Efficient collection of oscillation data -
planning, pitfalls, and prospects

Marian Szebenyi

Most macmomolecular crystallogra-
phers coming to CHESS collect diffrac-
tion data using the escillation method.
This 15 a time-tested and well understood
technique, but several factors must be
conzidered to collect good osallation
data in the most efficient way possible,
50 as to make best use of one’s imited
synchrotron time. This article considers
some of these factors, and mentions how
new software at CHESS will help users
plan more efficient data collection.

Evaluating the Initial Image.

The first step m data collection 1= al-
ways to mount a crystal and take a dif-
fraction pattern. Often a still exposure 1=
taken fimst, followed by an osdllation if
the still looks promising. What can we
conclude from the images shown in Fig-
ume laand Figure 1b? From the mage
akone several things can be checked:

Singleness of crystal - any thmg other
than a single pattern of well-defined

limes probably indicates a spht, multple,

or twinned crystal. Translating the crys-
tal along the spindle may allow fmding a
region which is single.

Maosaicity - more spots than expected
for the osdllation range are produced if
the mosaic spread of the arystal & high.
From the image itself one can get some
feel for mosaictty, but this should be
checked after ndexing (see belowl

Owerloads - saturated picels are dis-
tinguished from others on the displays
available at the stabons: they appear in
color on the Fuji scanner Image_Analyze
disply and in black on the CCD display.
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Them should be no more than a few per
cent overloaded reflections in the resalu-
tion range of interest. To collecta wide
range of intensities, 1t may be necessary
to take multiple passes through the total
osallation range, with different exposure
times.

Shadowing - 1t is possible for equip-
ment such as a cooling nozzle to block
part of the detector surface. This & usu-
ally obvious, but not always. In the case
ofa short exposure with relatively few
spots {from a small molecule arystal, for
example), one may need to look dosely
to detect the region where data are miss-
g,

Spot separation - successful integra-
tion of reflections requires enough sepa-
ration between them. The required dis-
tance depends on the spot size, but 1=
typically about 10 pixels, asin the ex-
ample of Figure 2a. The 6-picel sepam-
tion in Figure 2b. will clearly cause diffi-
culty in integration and should be
avoided if possible, etther by moving the
detector back or by narrowing the oscil-
lation range.

Signal-to-noise - adequate peak to
background ratio is needed for good
data. Scaling by the image display pro-
gram may make an image look fing when
in fact itis not. A check of the back-
gmund values may reveal the pmblem;
backgrounds over about 1000 for image
plates or 5000 for OCD's are suspidous.
A program is being developed to give
plots of backgmund and signal-to-noise

as a function of resolution, to aid in this

aspect of image evaluation.

Far the two images shown in figure 1,
both crystals appear to be single. Al-
though not shown in these figures, met-
ther had excessive overloads in the eso-
hution range of interest. A shad owed re-
giom is visible m Figure 1b, but only a
small fraction of the data will be ob-
soured by it. The spot separation is closs
but adequate for Figure 1a. Figumes 1c
and 1d, however, reveal a problem. Here
1= plotted the background (and a few
peaks) along radial lines of the images in
Figures 1aand 1h, respectively. The
background in the Figure 1b image is
deary excessive. This high background
is probably due to scattermg from fozen
solvent, etther in or surroundmng the
crystal. It would be advisable to look for
a better crystal, or to try mounting in a
smaller loop if extearnal solvent is the
problem.

Indexing the Initial Image

Onee a visnally sahsfactory image has
been obtained, the aystal should be ro-
tated, usnally by 90 degrees, and another
exposure taken, to check for anisotropic
mosaicty, splithng that was not appar-
ent on the first image, and any arystal
centering problem. The latter 15 probable
when diffraction is very weak or absant
atthe second spindle position but 1= fine
on a repeat of the first exposure.

If the second image 1s good, 1t 1s ime
to index an image. Thisi= easily done us-
ing Denzo (part of the HEL program
package, by Z. Otwinowski and W. Mi-
nor); the only parameters needed are the
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direct beam position and the crystal-to-
detector distance. A successful indesang
pmduces the result shown in Figure 3a.
The predicted reflechons, shown as
green, yellow, and red drcles, fall on or
almost on the actual spots, and very few
spots have no comesponding predictions.
The predichions m Figure 3b were pro-
duced when an incorrect crystal-to-de-
tector distance was supplied. This is the
most commaon cause of a bad indexing,. It
1slargely due to the difficulty of reading
an accurate distance om the MacCHESS
oscillabon cameras; a new camema design
will remedy this problem. A distance er-
tor makes all the calculated cell dimen-
sions oo high or too low; if the comect
values are known it1s easy to adjust the
distance until the calculated values are
reasonable. If the distance and direct
beam position are corredt, and the image
has at leasta few dozen good spots, the
indexing should succeed. If not, the crys-
tal may be twinned, so that the spots are
mot from a single lattice.

Once a predicted diffrachion pattern
has been generated, crystal mosaicity
may be evaluated. If the predicted lunes
am too narrow, the mosaicty is higher

{Figure 1) (&) and (B). sxamples of difraction
images, Laken on the 2K CCD detector. o) and
pbis of pieel values slong redisf fines, o |'i:} ).
images i (&) and (B, especively. Tf?ebsemsmp
shatow sppsars st fenght of each race, and fs
Ieftend is close o e eoge of feimage. The
genersl rend of esch race is dus o beckground,
whils e sharp pesks sre Fom difscion spoms
st happsn fo §e slong fe radis vsed

than the value supplied to Denzo (as-
suming the correct oscillation range ). The
mosaicity may teadily be varied until the
predichion matches the real pattern. Tf
spots appear in between the predicted
lunes and no value for mosaicity wall ac-
count for them, the crystal is probably
twmnned, or has a satellite. There is no
puint in wasting time on such a aystal
unless the extra spots are very few or all
the crystaks of the material are equally
bad.

The appropriate oscillation range may
be determined by making predictions for
various rnges and checking for overlap-
ping reflections. Using a mosaiaty a httle
on the high =ide for safety, a range that is
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aswide as pussible without generating
more than a few overlaps may be se-
lected. In some cases a narTower range
than this may be desired, for the reasom
of reducing background. A few more test
exposures may be needed to settle the
question. [f the unit cell dimensions are
mot all quite similar, predictions should
be made for several spindle settings, as
different esallation mnges may be ap-
pmpriate at different crystal orientations.

Completeness of Data Set

The ideal data set is 1007 complete,
with most reflections measured several
times. Maturally, this is not always pos-
sible. From an indexed image, however,
itmay be determined how much of the
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unique data can be collected on the cryps-
tal, and what range of spindle angles
must be covered to get this fraction. A
pmgram now being developed at
MacCHESS, “m.simulate”, will aid in
this determination.

The fraction of eciprocal space that
must be coverad to collect all the unique
data to a given resolution depends on the
arystal symmetry and on whether
anomalous data are required. Tt 15 com-
mon to say that because a arystalis
monochinic, one must collect 180 degrees
of data, or because it is tetragonal one
only needs 43 degrees. In fadt, the rota-
tion mange needed to collect the unique
data depends on the orientation of the
rotation axis relative to the unit cell axes,
ie. on the orientation of the crystal an
the camera. In the real world, an addi-
tional factor is introduced by the limited
ama of the detector. For the CCD detec-
tors in particular, recording resolved
spots to high resolution may mequire off-
setting the detector perpendicular to the
x-ray beam. This results in some combi-
mation of a loss of edundancy and a loss
of unique data fora given rotation range.
Table 1 illustrates the effects of varying
crystal orientation and detector position.
This is a case where some data are off the
edge of the detector if itis not offset, so
that with the CCD centered even a 180
degree Totation of the aystal anly gives
about S ufﬂ'leu.niqu.e data at best. Tf
the crystal & aligned with ¢* along the
spindle, only %) degrees of mtation are
meeded to give the maximum complete-
niess, but this maximum is omly 76 If
the detector is offset, a complete data set

may be obtamed, but 1t requires talang a
full 360 degrees of data if anomalous
data are needed or if the aystal orienta-
tion is not optimum,

Crystal Orentation

Orienting a crystal with a symmetry
axis along the x-ry beam can serve to
minimize the mtation range required o
collect a neardy complete data set. Alter-
natively, measurement of anomalous
data may be fadlitated by orienting the
crystal ko put Bijvoet pairs on each im-
age. In the case of a unit cell with one
lomg axis, placing that axis along the
spindle allows wider oscillabons to be
taken than otherwise. The advantages of
using an orented crystal must be con=ad-
ered in light of the difficulty in scaling
frames from a rotation serieson such a
crystal together, particu-
larly in the lower symme-
try classes. A data =et
from a second, differently
oriented, arystal will
probably resolve this
problem. An additional

comsideration is that, for
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some symmetries, data collected by rota-
tion about a symmetry ais will be in-
complete no matter how many degrees of
rotation are taken, due to the “missing
come” problem. Limitations in detector
amea may aso beoome mome important
for oriented crystals. Figure 4 shows the
fraction of unique reflections collected in
a 360 degree rotation of a small maolecule
cry=tal. The figume represents a pottion of
reciprocal space: the blue surface en-
clomes the total unique volume (o the
limiting resolution of the aystal) for this
ortherhombic cell; the magenta surface
encloses the points comesponding to the
unique reflections which were actually
measured. Along the lefthand edge, the
magenta surface is just inside the blue,
showing complete coverage, but at the
lowwrer right a substantial number of the
urnigue reflections were not collected.
The crystal was oriented with b® near,
but not an, the apndle aas; the OCD de-
tector was offset, in order to get the de
sired resolution. The missing regions are
due to a combination of limited detector
size, “missing cone’” effect, and a cooling
mozzke shadow that was not obvious dur-
ing data collection {due to the small
number of spots per image). Although
this image was generated using the e
flections actually collected, the missing
regions due to crystal onentation and de-
tector geometry could have been pre-
dicted ahead of ime using m simulate,
and the desirability of taking more data
om a second, differently onented, crystal
would have been clear. In future, users
T CONTHLED ON PAGE 52




will be able to check the potential com-
plteness of thetr data before taking it.
An additional capability plarmed for
m.simulate is that of reading in an earlier
dataset and telling whether the current
crystal will fill in gaps or merely repli-
cate earlier data.

At CHESS, corsiderations of desirable
crystal onentations are currently moot,
asreorienting of crystals is imited to
what can be dome on the gomometer
ams. Thi= may change in the future, how-
ever, particularly on the F2 station, and it
is sometimes possible to influence a
arystal’s ormentation dunng the mounting
PCEsS.

To optimize the anomalous sgnal
from a crystal not oriented with a mirmor
plane perpendicular to the spindle, 1t
may be desirable to use the “inverss
heam” approach: after a few degrees of
data have been taken the crystal is ro-
tated 180 degrees and the same amount
of data collected. The second set of im-
ages will contain the anomalous mates of
reflections on the first set. Note that this
will omly be true for all reflections if the
detector is centered.

Preparing to Take Data

Enough mformation is now avalable
to determine the expenmental pamam-
eters for data collection. These are:

Exposure time - set to give few over-
loads in the resolution range of intenest
and a wasonably low background. Mul-
tiple passes with different exposure
times may be necessary to get a wide
resplution mnge. The minimum expo-
sure bme per degree 1s set by the maa-
mum speed of the spindle motor. For
strongly diffraching crystals, it may be
mecessary to attenuate the x-ray beam to
avond overloading,

Oscillation range - set to minimize
muimber of exposures, while allowing few
overlapping reflections and keeping
background low. May vary with spindle
sethng.

Deetector distance and offset - set to
avoid having spots too closs, while col-
lecting data as dose to the hmiting reso-
Tution of the crystal as possible.

Limits of total oscillation - set by
range needed to get the most complete
data set possible for crystal’s onentation.
Muore than the minimum range may be
taken if high redundancy 15 wanted.

Crystal orientation - set, if desired
and possible, to mimimize number of ex-

posums or maximize quality of anoma-
loms data. Except for rotabon about the
spindle, can only be controlled (at
CHESS, now) to a limited degree, and
would usually not be changed.

Exposures per fill - depends on expo-
sure time, readout time for the detector
bang used, and of course the time re-
maining in the fill when data collection 1=
imihiated. If using the “inverse beam”
method to optimize the anomalous =sig-
nal, the time to rotate the spind e 180 de-
gmes mustalso be included.

Special Cases

Shout-lived crystals. The foregong
describes an approach of careful check-
ing hefore starting data collechion. This =
appropriate when the aystal on the cam-
era is frozen (as & now standard at
CHESS ) and will not be harmed by wait-
ing for the 10-15 mimites it takes for full
evaluation and planning. When the crys-
tal 15 not frozen, or is subject to rapid de-
cay even when frozen, it is better to just
make a quick examination of an image
for crystal splitting, spot overlaps, etc.,
and proceed directly to data collection.
Then, while the next crystal is being
mounted, the images just taken can be
examined for mosaidty, etc. and param-
eters adjusted for other crystals in the
batch.

Multiwavelength data collection.
The efficient collection of data at mul-
tiple wavelengths, for MAD phasing, in-
vaolves the same considerations as the
monochromatic case. Amde from chang-
ing wavelengths between exposures and
peniodically taking energy scans, the
data collection process itself is the same,
and the same aiteria are wsed to select
good arystals, set the oscillabion range,
and so forth. Because of the impaortance
of Bijvoet pairs in MAD phasing, it is
necessary to take particular care with
crystal orientation and detector offset,
and data may be collected using the “in-
verse beam” approach. See the article
“How to Go MAD at CHESS" on the next
page for more details. In addition, the ex-
tra time needed for collecting each rota-
tion range three or four times makes it
espedally important to optimize all ex-
perimental parameters, if the data set is
to be completed in the time available.

Unusual data eollection modes. For
very weakly diffracting arystals, long ex-
posums, on the order of an hour, may be
requited. If normal oscillabion exposures

ame taken and the beam dumps halfway
thmugh one of them, the image waill
pmbably be too weak to be useful. A
“long-exposure” mode 15 available, in
which only one pass i taken through the
oscillation range, with the spindle rotat-
ing in a series of small steps rather than
continuously . In order to compensate for
variation in beam intensity with time, ex-
posure at each posttion s for a fived
mumber of counts, not a fixed time. With
this maode, if an exposume 15 terminated
prematurely one has a narrower oscilla-
tiom mnge than desired, but reasonable
exposure of the reflections that ane
present. Use of very long exposures re-
quires special attention to background; in
particular, the 2K CCD has relatively
high dark noise, which may be a pwblem
in such cases. Otherwise, the same con-
siderations apply as for shorter expo-
sures.

The appmach of taking very narrow
oscillation ranges (“fine phi-slicing”) has
been tested at CHESS. In this case, an int
tial exposure with a wide osallation
range should be taken to evaluate crystal
mosatcty. Selection of exposure time 15
done using a namow-cedllation image.
Total rotation range = determined as
usual. When considering the fine phi
shang approach, the readout ime of the
detector becomes very important, as does
the available disk storage for data
frames.

Summary of Taking Data Efficiently

*Mount a crystal and take inital
shot{s].

*Check for crystal problems, good ex-
posure time, I;md spot separation.

*Index image, check mosaicity and
oscillation range.

*Check potential completeness of
data.

*5et experimental parameters and
take data.

*P'meess data assoon as you can -
plans are nice but the proof of the pud-
ding is in the eating!



