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XENOCS X-ray Optic System Tests

On the week of October 20" we were provided the opportunity to test the XENOCS 3D-multilayer
optical system on our CCD detector system. We were able to collect one full data set on a Trypsin crystal
provided by Dr. Bryan Sutton. Additional tests were performed with a CRP mutant crystal from Dr. J. C.
Lee and a small selenomethionine crystal of heat shock protein provided by Dr. Robert O. Fox.

Trypsin: A well diffracting crystal with moderate cell

dimensions.

Table I. A comparison of XENOCS and MSC-BLUE optics using Trypsin
XENOCS/CCD BLUE/DIP? XENOCS/CCD XENOCS/CCD
Sample Trypsin Trypsin Trypsin Trypsin
Space group P3,21 P3,21 P3,21 P3,21
cell 54.58, 107.85 54.51, 107.07 54.58, 107.85 54.58, 107.85
Speed (min/°) 10+6 10 10 6
Resolution (A) 1.8 1.8 1.8 1.8
# Frames 218 + 124 100 218 124
Wedge size (°) 43.6 + 62 100 43.6 62
# Reflections NA 80,324 NA NA
# Unique 16,131 16,204 15,258 12,766
% Complete 90.1 (NA) 90.6 (99.9) 85.2 71.3
Redundancy 3.0 (NA) 4.8 (5.0) 1.3 2.2
Rmerge 9.4 (45) 5.5 (60) 4.9 (32) 9.4 (30)
I/s(D)* 6.2 (1.4) 12.1 (2.3) 11.2 (1.7) 5.8 (1.8)
Cross-Scale 1 1.09
Cross-B 0 13.5
Refinement
Rw 17.91 19.98
Rfree 22.28 24.34
# Atoms 1763 1719
# Waters 132 88
Avg B 21.4 32.24
1. The I/s(I) value is dependent upon the error model used.
2. The second data set had greater effects due to sample icing.
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CCD/XENOCS data
is lesscompletedueto

problemswith the x-

ray shutter(which has
beenreplaced). This

required that two
scans at different

R-factor

speeddo becombined
to producea complete
data set. The

IP/MSC-Blue data is

marredby ice which 10 :
formed on the crystal
and could not be
removed. The higher
Rmergevaluesfor the
CCD areprobablydue
to the inclusion of
data from a FAST
(6minP) data set and
differential absorption
between the two
scans, which were
performedat different
phi angles. The first-pass,at phi=0, had Rmerge
valuessimilar to that observedwith the IP. The
second pass was collected slightly faster, and
therefore has higher Rmerge values and lower
I/s(l).

The big differencein the dataquality is seenwhen
we refine the trypsin model againstthe data. The
CCD/XENOCS data always has a significantly
lower R-factor than the MSC-Blue/IP data.
Additionally, more water moleculesare found due
to the bettermapswith lessnoise. This seemso
indicatethat the x-ray intensityfrom the XENOCS
optic is greaterthan the MSC-Blue optic. The
higher intensity of the XENOCS optic is

0.2
Resolution

Figure 1. Theratio ratio (grey bars) of the numberof observationsn dataset?2 (IP) to setl
(CCD) is higher at high resolutiondue to the better geometryof the IP detector,which also
collectsa greater redundancyof reflections.This ratio showsclearly the worseningeffects
fromtheice rings on the secondsetof data, significantlyreducingthe numberof observations
in certain resolutionranges.Althoughthe seconddata set(IP) hasworseeffectsdueto ICE
rings at 3.8 A (0.14),2.3 A (0.23),and 1.9 A (0.26)this is not the only causeof the
differencesbetweenthe R-factorsfor the two data sets. Despitethe lower redundancyand
slightly lower overall completenesshe data from the CCD (solid lines) is obviouslybetter
than that from the IP (dashed lines).

corroboratedoy the cross-Rmergelata. Although

the cross-scaléactoris aboutone,dueto rescaling
of the intensitiesin ProScaleor different detector
specificintensityscalesthe greaterintensityof the

high resolution data from the XENOCS/CCD
systemis clearly demonstratedy the relative B-

factorof over13. This sameB-factor differenceis

also observed in the structure refinement.

CRP and HSP

Small wedges of data were collected on these
sampleswhich representdifferent extremes:long
unit cells and micro-crystals. Note that statistics
for partial datasetsalwaysappearo be betterthan
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for completesetsof datadueto the low numberof
observations actually used.

Table 2. Incomplete data sets: Test of long-axes and micro-crystals
CRP HSP
XENOCS/CCD BLUE/IP XENOCS/CCD CAMD
Sample Pn-1 Pn-2 #11 Cd #11 Cd
Crystal size 200’ mm 700 x306 nm 100mm
Space group P4212 P4212 R3 R3
Cell (A) 68.9,230.9 68.7,230.0 80.1, 131.3 80.0, 131.2
Distance (mm) 120 370 70 125
Wavelength (A) 1.5418 1.5418 1.38
Speed (min/°) 25 60 25 2
Resolution (A) 4 4 2.8 2.8
# Frames 125 227 50 164
Wedge size (°) 25 113 10 164
# Unique 3,149 4,968 1,845 7,613
% Complete 60 98 (88) 24 100
Redundancy 2.1 6.3 (5.2) 1.02 5.3
Rmerge 13.5 (29) 5.6 (12) 4.3 (15) 10.6 (37)
Chi? 0.7 3.8 0.39 1
I/s(1)* 4.6 (2.5) 21.6 (17) 8.6 (4.1) 7.1
Cross-Rmerge 13.9 (24) NA 23.7(46) NA
Cross-Scale 3E-4 1 11.3
Cross-B -5 0 -1

Long Axes (CRP):

The CRP Pn-1crystalwas orientedin it's loop so
that data could not be collectedon the IP dueto
spotoverlaps. The CCD was able to collect data
on this crystal despitethe orientationof the long
axis and the low intensity of the reflections.
However,the merging Chi valueswere unusually
high (~19) until a suitable re-indexing of the
frameswasfound. The weakdiffraction (I/sl <5)
from this samplecausedseveralproblemsin the
processingof the data,which were not obviousat
first glance. This crystal was much smallerthan
the Pn-2 samplewhich was lost after collecting a
full dataseton the IP detector. The mosaicity of

both crystalswasgreaterthan1.5 degreesandspot
overlapwasa seriousproblem,in someregionsof

the detector,dueto the large spotsizeandlong c-

axis. Confocal optical systemsproducea beam
with greaterdivergencethanthe collimating Gobel

optic currently on the CCD. This limits the
maximum cell axis which can be resolvedto less
thanabout 250-300A with confocaloptics, while

cellsof >400 A canbe resolvedwith the weaker
Gobel optic

Microcrystals:
A thin selenomethionineCd derivative HSP
crystalineplate of 100 microns diameterwas shot
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on the CCD with XENOCS optics and at the
CAMD synchrotron. The CCD datawas difficult

to index, which causedsome difficulty in the
analysis,which was later rectified by indexing a
combined frame. The data collection times
combinedwith the cross-Scaleindicate that the
CAMD synchrotronwas about 6 times brighter
thanthe XENOCS optic. The ratio of the I/sigma
valuesindicatesa 9-fold higher intensity, but this
value is dependenupon the error model usedto
estimatethe Ch#* in the data processingsoftware.
The weak signal from the crystalmadeit difficult

to index using the CCD software. The cross-
Rmergeindicates that the two data sets do not
agreevery well, possibly due to the wavelength
differenceshaving had a large effect due to the
presenceof SeandCd, anomalousscatterers.The
latter doesnot seemto be likely asf”, the number
of anomalouselectronsfor Cd, doesnot change
muchfrom 1.45A to1.38 A (CuKa: ~4.7e, 1.38
A: ~3.8e, 12keV: ~2e).

The IP systemandthe HKL softwarecombination
is superiorfor weakly diffracting samples,due to

the lower intrinsic noise of the IP systemwhen

taking long exposures. The CCD is better suited
for well diffracting samples,becausethe CCD's
backgroundnoiseis proportionalto the exposure
time, and it is superior for rapid screeningof

samplesdueto it's fasterread-outtime: 10 seconds
verses 7 minutes for the IP.

XENOCS  vs.
points to consider:

MSC-Blue, some

The costof the XENOCSandMSC-Blueopticsare
roughly equivalent($60k). The XENOCSoptic has
beencomparedwith the Rigaku VARIMAX optic
on a micro-focussource. The measuredntensities
were within 20% of the VARIMAX optic, which,
accordingto Rigaku, hasa 4-fold higher flux on
the micro-focussourcethan the MSC-Blue optic.
TheVARIMAX optic retailsfor 1.5timesthe price
of the MSC-Blue optic and is too long to fit on

either of our detectorsystems. It also has no
significant benefit for the x-ray sourceswe are
using,producingonly a20% increasen x-ray flux
over the MSC-Blue optic. The XENOCS optic will
still be a superioroptic if we upgradeour x-ray
sourcesto a modern micro-focus systemin the
future. The MSC-Blue optic is servicedby MSC,
which is convenientlylocatedin the Woodlands,
north of Houston. The XENOCS company is
locatedoutsideof Grenoblejn France. The MSC-
Blue optic requiresa continuousflow of Helium
gas,while the XENOCS systemis equippedwith a
dry-vacuum pump to prevent oxidation of the
mirrors.

XENOCS
2x the beam intensity of MSC-Blue
(advertised)
Upgrade friendly (4x MSC-Blue
intensity with a micro-focus x-ray
source)

MSC-Blue
Local Vendor
Same as optics on IP system



