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Evaluating electron densities of entire classes of chemically or biologically related compounds is within reach
thanks to advances in high-speed high-resolution synchrotron diffraction: a 12 h sequence of diffraction
experiments has been conducted at the beamline X10SA of the Swiss Light Source (SLS). It resulted in four
high-resolution X-ray data sets used for experimental electron density determinations of the two halogenated
fullerenes GoF1g and GClso, the Watson and Crick base pair adenine-thymine and the tripaptda-Gly-

L-Ala. Application is considered relevant for life sciences where the study of structure-guided biological
recognition processes can now be completed by electronic information of entire series of molecules.

Thanks to technical advances in the past decade, high Some time ago, we reported on an X-ray diffraction experi-
throughput techniques were established in various fields of X-ray ment that combined high-intensity synchrotron primary radiation
diffraction-based structure research. The use of highly intenseand CCD area detectidnThis experiment was considered a
beamlines of third generation synchrotrons and the introduction first step to expedite the electron density diffraction experiment
of large area detectors in combination with highly automated which otherwise took weeks or even months.
experimental and computational procedures have made high- Here, we report on a 12 h sequence of synchrotron diffraction
speed structure information available not only from powder experiments which resulted in four high-resolution data sets for
diffraction or small molecule structure analysis but also in experimental electron density work. Although the experiments
protein crystallography, where usually extensive X-ray diffrac- detailed below were in certain parts of a preliminary stage, we
tion experiments have to be performed. One field of X-ray- believe that they also open high throughput techniques to enter
based structure research where high throughput techniques ar¢his field.
not yet available is experimental electron density woik. The experiments were carried out at the protein crystal-
contrast to protein crystallographic experiments, X-ray data have lography beamline X10SA of the Swiss Light Source (SLS) at
to be collected at high resolutionl (< 0.5 A), making more Paul Scherrer Institute (Villigen, Switzerland). Diffraction data
flexible experimental setups necessary. were collected at 92 K with a MAR225 CCD area detector at

The importance of the electron densiy) as a fundamental ~ a wavelength ofl = 0.6214 A (focus size 5& 10 um?, h x
property of an electronic system is highlighted by the Hohen- v, fwhm). Variable detector positions and an arc (4DX-ray
berg-Kohn theorent. It states that the ground-state energy of Systems AB) mounted on the goniometer head allowed us to
a nondegenerate quantum chemical system is functionally relatedovercome the limitations from the single-axis geometry and to
to its distribution of charge. Hence, major electronic properties, improve the completeness of data in the high-resolution region.
such as quantitative information about atomic and bond proper- The diffracted intensities cover a range of several orders of
ties2 nonbonding interactions, stability, and reactivity can be magnitude, which cannot be resolved by CCD detectors.
deduced from the electron density. Therefore, the primary beam had to be attenuated down to less

In medicinal chemistry, where it is a fundamental challenge than 1% for certain detector positions.
to understand drugtarget recognition processes, the knowledge  As the summary of data collections shows (Table 1), it was
of the electronic charge density is a valuable completion of possible to measure a total 6440 000 reflections in a 12 h
structure information and serves as a basis for a betterperiod for four crystals of different compounds at a resolution
understanding of such interactions than the consideration of of generallyd = 0.5 A (sin6/A = 1.0 A1),
steric properties only. Since rapid screening of a large number In all cases, significant intensities could be obtained even
of chemical compounds is indispensable in structure-guided drugin the very high angle regions of reciprocal space. One par-
discovery, the generation of electronic information of series of ticular example is the data collection of thegEs crystal,
molecules at an increased pace would be highly desirable.  which was the smallest of the crystals used with tiny dimen-

. . . . sions in two directions. Nevertheless, the outer regions were

:gr"eﬁfeeipnﬁcg:gga‘aé‘én?g- E-mail: luger@chemie-terlin.de. densely populated with significant intensities as the mean

* Swiss Light Source (SLS) at the Paul-Scherrer Institute. I/o(l) ratio of 41.0 in the highest-resolution shell shows (see

8 Moscow State University. Table 1).
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TABLE 1: Summary of Data Collections at Beamline X10SA of the SLS
compound CooFi1s(i) CeoClso (ii) MAMT (iii) AGA (iv)
space group Cc P2:/n P2:/m 1
cell volume [A9] 3593.8 2863.3 668.4 577.1
crystal size [mri 1.0 x 0.1 x 0.06 0.3x 0.2x 0.1 0.3x 0.3x 0.14 0.5x 0.2x 0.18
total no. of reflections 216 676 139 741 46 824 33733
unique 28 053 22 950 5682 4662
Rint® 0.041 (0.044) 0.040 (0.067) 0.044 (0.055) 0.038 (0.055)
meanl/o(1)° 56.2 (41.0) 32.5(17.8) 32.5(22.5) 26.0 (18.4)
completeness [98] 93.0 (87.1) 95.7 (91.0) 98.4 (98.9) 82.3 (71.0)
redundancy 7.7 6.1 8.2 7.2
R: (spherical) 0.046 0.043 0.031 0.040
R: (multipol) 0.034 0.024 0.022 0.026

aThe compounds investigated were (i) fluorinategh-fDllerene GgFis,'® (i) chlorinated Go-fullerene GoClso,* (iii) MAMT: the base pair
9-methyladengle-l-methylthymiﬁé(iv) AGA: the tripeptideL-alanyl-glycyli-alanine!® ® The values in parentheses are for the highest resolution
shell 0.5-0.6 A.

of a spherical promolecular density from the total experimental
electron density. Charge accumulation is seen on all covalent
bonds. In the hydrogen bond regions (see dotted lines in Figure
2a), which are of certain interest in this complex, oxygen and
nitrogen lone-pair electron densities show some charge rear-
rangement due to the-N\H---N and N-H---O interactions.

In addition to the four data sets listed in Table 1, a quick test
data set was measured for an adenosine crystal which took less
than 1 h. More than 22 000 reflections were collected, which
were nicely suited for a further aspherical atom refinement.
Figure 2b shows the static map in the purine plane of the
mapped on the electron density isosurface at 0.8 e/, The color adenosine molecule where the covalent bonding.features are
code (see color bar) illustrates negative EP distributions (dark red) in again prc_)perly resolved, although the data set of this compou[’\d
the region of the fluorine substituents; the positive regions (dark blue) Was subject of one of the shortest measurements ever carried
cover the opposite non-halogenateg urface. lllustration generated ~ out in experimental charge density work.

"\f[ith tthe ir;-g(?:sel-writte? ontgr';:“ M(h)'-',sgl- Rhight ?"t?]'e‘;;u'arc The data sets summarized in Table 1 show some limitations,

structure o . In contrast to the spherical shape of the fr : : :

fullerene, the Go'éis molecule is heavily geformed tOV\F/)ard ahalf-s?here Whlch are all related to the t_yplcal experimental setup for a

due to the fluorine substitutiot. protein crystallography beamline. These are mostly of mechan-
ical and hence geometric nature and could be overcome with

Although not all data sets are finally processed and refined, little effort. The most important parameter to be improved is
some pre"minary electron density results can be presented.the resolution. Because of the brilliant primary intenSity, all
These were obtained by application of the Hansen and Coppensamples diffracted better thah= 0.5 A, the limit given by the
aspherical-atom modehs implemented in the computer pro- diffractometer geometry. ThEo(l) ratio of typically >15 in
gram package X[5.Figure 1 shows the electrostatic potential the highest-resolution shell indicates that even for otherwise
of CsoF1g calculated from the experimental data using the method weakly diffracting crystals the resolution limit can be extended
of Su and CoppensAn extended electronegative region is seen to 0.3-0.4 A, which can hardly be reached with a sealed tube
around the fluorine substituents, while the opposite non- or a rotating anode. This is highly desirable for experimental
fluorinated carbon surface is positive. charge density work and could be easily achieved by minor

Figure 2a shows a static deformation density distribution in mechanical changes at the diffractometer setup or by making
the plane of the Watson and Crick base pair complex 9-meth- use of a shorter wavelength. The overall data set quality and
yladenine-1-methylthymine which was obtained by subtraction completeness, which should be increased, are also related to
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Figure 1. Left: Experimental electrostatic potential (EP) ofdEis

(b)

Figure 2. Relief plots of the experimental static deformation densities of the Watson and Crick base pair 9-methyladenine-1-methylthymine (a)
and of the purine plane of adenosine (b).
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minor mechanical amendments and are not principal problems.Lu 222/24-3, Lu 222/27-1, and the NCCR for Structural

Finally, the data collection temperature can be reducedlid Biology. We thank E. Pohl, C. Pradervand, E. Zimoch, and R.

K. First tests with a He open-flow low-temperature device at Schneider for their help to set up the detector rotation. Mrs. D.

the beamline have been proven successful. Forster kindly provided the Supporting Information material.
To get an estimate about the quality of the short duration

experiments at the SLS and the influences of the present Supporting Information Available: Topological properties

limitations mentioned above, we compare the results of the AGA and an accompanying figure. This material is available free of

data set with a second highly resolved state-of-the-art data setcharge via the Internet at http://pubs.acs.org.
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