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Abstract

The investment in modern equipment and the development of highly automated beamline control software on the public MX-beamlines
at the ESRF now allows standard X-ray diffraction experiments, even multiple anomalous diffraction (MAD), to be easily and robustly
performed. But in general the success of these more routine experiments is still dependent on the quality of the crystals obtained. Modern
structural biology projects have however become ever more complex and their success is often dependent on a few poorly diffracting
crystals that are radiation sensitive. Such projects require a much more careful approach in data collection. One possibility, often used in
small molecule crystallography, is the reorientation of a crystal using a multi-axis goniometer for data collection. Unfortunately most
multi axis goniometers are very large and therefore difficult to integrate into modern MX-beamlines. In Grenoble we have developed an
alternative system, a compact mini-kappa (MK3) goniometer head that is mounted on most of our MD2/MD2M diffractometers and fully
compatible with high throughput crystal screening. In parallel, a user friendly software package “Strategy for Aligned Crystals” (STAC)
has been developed. This software provides an accurate and simple access to new crystal reorientations. The MK3 and STAC allow a
crystal to be reoriented in the X-ray beam for optimal data collection strategies or “smart data collection schemes”. Here we will present
the advantages of using STAC and an introduction on how to use this software for your future experiments.
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Potential for challenging projects

Radiation damage
- Minimise the oscillation range

- Measure the intensities of the Bijvoet pair reflections simultaneously
Align a crystal to a previous orientation
Realign a crystal to avoid defects

Crystal courtesy of J. Timmins (ESRF)
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Improving experimental phases
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Exploiting the anisotropy of anomalous scattering boosts the phasing power of SAD and
MAD experiments

Mare Sehiltz® and Gernd Bricogne®
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Potential to use the anisotropic behaviour of anomalous
scattering atoms with respect to the polarization of the X-ray beam.
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The Grenoble MiniKappa goniometer head or MK3

OMEGA axis KAPPA axis PHI axis

Torque limited rotation Torgue limited free rotation
0-270 Deg, 0.2 Deg

+ Holds the sample
+ Datects the sample.

4
SPINE
Sample holder

OMEGA XY S
Centring table Collision Detection
(Crystal centring) | with Omega Stop safety switch

» MiniKappa integrated into MD2/MD2M diffractometers

* Dedicated software: Strategy for Aligned Crystals, (STAC)
- Also integrated into DNA for multi-axis goniometers on synchrotron beamlines.

Brockhauser, S., Ravelli, R.G.B. et al. (2009) .
Reorienting Macromolecular Crystals, Bl HIT | i
J. Appl. Cryst. (in preparation) % ESRF ¢ EMBL
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STAC Startup — via ‘desktop icon’ or shell

Terminal STAC- JOB CONTROL

Eile Edit View Terminal Tabs Help
artemis2:~ % stac

CHECKING THE STAC INSTALLATION

STARTING THE SOFTWARE STAC...

Starting Paramteres:

STACDIR = Jopt/pxsoft/stac2/vdefault/STAC
JDK =

PATH = Jopt/pxsoft/stac?/vdefault/redhate4-i686/bin: /opt/pxsoft/tools/java/v
1.6/redhated/bin: fusr/kerberos/bin: /opt/rpm/bin: fusers/blissadm/local/bin: fusers|
/blissadm/bin: fusr/lecal/bin: /bin:/usr/bin: fusr /X11R6/bin: fopt/pxsoft/bin: fusr/b!
in/X11: .

PATH = /opt/pxsoft/stac2/vdefault/redhate4-i686/bin: /opt/pxsoft/tools/java/v
1.6/redhate4/bin: fusr/kerberos/bin: /opt/rpm/bin: fusers/blissadm/local/bin: fusers
/blissadm/bin: fusr/lecal/bin: /bin:/usr/bin: fusr/X11R6/bin: fopt/pxsoft/bin: fusr/b
in/X11: .

CLASSPATH= /opt/pxsoft/stac2/vdefault/STAC/STAC. jar: /opt/pxsoft/stac2/vdefault/S
TAC/thirdparty/jars/xerces. jar: fopt/pxsoft/stac2/vdefault/STAC/thirdparty/jars/j
unit. jar:/opt/pxsoft/stac2/vdefault/STAC/thirdparty/jars/jasypt-1.4. jar: /opt/pxs
oft/stac2/vdefault/STAC/thirdparty/jars/icud4j-3_8_1. jar:/opt/pxsoft/stac2/vdefau
1t/STAC/thirdparty/jars/gnu-regexp-1.1.4. jar: fopt/pxsoft/stac2/vdefault/STAC/thi
rdparty/jars/dna.jar: /fopt/pxsoft/stac2/vdefault/STAC/thirdparty/jars/commons-lan
g-2.3.jar:/opt/pxsoft/stac2/vdefault/STAC/thirdparty/jars/comnons-codec-1.3. jar:
Jopt/pxsoft/stac2/vdefault/STAC/thirdparty/jars/castor-0.9.3.19. jar: /opt/pxsoft/
stac2/vdefault/STAC/thirdparty/jars/castor-0.9.3.19-dna. jar: /opt/pxsoft/stac2/vd
efault/STAC/thirdparty/jars/bioxdm. jar: /opt/pxsoft/stac2/vdefault/STAC/thirdpart|+|

StacBCM

StacAlignment

StacStrategy

]
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Synchronised movements

[ STAC: Strategy for Aligned Crystals. BER
Gonio TransCalib_|" Gonio RotCalib Motor Access | Input for Re-Orientation | Vector Evaluation | Strategy | Options | Help | About

[ Gen [ clearpa. | Mysync
s""“ 90 180 270 360 77 |10 5 H Setfes | H LIAT)
o0 o e o |1oo H GetPos |zo\ “ My 10
90 180 270 3602 |10 0 H Setros | “ LA
x - > Joos | cetros Joooo | we
¥ — s> Joos | cewos Joooo [ e
z - >> Joos | cewos Joooo [ e

Manual Synchronised Tilt Control:

Automatic centering: CalibPeak
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Input descriptor — or motor positions

Gonio TransCalib_ [ Gonio RoiCalib_|” Moter Access [ Input for Re-Orientation | Vector Evaluation | Strategy | Options | Help | About

NEW XTAL Descriptor: ‘Jmn/ZDDEOSZ‘UdHEM/mx/(ae/urﬂtEss/xds,uns\re(—fae,1,1,run2,1/xds dEsErH = Load Rewrite

—— u u oo |

curen Transt. | | | |

omfi @® Mosfim O xps © Denzo ‘ H =
Vi vz Closd Comment
= o andard alignment
& o andard alignment
o a (] Standard alignment
[ e~ andard alignment
o & andard alignment
o Gl andard alignment
Reorientations:
Add New Del Selected

Smallest Oscillation

Get a new from file:

E)
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Input OM file — or “crystal orientation matrix”

A

rategy for Aligned Crystals

Gonio TransCalib_| Gonio RotCalil

Motor Access | Input for Re-Orientation | Vector Evaluation | Strategy | Options | Help | About

‘ NEWXTAL  Descriptor: ‘)mn/ZOOEOSZ4,\d14eh4/mx/me/prn(es;/xds,pns!ref—!ae,l,l,runz,1/;{\15 umr” =) ‘ Load ‘ ‘ Rewrite ‘
Current Angles: ‘175 o Ho 0 Ho 0 H Get Pos. ‘
Current TransL. ‘z 1207 Hfo oose ”22 6165 |
OM file: © Mosfim ® XDs © Denzo 20080524 _id14end/mx fae/ /process/xds_postref-fae_1_1_run2_1fCORRECT LP“ B
Vi vz o Comment

& o tandard alignment

a = ancard alignment

o B tandard alignment

o 2 [ [standard alignment

o b4 ranciard alignment

- b tandard alignment

Reorientations:

Add New Del Selected

Smallest Oscillation

Get a new from file:

=

Next »
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Options - Move close to a standard alignment

-0%

¥ STAC: STrategy for Aligned Crystals
Gonio RotCalib

Gonio TransCalib

NEW XTAL  [Descriptor:

Current Angles: ‘179 o

Motor Access | Input for

[ vector Evaluation | swategy | Options | Help | About

M 2008052 4_id14eh4/mx /fae/process/xds_postref-fae_1_1_run2_1/xds destr“ B Load Rewrite

Ho o Ho 0 H Get Pos. ‘
Current Transl... ‘z 1307 H—o 0058 sz 5165 |
OM file: © Mosfim ® xDS © Denzo ‘ H =]
Vi vz o Comment
= (3 ] |standiard alignment
a o tandiard alignment
o @ (] [standard alignment
(i o (] [standard alignment
o & tandiard alignment
o o tangard alignment
Reorientations:
Add New Del Selected

Smallest Oscillation

Get a new from file:

=]
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Ali t opiti R It with cl

Gonio TransCalib_| Gonio RotCalib_| Motor Access | Input for Vector Evaluation | Strategy | Options [ Help | About
Alignment Vectors: Clear Table|

D v2 Omega Kappa Phi Trans Rank.

5 (55.0:-26.07%,-23.343) ©.0,0.0,1.0) 211245 147.366 334721 (-B.2B02;14 651 2529 69979862
5 0.0,0.0,1.0) 172232 219.18 295 63 (-15.6955,6.079... [2529 70364988,
7 (0.0,0.0,1.0) 21245 147.366 334721 (-82802;14 651 [2529 06527719
& 0.00.0,1.0) 352232 21518 29563 (-15.6955,6.079 5.06915811.

omega Kappa Phi e v z
e [ [
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Other options — Add new, smallest oscillation

{ASTAC: STrategy fo

igned Crystals

Conio TransCalib_| Gonio ROLCalib_| Motor Accass | Input for Re-Orientation | Vector Evaluation | Strategy | Options | Help | About

escriptor: ‘Jmn/ZOOEOSZEUMAEM/mx/!aﬁ/prntEss/xds,pns\re!—me,1,1,run2,l/ms destr“ =] ‘ Load ‘ ‘ Rewtite ‘
Current Angles: ‘17& o “o o Ho 0 H Get Pos. ‘
Current TransL... ‘z 1307 Hfo oose sz 5165 |
OM file: © Mosfim @® XxDS © Denza ‘ H BB
i vz Close] Comment
b o vl Standard alignment
B = andard alignment
b a andard alignment
(= = [ standard alignment
& £ V] Standard alignment
o b andard alignment
(001010) [(10000.0) | []|Optimal align for compl=100.0 _specific.
_ 2.01000) [(0.00.61.0) ptimal align for compl=59.0 _specific_
Reorientations: (10 1.000) (0.00.01.0) ptirnal align for compl=985.0 _specific_
Add New Del Selected

Smallest Oscillation

Get a new from file:

Bl
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Result — Add new or smallest oscillation

Gonio TransCalib_| Gonio RotCalib_| Motor Actess | Input for Re-Orientation | Vector Evaluation | Strategy | Options | Help | About
Alignment Vectors: Clear Table
] V1 V2 Omega Kappa Phi [ Rank.
5 0.0, 11245 47.566 4721 51 |7525.695798
2 10.0; F2.232 19. 5,5 7 ‘25 T02649:
7 10.0; 24 47.366 4721 5 Fj 065277
,0.0; 2.232 19, 5; 7 529. 06
10.0; 7. 129.719 7 183 556325,
) (1.0,0.0; 9566 236.827 7511 552183557122
1 (1.0,0.0; 47.3 129.719 51395 3 183.5627078:
2 (1.0,0.0; 349.566 238.827 7511 183 558744 1:
3 (10,00; 93644 152.487 1961 573.087959 1
4 (1.0,0.0; 60.14 [214.058 86.04 57310353231 |
5 (10,0.0; 273.644 [152:487 1961 2573.0892235
3 (1.0:0.0; [240.14 [214.058 86.04 2573.10731487
Omega Kappa Phi X ¥ z
u u
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Strategies

L STAC: STrategy for Aligned Crystals.
Gonio TransCalib_| Gonio RotCalib_| Motor Access

Vector Evaluation [ Strategy [ Options [ Help | About

Clear Table|

Input for Re-Orientation

Multiple-Sweep Strategies:

D | Omegastart Iner Time Images 1stimg Resalution Kappa Phi Rank
26.0 ] 5 147.366 34721 00 5.0
128.0 o 9 129718 5295 7 05.0
98,0 0 6 0.0 0 9 05.0
[94.0 o 9 152 487 1961 ] 7.0
EEN) 0 0.0 0 . 7.0
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Help

ligned Crystals

L4 STAC: Srategy for
Options [ Help | About

Gonio TransCalib_| Gonio RotCalib_| Motor Access Vector Evaluation | Strategy

Input for

Input:
+ put a crystal + center it + get inages with arbitrary mwotor settings + index them

+ optionally:
It should describe the OM File, its type (nosTln/xds/denzo), and the

datun/translation used
+ [Load this descriptor], ar manually fi11 the fields below with the required info
+ optionally: positions can help in getting the Datum/Translation values

+ optionally:
The information in the GUI is stored to the given descriptor

+ Edit the v1/v2 table in the lower right cormer:
- one can edit the fields manually
V1 : the crystal vector to be aligned parallel to the spindle-axis
W2 : the crystal vector to lay on the plane of the spindle- and bean-axes
valid crystal vector entries are:
a,b,c,a%,b*,c* - special vectors
(h,k,1) - reciprocal space vectors
[a,b,c] - real space vectors
- [Add] a new row can be added
- [0e15e1] the selected rows can be removed
[CetFromFile]: the orientation of a previcus crystal can be attached
to do so, one should specify the OM descriptor of the previous indexing
If a0 file is specified, its naming nust follow the standard convention:
nosflm matrix file with a separate save file descriptar (nosflm.

inp)

*.mat
*.LP xds indexing in CORRECT.LP with a separate hkl descripter (INTEGRATE.HKL)
. denzo indexing _

- optionally select only the lines of interests
+ [Next]: possible datuns are calculated for the selected(l) reorientations.
If no rom has been selected, all the entries are processed.

Align:
+ select one or nore offered reorientation alignuents

Be carefull with the possible collisions!
+ [Move Sell: The offered reorientation of the uppermost selection can be perforned.
If no selection has been nade yet, the arbiraily editable datun fields are taken into account
Note that the appropriate translations are automaticaly applied.
+ [Next]: appropriate strategies are calculated for the selected entries.

A. McCarthy, EMBL/ESRF Joint Structural Biology Group
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Terminal [=](= ]

File Edit View Teminal Tabs Help

A a artenis?:~/STAC/config % more BCM.dat
# GONIO Calibration Settings
OmegaRot -8.1E-4 -3.3E-4 1.0
KappaRot -0.28613 -0.30305 0.909
PhiRot 0.00487 -0.00614 0.99997
KappaTrans 0.17545 -0.2136 -0.01185
PhiTrans 0.21699 -0.0848 -0.00128
KappaTransD -0.29172 -0,2957 0.90965
PhiTransD 0.00434 -0.00599 0.99997
# BCM plugin selection
BCM_Plugin BCMplugin_esrf_complex
# spec version:
SPECVERSION  1id14d:ehd
# motorDescriptor:
# eg:
# motorName  motorName multiplication factor  offset  dialOffset
# (in STAC)  (in spec) (specValue=StacValue*froffset) (user=dialidial0ffset)
#

]

X sampx -1.0 -2.44637320701 -5.177111000987716E-5
Y sampy 1.0 -0.15359673024200005 -5.4495909999979775E-5

Z phiy 1.0 21.0822111111 -1.1111009997407337E-5

Onega phi 1.0 0.0 2.3437409999090505E-4

Kappa kapl 1.0 0.0 0.0

Phi kap2 1.0 0.0 0.0

#

# remark:

# mulfac assunes that calibration has been done, and the

# motors are aligned to the lab axes, otherwise

# [XYZ] <> [spec translation] would require a 3d transformation
#

INITSTRING minikappa_init
#

#

CENTERPREPARE centerprepare 0 0

TANGOURL_CENTERNEEDLE tango://deino: 20000/1d14/mxautocentring/4 0 0 0
#source:

# CACHE -0

# CACHE_DEVICE - 1

# DEVICE -2

SOURCE 1

CENTERNEEDLE CenterNeedl

CENTERNEEDLERADIUS ~ R
CENTERSTATUSEQUEST  State

CENTERSTATUSOK STANDBY
CENTERSTATUSHOVE RUNNING
artenis2:~/STAC/config % | B

cococooo
cococooo
cocococoo
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