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REPORT ON FAST PRRFORMANCE THSTS

H. Paplz, Keele University
J.R. Helliwell, SERC Daresbury Laboratory

1INTRODUCT1ON

The FAST TV detector diffractometer ia a device for measuring the x-rsy diffrac-
tion pattetns of protein single crystala. The benefits of such a detector,
arieing from better counting statietice and detector sensitivity compared with
fiim, offer, amonget other thinge, an increase in both the sccurscy of intensity

measurementa and the rate of data collection.

The FAST ayatem 1s being nadé commetrcially by Bnraf-Nonfus, Delft snd is bsped
on a ptototype developed at the MRC Loborstory Cambridge (Arndt send Gilmore
(1979)).

buring 8 viait to the factory of Enrat-Honius, Delft (4-9 September)} crystsi-
lographic data were collected by M. Paplz and N, van der Putten es part of the
FAST ayatem performance tepts, Limited dats were collected from crystals of
ammonium bitartrate (used by Enref to commission CAD-4 dlffractometers)_end
rhodanese the protein crystal used by Baoraf to commission the FAST.

At the time of the vislt the FAST system was still under development end did not
represent the final inatrument which will be made available to Deresbury
laboratory. However the final system fe only likely to differ in-the improve-
pents made in camera nolae levels; the tests therefore place a lower bound on

the accuracy of intensity meagurements thet can be mode with the system.

Lmprovementa had been made in ons electronic boasrd which waes to reduce camera
nolge., MNHowever the improvements in noise levels coincided with an increase in
the point spread function {l.e. PSF=B, c.f. 5) compared with the previous visit.
lt.must be stated that although this observation may be significent the
procedure for winimising the PSF by electronically tuning the detector had not
been performed. The task of tuning the detector is performed by the efectronic
gtaff of Enraf-Nonlue and would heve required relinquishing the relevant
electronle board for the duration of the visft. Because the tests were to
discover the accuracy of the system in measuring intensitles it wes not thought

important to inaist on reducing the PSF for the period of the tests,

TEST 1 .

A spherical smmonium bitartrete crystsl, diameter ~0.3mm, space group P2,2,2,,
a=7,.65K, b=7,B5A, c=11.06A was used to collect 1B palrs of equivalent
reflections for agreement ststistics. Data were conllected with a gsealed X-ray
Cu Ra pource operated at 26mA and 30k¥, The camera and Iintensiffer was set tn
the higheat voltage gain of HV1i=HVCA=7. Two 20° rotatlon lmages were collected

with an integration time of 73 seconds. Electronic nolse was removed by

_subtracting from the image for 73 seconds with the x-ray shutter closed. The

integration times were chosen to mimlc the intenaities of medfum atremgth
rhodanese reflectlonas. Becouae of mmm symmetry Ln the diffraction pattern Lt
wan possible to find, by inspection, 1B pairs of aymmetry related reflectiona

{Teble !). These _data produced an agreement R-factor on 1 of 5.1%. This R-factnr

is surpriaingly good conaidering the effect of an unfavourably farge vrotatioa

interval {20°) Introduclag large amounts of background nolse,

TEST 2
The rhodanese crystal used wes of cubic dimenaiona ~0.3wm?, apace group C,,
a=156.08, b=49.0A, c=42.2A, f=98.5°.

A non-unfformity of response correction was generated from an image obtalned hy
illuminating the detector with uniform x-radiation at an x-~ray gource to
detector distance of approximastely Im. A spatial distortion correction table
was created from measurements made from an image of an hexagonal lattlce mask

placed at the surface of the detector.

During dats coliection the detdéctor to crystal distance was fixed at 51.2mm and
the besm collimsted to s dimension of 0.2mm, Data imapes were recorded in the
rotation range of 0°-37,5° sbout the c axis in 2.5° intervals, Mensurement
times were 250 seconds per image. MNolase subtracted ifmages were corrected for
non—uniformity of response, apatial distortion and interpolated to 100x100p%
pixel elements suitable for input into the film procesaing package MOSCO.

Dats images were processed st Dareabury on the VAX/B750 with only minor
modification to the MOSCO moftware, The final R.M.S. error in the crystal
orientstion matrix used to proceas the data wee 0.03° in Bragg angle. Table 2
gives the merging statistice including the ngreements between symmetry related
reflectiona, Rsym(on 1.



For all data Raym wae 7.4%. This did not reflect the beat that could be
obtained from the detector since the dynamic range of the cawmera is lesa than
that of the diffraction pattern. 1t would be therefore necesasry to collect two
images per rotation interval at short and long exposure times (equivalent to
having more than one film per pack in the photographic data collection method}.
If the weakeat reflectione <50 ere omitted leaving dats within a dynamic range
of 50:1 an oversall Raym of 5.3% 1s obtained., Perhapa a less arbitrary way of
Judglng the data 18 to observe that the strongeat reflectiona have an Raym of
2%. Thia figure 18 better than the best that can be obtsined with photographic
data.

TEST 3
An equally important test is the comparigson of dats Erom the FAST eystem with
that of the four circle diffractometer. Such a compariaon could revesl

undesiragble ayatematic variations In the FAST mesaaured intensitiea.

Rhodanese data from the CAD4 diffractometer (aupplied by K Kalk, Groningen) were
acaled to the FAST data. The acaling statistice are given below and show that
within experimental errors the FAST dats sre in conplete agreement with the

diffractometer data.

RF1 RF2 HR DR No. of refiections
4 y 4 4 )
TOTAL 1.4 8.8 9.6 0.705 795
STRONG 4.9 4,2 5.4 - 108
RFL = EllCAD-IFSTilzlchD Fsrliﬂ the intensity egreement factor between the
k,1).
CAD4 (IGAD) and FAST ([FST) data summed over all iIndices (H=h,k,l)
RF2 = EIIFST FST‘I IIFST FSTI ia the internal lntenaity egreement Eactor of
+
the FAST data, IFST and IFST are Friedel related pairs of reflectiona.

statistice have been calculated for the TOTAL and STRONG numbers of reflections

which have messurementa ICAD(H), IFST(H), FST(“) and [FST(“)'

HR = l(a(IFST)+a(IFST)) and represents the counting atatiastics error inherent

—F
i IFSTHFST)

in the dats meagured on FAST. Mence, 1f (RF2-NR) was pogitive then this would
repregent reaidusi nolse not expleslned by Polseon atatlatics whlch could be
attrlbuted to elther detector sensitivity fluctuations durlag the course of the
measurewments and/or eystematic errors dua to lack of a ssmple sbaorptlon correc-

tion. However, since NR*>RF2 these contributlons are obviously cloae to zero.

+ -
Bp = ﬁlFA_FFllﬁlpF ~Fg | 18 the mean ratlo of error between both datn seta and

within the FAST date set. F_ = (F,' + Fg )/2, where F', F are Frledel related

palrs of reflections.

It can be shown that for comparison purpoaes DR € 1 1if the FAST data are to be
in agreement with the diffractometer data. 2

DISCUSS10H .

It ie hoped that the current Luprovements in detector nolse levels will not be
at the overall eampense of the PSF, [LE we ansuma the beat PSF of 5 so far
obtained then thia will mean 50%50 ordere of reflectlons which could be measpured
aimultaneously; this aeeumes a8 0.2mm crystal (~2 pixels), 2 plxela resolvling
neighbouring diffraction epota end neglecting besam divergence (l.e.
512/(2+245)~57). Thia comparea with a dealgn specification of 100x100.

The lamplication of this 18 the reduction in the rate of data collected to one-
Eifth of the expected value, With phsse 1 software thias will have the
consequence of reducing the size of proteins that could be atudied snd
reatricting the Bragg sngle of data that could be measured {(e.g. Eor 2A resolu-
tion dats a unit cell of 110A, For 3A data a cell of 165A), However phase 3
software which utilizes Eully the Four circle geometry of the crystal goniostat
combined with sn increase ino the crystal to detector distance wlill largely over-

come these problews.

The detector noise level 18 low enough to produce nayn'a gomawhat better than

the best Eilm data aa judged by atrong reflectlon Raym's

The dynsmic range 1e smaller then expected =50:1 (cf. 100:1).

L]
The beat RB 1, and dynamic range csn only be obtalned with the implementatlon
of Phaae 3 soEtware which utiiize the advantsgeous festurea of the FAST syatem.
In the meantime it ia encouraglng that the present FAST system uslng film

procenssing software comparea very favourably with photographic data.



1t should be remembered that the crystallographic meaauremeats uged to derive an
Rsym will contain to a greater or lesser extent, aystematic errors not
assoclated with the detector such as sample absorptlon varistions, We have
attempted to minimize these particular effects by ualng epherical or cuble

cryatals.
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Peak + Backgrﬁund ates 20 x 20 pixels,

Palr
No. Intengity

1 45454
46922

2 43858
43324

3 44225
50346

4 44125
43554

5 51356
53708

6 22087
24824

7 35886
39213

B8 14647
16864

9 1350
5185

€12

TABLE 1: Reproduceability of ifatensity meaaurements for 1B paire of
reflectiona from a sphericel cryatsl of ammonium bhi-tartrate

Peak area 14 x 14 pixels

Palr
Bigma No. Intensity
296 10 18483
303 15584
303 11 62256
10 72040
288 12 42270
299 43472
293 13 35184
295 40113
292 14 76293
297 84899
297 15 35970
294 37463
328 16 92646
n 76313
261 17 21354
264 23332
301 18 49456
00 43431
41597 < o> = 304
Rsym = 5.1%
H=18 1=2
LI Z 2 | <1emy> - [(ll)il
=1 1i=1
H=18 {=2

:E: :{: e,

Hw}

1=1

8igma

202
192
322
322
299
300
308
31
410
Al3
367
64
370
336
227
275
291
278



Overall R rejecting 1<50
sym

Table 2: Reproduceability of intenelty measuremnents
for a cublic rhodanese crystal
lmax Raym “ref duln(A)
50 0.557 180 9.7
100 0.147 80 6.9
150 0.096 67 5.6
200 0.060 63 4.9
250 0.053 60 4.3
300 0.065 46 4.0
150 0,032 23 3.7
400 0.024 12 3.4
450 0,044 10 3.2
500 0.023 6
550 0.058
600 0,020 5
650-2575 0.020 23
maxlmum 1 = 2575
Unique no. of reflections = 3164
Unique no. of reflectlona = 577
with multipliclty > 1
% no, of reflectiona » 30 = 71.5
overall R = 74
aym
= 5.3%

R
sym

0.064
0.068
0.061
0.053
0.062
0.086
0.066
0.167
0.656

ref

18
55
92
82
86
90
83
53
18



