Ultra-high resolution protein crystallography
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Many years ago the idea of mllecting
voluminous quantities of weak reflec-
tioms to form a high resolubion data set,
within the constraints of radiation dam-
age, was a particular challenge [1]. At
CHESS the bringing together of a 24 pole
wiggler with prodigions x-my flux out-
put at short x-ray wavelengths, along
with very sersitive CCD) detectors and
freezing of crystals have provided a
means to certainly match those best
hopes. So much so that the data that can
be realized are arguably best descnbed
as ultra-high resolution, at least, as evi-
denced in our studies on the plant pro-
tein concanavalin A of 25 kDa molecular
weight. The intrinsic property of this
pmtein is to bind sugar molecules. Itis
implicated in cell to cell recognition pro-
cesses and 1= widely used as a laboratory
diagnostic tool induding bokygical stan-
ing.

The study of concanavalin A at
Cornell is particulady appropriate as it
was here that Prof. | B. Sumner oniginally
isolated and crystallized this protein in
1919, Ome awe mspinng feature of | B.
Sumner was that as a young man he lost
hus arm in a shooting acadent. Un-
daunted he pursned his sdentific labora-
tory work. He won the Nobel Prize for

Chemistry in 1946, with
J.H. Northrop, for dem-
omstrating that en-
zymes were indeed
protens; Sumner had
isolated and crystal-
lhized jack bean urease
and Morthrop chymot-
Typsin.

COur structural stud-
1es have been in overall
collaboration with Dr.
Joseph Yanv at the
Weizmann [nstitute.
The objectives of our
program of work have been to determine
the structures of sugar bound forms of
comcanavalin A and to refine these and
the sacchande free protem to as high a
resplution as possible. In previous work,
our refined structures were completed at
2 A and 1.6 A respectively [2, 3] using
room temperature film and image plate
synchrotron techniques respectively on
SRS 72 [4] and DORIS X11. The basic
stmucture of the sugar free form of con-
canavaln A was solved some 20 years
ago by two groups [5,6]. The structural
changes assoaated wath sugar bindmg,
namely reorientation of amine add =side
chains and the displacement of bound

@ water molecules [2] can provide a
model system for theoretical chem-
istry studies of molecular recogni-
Homn.

With the further development of
synchrotron faclities it s pos=ible
to comsider the measurement of
ideal or near-ideal diffmction data
[7] from which as predss astruc-
ture as possible can be obtained.
The definition of an ideal diffrac-
tion data setis one that is as free as
possible of systematic and random
errons as well as being complete to
as high a resolution as possible.
The use of a wavelength of 0.5 A
8 (orshorter) could eliminate absorp-
#  Hon errors at better than the 15
(Figure 2) A pordon of 5 (2F -F ) electron
densily map of s prosne sids chain. Reso-
fuion 194

{Figure 1) (Bomom) Diftscion pattermn eooroed
from concansvalin A [CHESS AL COD. frozen
crystsl] extendng o 090 A resolsbon. Predicton
to 1.6A resolution {ciles) supsrimposed. fop)
Zoom in o e oUTEMMOS! PSS of ME pamerm snd
noease oflf_wfgrsysc-&&. Prediction 1o 1.0A
resolution [oircies) supsnimposen

level {i.e. less than the random errors
that can so far be realized). A finely fo-
cussed 05 A beam is an objective for the
future.

At CHESS we wer able to msea 09 A
wavelength beam of very high intensity
on the Al station. The 5050 mm® Princ-
etom 1K CCD detector [8] was used.
Concanavalin A crystals freeze readily.
The mosaicty of the arystals was kept as
small as 025" by using small crystals (1.1
x0.2x 05 mm'], since bigger arystals (0.2
w04% 10 mm) showed mosaiaty in-
creases to (L7 Also, by keeping the
CCD detector close to the arystal and us-
ing a lmm collimator spot sizes were
kept small thus matching the small prxel
size of the CCD) (50um). A short sample
to OCD detector distance (40mm) wasa
necessity anyway since it was observed
that the diffraction extended to beyond
09 A (Fig. 1), the geometric limit with
the direct beam position off the bottom
of the detector. The first and second sal-
vent nngs are discermble and then an
ocean’ of diffraction spots spreading to-
wards the outermost part of the diffrac-
tion pattern. The dynamic range of the
intensthies 1 too large to display in figure
1a, =0 figure 1b shows a zoom into the
outermost corner of the diffraction pat-
tem {0.9 A at the corner). The expaosure



times per image were 20 seconds per (157
rotation. CHESS imection currents were
S0 mA - 150 mA and are set toinodease
further. The readout time of the detector
was X seconds per image, some 4 times
quicker than the current image plate sys-
tems and quicker than any plarmed 1m-
age plate device. The CCD readout can
in any case be further reduced to <5 sec-
onds. A voluminous quantity of data
weme wllected then with little penalty on
deadtime due to poor duty oycle.
Largely due to a hmited mumber of
scheduled slots and lack of a cld storage
device, a total of 5 frozen concanavalin A
crystals were used. Several slow pass
nms, a described above, were used.
Also ome quick pass run was done in-
volving 5 seconds exposure peTimaie to
record the diffraction pattern to 20 A,
which consisted previously of over-
loaded spots. These arystals had similar
unit cell dimensions to within 0.1 A
There is scope here then to improve the
dynamic range of the detector. A total of
500 diffraction images have so far been
pmcessed using DENZ0 and merged
with SCALEPACK {programs of Z.
Obwinowski and W. Minor) to yield
#9000 unique reflections with merging K
factor on T of 6,65 and 636% complete to
098 A resolution. Owing to the geom-
etry of the setup and the processing done
=0 far, the data set has a very low com-

Mn+Ca (Z-atom’ phases] and the whaole
maodel (1839 atom’” phases, excluding
water) 1s 83 Random agreement would
be 907, Anelectron dersity map calow-
lated to 1.1A with calaulated {perfect)
phases and then with coefficients (2F -
thll)]e'm'mis shown in figume 3. Tt
ckarly shows the outline of the protein
subumt in the unt cell. The commechivity
is poor. Computationally the map can be
subject to a vanety of mage modification
techniques now available, and will be
tried to see how dose the quality of the
perfect’ map can be approached.
Experimentally more can be done, as
referred to above, to go to shorter wave
lengths than 094 and so realize ideal
data as defined above. Most importantly
at this stage though 1= to gather the data
beyond the aperture of the CCD detector.
A bigger aperture is readily achieved
with an image plate. At CHESS a Fuji
image plate scanner 1= available along
with a set of 250mm x 200mm Fuji image
plates. It was possible to place asingle
image plate cassette snme 52mm from
the crystal. This distance 15 quite simalar
tor that used for the CCD, although
shightly momw favorable m fall off of x-ray
background by (52/40F. Diffraction
spots wete visible at 0194 resolution.
However, the data processing msults be-
yomd 1A were disappointing. Even at 1A
the merging R on [ was 447 (versus 13%

for the CCD to 0.984). The poar perfor-
mance of the image plate with weak
spots has, of course, been documented
[10]. Ome might say then that the image
plate had the aperture but not the sensi-
tivity and the CCD had the sensitivity
but not the aperture! At CHESS thew 1=
a program {funded by the Keck Founda-
tiom ) to provide bigger CCD devices and
tiled array devices in the future. This &
certainly worthwhile.

These diffraction esolution imits
{ﬂ.gﬂ.s« and beyond) open the prospect of
mot only better refined models (e.g. as
dome with rubredoedn, a & kDa molecular
weight protein [11]) and new structure
solving strategies as mentoned above,
but also even valence electron density
distribuhion analysis around the metal at-
oms. This had been pointed out many
years ago for zine imsulin [12] but could
be more general. Concanavalin A at
253Da molecular waght sets a wide
range of possibilities as there are obvi-
ously many proteins with maolecular
weights up to this level. Such a molecu-
lar weight cetling applies too in NME
spectroscopy. This caling encompasses
many protemns. In synchrotron x-ray
arystallography there are still further de-
velopments in store, induding bgger (or
tiled) CCDY detectors as well as higher
currents and stronger beams shll at
CHESS.

pleteness between 098 Aand
107 A, Ttis 83% complete up to
107 A . An example of a 2F -F_
electmn density map is shown
(Fig. 2}, with a tyrosine residue
and several water molecules
heautifully defined.

An intriguing prospect with
data of this quality and at this
resplution & to contemplate
nowvel direct stucture solution
strateggies based on metal atoms
in a protem structure. The idea
here bemng that, since the metal
atoms can readily be located
from wavelength optimized
anomalous scattering, perhaps
the partial model of the atoms [9]
can yield starting phases. Con-
canavalin A containsa Mn and a
Caatom. They are some of the
st ordered atoms in the struc-
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