before collecting ead image.

As arule of thumb, collecting data in dosemode is advisablewhen the exposuretime per frame
exceeds20 seconds or the total data collection time exceedsl-2 hours. Dose mode can also
be usedfor MAD experiments to adchieve a similar level of exposureat all wavelengths (but see
below)

It is critical to determine the exposure time at the correct beam size, energy and
atten uation before initiating data collection in dose mode. To be safe,we recommend
this procedure:

1. Move to the correct valuesof energy attenuation and beamsizefrom the Blu-Ice hutch tab
BEFORE starting the data collection

2. Optimize the beam
3. Enable the dosemode and normalize the dose
4. Start data collection from the Blu-Ice collect Tab

It is not recommendedto usevery high beam attenuation in conjunction with the dosemode,
as the ion chamber readings may becometoo low to calculate a consistert dosefactor (in this
case,a No beam error will be given by the software).

For more information about dosemode, consult the Blu-lce documertation 61.

8.1.2 When should | normalize the dose

The doseshould be normalized every time a data collection from a new sampleis started. This
setsthe dosefactor to 1. The dosefactor may change signi cantly after a table optimization
or change of energyfollowing normalization; the dosefactor should not be renormalizedin this
caseunlessyou really intend for subsequeh imagesto receive a di erent dose.

*http://sm b.slac.stanford.edu/sta /sta page.php
% http://sm b.slac.stanford.edu/sta /b eamline-phones.hml
®Lhttp://sm b.slac.stanford.edu/facilities/so ftware/blu-ice/c ollect_tab.html#Dose _mode
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8.1.3 How can | convert from wavelength to energy?

In Blu-Ice, click on the units next to the energyinput box to toggle betweenwavelength (A) or
energy (eV or keV).

8.1.4 What is the optimal beamstop to sample distance?

The badkstop should be placed at a position whereit allows collection of re ections in the 30-40
A resolution range. At most wavelengths, it will be possibleto collect even lower resolution,
howewer, this will be at the expenseof additional badground scatter that may obscureweak
re ections.

Using Web-Iceé’? to calculate the data collection strategy will automatically calculate a reason-
able beamstopto sample distance. In addition, the Blu-Ice resolution predictor shaws the low
resolution limit at the given beamstopand energy values.

8.2 Sample mounting
8.2.1 What is the size of the white box on the beamline monitor?

At maximum zoom, the box is 0.1 mm x 0.1 mm. At medium zoom, 0.25mm x 0.25 mm and
at low zoom it is 1 mm x 1 mm.

Note: The white box in the samplecameravideo displayed on Blu-Ice represerts
the beam size as de ned by the collimator slits and is therefore more reliable to
determine if the crystal is in the beamthan the monitor box. Additionally, the
size of the Blu-Ice box also changesto re ect the scaleat di erent camerazoom
levels.

8.2.2 The automated loop centering leaves the camera near the medium zoom
level. Is there anything wrong?

No, this is normal operation. The system usesthe medium zoom level to do the alignmert, in
caselarge loops are used.

Also, during the crystal screeningmode, maximum zoom is usedfor recording JPEG imagesof
the crystal.

8.3 Detectors

8.3.1 What are the slow/fast, binning and dezingering options?

{ For data collection with the Quantum-4 detector, the slov readout mode is more accurate.
The fast readout mode should only be usedfor test images.

®2http://sm b.slac.stanford.edu/facilities/remo te_access/webice
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{ For data collection using the Quantum-4 detector, binning combinesthe readout of 4 pixels
into one pixel, resulting in a larger dynamic range and better signal-to-noisecharacteristics
at the expenseof spatial resolution (but note that on the current SSRL PX beamlinesthe
sourceis more likely to limit spot resolution than the pixel size).

{ Becausenon-binning produceslarge les ( 70 MB), only binning mode is so far allowed
for the Quantum-315 detector. There is no binning/un binning option for the MAR CCD
detector.

{ Dezingering should be usedfor exposuretimes that are longer than 20 seconds.

8.3.2 Can | display the image header?

You can look at the image headerwith the Web-Ice Image Viewer®3 .

8.3.3 How do | determine the direct beam position?

The default beam position, should be at the nominal certers of the detectors (within 1 pixel)
listed below (in mm):

{ MAR325 CCD: 162.5,162.5
{ Q315CCD: 157.5,157.5
{ Q4 CCD: 94,94

If the detector is o set, the data collection software writes the true beam certer coordinates
Cx,Cy to the image header.

8.4 Determining data collection strategy
8.4.1 What is a reasonable exposure time for beamline X?

If in doubt, usethe default values: in the Blu-lce Collect tab, click the Default button; in the
ScreeningTab, click Reset defaults . If your crystals diract very poorly or you are collecting
the imagesat extra long or short wavelengthsyou may have to increasethe time.

We recommendedto use Web-Icé’* to determine the optimal exposuretime from the initial test
shots of the crystal.

8.4.2 How long do | need to expose a crystal at SSRL for RIP phasing?

For radiation damage sensitive samples,the best strategy is to do a two-wavelength MAD or
SAD experiment without exceedingthe maximum recommendeddose(use Web-Iceto obtain an
estimate of the absorbed dose). Overdosing the crystal results in a unit cell expansionwhich
most often prevens accurate measuremen of any kind of phasing signal in the data. Radiation

Shttp://sm  b.slac.stanford.edu/facilities/remo te_access/mebice/Image_Viewer.html
%http://sm b.slac.stanford.edu/facilities/remo te_access/webice/Autoindex _strategy _calculat.html
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induced intensity di erence are no easierto measurethan anomalousor dispersive di erences in
this case.

For somederivatives (e.g., brominated DNA), the heavty atom may becomecleaved at very low
doses.The program SHARP has beenreported to deal well with this particular case,using the
loss of occupancy of the anomalousscatterer to enhanceMAD or SAD phases,as long as the
total doseis kept to a reasonablevalue (i.e., you should not exceedthe doselimit in Web-Ice).

8.5 Problems during data collection
8.5.1 How can | monitor the SPEAR beam?

The beamline status and current are displayed in the Blu-Ice status bar®.

Additional information about SPEAR (including status of all beamlinesand the 24-hour |l
history) is displayed on a monitor at the beamline (top left corner of the console)and on the
SSRL SPEAR Web pagef®. Seealso "Monitoring the SPEAR status remotely” (section 8.7.1)

8.5.2 How often is the beam re lled?

Currently SPEAR is topped up every 8 hours, at 6:00,14:00and 22:00. The top up lasts only a
few minutes. Occasionallythe stored beamis lost during injection and a longerre Il is required.

After the re Il it takesa couple of additional minutes for the temperature of the beamline optics
to stabilize.

8.5.3 Will data collection pause during beam re lls?

During data collection, the beam status is monitored by the beamline control software. Data
collection will stop when SPEAR is down and restart when the temperature of the beamline
optics has stabilized after the beamlineis reopened.

A messageis displayed in the Blu-lce status box while the beam is stabilizing
following an injection.

Additionally , the beamin the hutch is monitored before ead image is collected for both time
and dosemodes.

8.5.4 How does the search and reset pro cedure work?

Completely seard the hutch for personsbefore activating the seart reset. The hutch door
must be closedand locked beforethe seard alarm stopsringing, otherwise the procedure must
be repeated.

Shttp://sm  b.slac.stanford.edu/facilities/so ftware/blu-ice/g etting _started.html#Status _Bar
8 http://www-ssrl.slac.stanford.edu/talk  _display.html
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8.5.5 Is there beam in the hutc h?

If the beamlineis open and Blu-Ice repeatedly displays the message'waiting for beam", chedk
that the beamline stoppers switch is open on the key panel in the cortrol rack (all greenLEDs
should belit). Remote userscan seethe stoppers LEDs by selectingthe appropriate panelvideo
presef’ in Blu-lce or Web-Ice.

If the stoppers are open, verify that the beam attenuation is not excessie; The attenuation
level dependson the beam energy so a Iter combination appropriate for data collection at a
high energy can fully block the beam at a lower energy Also, note that a combination of high
attenuation and small beam size can prevent data collection in dose mode, becausethere are
not enoughcourts to calculate the doseprecisely enough. In this case,you should collect data
in time mode.

If beam attenuation is not the problem, try reoptimizing the beam. If the beam optimization
doesnot solve the problem, call support sta.

8.5.6 Why do | get blank diraction images?
To determine the causeof blank di raction images,follow these steps:

1. Verify that there is beamin your sample (seethe previous question).

2. If there is no imagedisplayed, try opening the imagewith a di erent program (e.g, ADXV,
Mos m) If the image looks only blank on Blu-lce or Web-Ice, the image serer may have
crashed. Contact support sta (please,sendan e-mail during non-working hours, as this
problem doesnot a ect data collection).

3. Ched the cortrast in the image display: Imageswith no di raction spots displayed at a
high contrast level can hide di raction features.

4. If you seevery weak scatter on the image, verify that the exposuretime is not too short -
this can happen if dosemode®® is on, and the dosefactor is very small.

5. If the imageis truly "at" (no beamstopshadov nor variation in the badkground level of
the image at any contrast level), verify that there is not a cover on the detector (remote
userscan look at the Hutch cameravideo from Blu-Ice or Web-Ice).

6. If nothing is blocking the detector look at the shutter controller to determine if the shutter
is opening. The switch on the cortroller should be on "auto” and a red LED light should
light up when the shutter is open, as shown in shutter-controller (g.42). Remote users
can use the Panel camerato view the shutter cortroller. In addition, when the shutter
opens you should be able to seean increasedreading for the | _beamstop beam monitor.
The |_beamstopreading will be low at long wavelengths (low energies). Verify that there
is beam on the beamstopby going to a shorter wavelength (higher energy).

7. If there is diuse diraction but no spots, chedk the certering of the crystal. Open up the
slits to increasethe beam size and collect imagesat di erent crystal orientations. If you
get diraction with alarge beamsizeor at somephi positions but not others, the phi axis
may be misaligned. Contact support sta .

5 http://sm b.slac.stanford.edu/facilities/so ftware/blu-ice/video .html#P anel_View
% http://sm b.slac.stanford.edu/facilities/so ftware/blu-ice/c ollect_tab.html#Dose _mode

58



Figure 42: Shutter cortroller shaving open shutter status

8. If there is no di erence with large slits or at di erent phi positions, the crystal may not
diract (evenif it wasdiracting previously). Save the crystal and take a shot of a di ract-
ing sample (e.g the Si powder samplein the toolboard or even the metal baseof the pin).
If you do not obsene any diraction or scatter from any sample,corntact support sta .

8.5.7 Why can't | open Blu-lce?

The rst time you log in to Blu-Ice it will requestyour password. Make sure that it is typed
correctly. If you cannot log in, contact the user support sta and let them know what Unix
accourt you are using.

If you cannot start Blu-Ice from the icon in the XFCE meru ( g.40):

1. Opena terminal on the local workstation or NX client.

2. Log in to a di erent beamline workstation. For example, if you are trying to open Blu-Ice
from bl92a, log in to bl92b or bl92c. Usethe command:
>sshhbl92a
> gO
The NX client opens Blu-Ice on the "c" workstation, soin that caseusethe "a" or "b"
computer.

8.5.8 Why is Blu-lce not responding?

{ Verify that the Blu-lce window is activ e.

{ If somebuttons are inactive (grayed out) move the mouse over the button. Blu-lce will
display a messagexplaining why the button is inactive. If the messageells that the conrol
software for a hardware componert is o -line ("DHS o -line") corntact support sta.

{ An emergencystop button (yellow) may have been depressedacciderially. To reset the
motors, pressthe greenmotor resetbutton (g.2).
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{ Verify that the beamline stopper is open.

{ If the entire Blu-Ice interface fails to respond, make a note of what the program was doing
when the fault happenedand ched for error or warning messagesn the Unix shell. Exit
the Blu-Ice client and start a new one. If the fault persists,call support sta.

{ Sometimes,a computer crashor a network problem can hangthe system. In this case,other
programs and processewwill also be a ected. If the window manager program is hanging,
log on to the host computer from another terminal and kill the processes.To list processes:
>ps -u "your_id"
and kill them with
> kill -9 "pro cessid"

{ If all the computers at the beamline are hanging or data collection will not proceed,the
le systemmay have crashed. Contact support sta.

8.5.9 What doesthe message "Detector error* mean?

A detector error messagéan Blu-lce can have many di erent causes;although often sta inter-
vertion is required in order to continue data collection, it is a good idea to retry the image
collection beforecalling sta, assomeerrors (e.g., a transient network glitch) do not disable the
detector permanertly.

Imp ortan t: Note that the "Detector Error" messagewill still be displayed after
a problem with the detector has been xed; the messagewill only disappear once
an image has been collected without errors.

8.5.10 When should | optimize the beam?

It is advisedto optimize:

{ After changing the wavelength from the Hutc h tab. Automatic optimization is performed
after wavelength changesduring MAD data collection.
{ After changingthe beamsize.

Automatic optimization is also performed at regular intervals during data collection and there-
fore, manual optimization should not be necessary

8.6 Data processing and graphics software
8.6.1 Why can't | run graphics software?

Graphics programscan be run on the local beamline Linux macdiines(eg. bl15a, bl15b and bl15c
on BL1-5). The program coot runs on the NX client and Linux data processingseners, but not
on the older Alpha blcpu computers. Note that graphics applications are generally very slow on
the NX client and it may be more time e ectiv e to transfer the maps or re ection les to your
local computer!
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8.6.2 | get an HTTP error when trying to display or refresh a page in Web-Ice

Often this will be a transient sener glitch. Try refreshingthe pageagain. If the problem persists,
contact support sta (use e-mail outside working hours)

8.6.3 Why doesn't program X run?

Most crystallographic software pacagesare only installed on the data processingserers(section
6.3) and not on the local beamline computers. Graphics programsare installed only on the local
beamline workstations.

8.6.4 Why is Mos m/HKL2000/other running slow?

Ched the relative load of the data processingsener as described in "data processingerviron-
ment" (section 6.3).

8.6.5 Why can't | autoindex my images?

The detector may have beeno set from Blu-Ice: Ched the detector positioner vertical and
horizontal valuesin the Blu-lce hutch tab. If they are not O, look at the certer coordinates in
the image header (the Web basedsoftware Web-Ice can be usedto display the image header).

{ Web-Ice knows about the detector coordinate systemand can usethe image header coor-
dinates directly for auto-indexing.

{ The Mos m and HKL2000 coordinate systemsare related to the beam certer coordinates
(Cx,Cy) by the following equations:
X = detector-width - Cy
y = Cx
The mos m script usedat the SSRL automatically transforms the beam coordinates. For
HKL2000 and XDS you must provide the o set certer asexplainedin the documertation.
{ XDS usesthe samecoordinate systemasthe detector header,but it requiresthe coordinates
in pixels. In this case,the XDS certer (x,y) is related to the image certer coodinates by:
X = Cx/pixel-size
y = Cyl/pixel-size
The pixel sizeis also given in the image header.

Indexing may alsofail if the diraction is weak, if there are many ice rings or if there is a double
lattice. Editing the spots manually in Mos m or HKL2000 often circumverts these problems.
Web-Ice usesa di erent spot- nding algorithm and it is worth trying if other software fails.

If the di raction pattern is misindexed (this should be very rare, but is a possibility if the spots
are very closeand the r-mergesafter scaling are above 20 or 30%) try using Web-Ice (Web-Ice
doesnot assumethat the input certer is correct, but seartesfor the optimal coordinates over
a small area).

You may also determine the accurate certer position by following these steps:
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1. Move the detector to the distance usedfor data collection.

2. If the resolution at the edgeof the detector is 3A or higher, usethe Si sample, otherwise
use the polyethylene sample. Both samplesare located in the same compartment on the
beamline tool board.

3. Collect adiraction image. For the Si sample,usea delta phi of 15 degreesand 5 s exposure
time. For the polyethylene sample,usea delta phi of 0.02degreesand a 1 s exposuretime.
If the detector saturates, attenuate the beam.

4. Run the program center on one of the blcpu senersto calculate the direct beam position
from the image.

Imp ortan t. The beamcerter position in the imageheadershould be accurateto within 0.1mm.
In the extremely rare evert that it is 0 my a larger amount, make sure to tell user support
sta.

8.6.6 How do I display the JPEG snapshots of the crystal?

You can usethe screeningtab or the imagetab in Web-Iceto display the crystal snapshots.
You may alsousethe program display (from a Linux or Unix shell).

8.6.7 Are the International Tables for Crystallograph y available?

On-line SpaceGroup diagrams are available at
http://sm b.slac.stanford.edu/facilities/software/spacegroups/. This site is for local accessonly;
the NX Client can be usedto view the tables remotely.

The full International Tablesare available at
http://it.iucr.org/.  The IUCr site is fully accessiblefrom SSRL or the NX client (or o -site if
your local institution hasa license).

8.6.8 Is it OK to leave les on the /data disk?

Usersare responsible for badking up by their data by the end of their beamtime. Imagesstored
on the /data disk can be deleted at any time. Special requeststo keep les on /data should be
madeto support sta. The /home areacan be usedto store small les inde nitely .

8.7 Remote access
8.7.1 How can | monitor the SPEAR beam remotely?

The beamline status and current SPEAR intensity are displayed in Blu-lce®. The video tools
in Blu-lce and Web-Ice can also be usedto look at the beamline SPEAR monitor ’%; in addition,
the SPEAR status and Il history can also be accessediia the web’?.

®http://sm b.slac.stanford.edu/facilities/so ftware/blu-ice/g etting _started.html#Status _Bar
http://sm b.slac.stanford.edu/facilities/so ftware/blu-ice/video .htmI#SPEAR
http:/www-ssrl.slac.stanford.edu/talk  _display.html
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For updates or inquiries about SPEAR you can call the duty operator 24/7 at 650 926-4040,0r
the beaminformation line at 650 926-BEAM (2326).

8.7.2 HKL2000 displays a screen size error

In order to run HKL2000, the NX client window must be at least 1100x 900 pixels. If HKL2000
givesthe error "HKL2000 requires screenwidth larger then 1100and screenheight larger then
900 (sic)", stretch the NX client window by left-clicking on a corner and moving out the mouse.
Old versionsof the NX client do not support dynamic resizing of the window. In this case,it is
possibleto recon gure the window size (but up dating to the latest version of the client is
strongly recommended instead):

1. Exit your current NX session.

2. Openthe NX Client asdescribed in the installation instructions’? and Click on the Con-
gure button.

3. Find the Display options under the General menu and select"Av ailable Area”. If you are
already using this option, select"Custom" instead and usethe W and H input boxesto
selectthe appropriate size.

4. Save the con guration and restart a NX session.
8.7.3 The Mosm GUI doesnot t in the NX client windo w

Make sure that the NX client display is setto "Av ailable area” (seeabove (section 8.7.2)), and
usethe commandmos m _SD to run Mos m (SD stands for "small display").

8.7.4 | cannot open an AD XV windo w from Blu-Ice

There is a limit on the number of ADXV processesllowed to run on the NX serwer in order to
stop it from running out of memory (currently the limit is 5). To inspect new image, closesome
old ADXV windows. You can also use Web-Ice’® to inspect the images.

8.7.5 Why can't | connect to the NX server?

Pleaseconsult the remote desktop documertation 4.

8.7.6 Why can't | seesta phone numbers on the web?

Most sta phonenumbersare only visible from on-site only. They can be viewed remotely by opening
a browser within the NX Client.

"http://sm  b.slac.stanford.edu/facilities/remo te_access/remotedesktop/
http://sm b.slac.stanford.edu/facilities/remo te_access/webice/Image_Viewer.html
"http:/lsm b.slac.stanford.edu/facilities/remo te_access/remote desktop/
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8.8 Computers
8.8.1 Can | change the default settings for my SSRL account?
Click on the Settings iconin the Xfce panel( g.40) to accesghe Settings Manager GUI. Exception :

Useonly the Blank Screenasa screensaver (animated screensaversusea lot of CPU, which cana ect
remote accesghrough the NX client).

8.8.2 The previous group left the workstations locked. How do I log in?
You can log out the previous userwith the keys Ctrl-Alt Backspace. Please do not do this unless

you are certain that the previous group or support sta have nished working at the
beamline. If in doubt, call support sta.
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