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LII-Edge Anomalous X-ray Scattering by Cesium Measured 
with Synchrotron Radiation 

Abstract. Diffraction of monochromatized synchrotron radiation by crystals of ce- 
sium hydrogen tartrate has been used to measure the magnitude and phase of x-ray 
scattering for cesium near the L,,, absorption edge. In this wavelength region the 
scattering amplitude of cesium is reduced by as much as 25 electrons per atom, 
compared to scattering of copper Ka x-rays. This change, which varies as a function 
of wavelength, affects the diffraction intensities in a manner similar to isomorphous 
substitution, and it is large enough to have promise for phase determination in the 
study of macromolecular structures. This experiment also demonstrates that accu- 
rate diffractometer measurements are possible with synchrotron radiation produced 
by an electron storage ring. 
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We report here x-ray diffraction exper- 
iments carried out with an automatic 
diffractometer and a focused mono- 
chromatic x-ray beam of synchrotron ra- 
diation from the SPEAR storage ring at 
the Stanford Synchrotron Radiation 
Laboratory (1). Diffraction measure- 
ments with crystals of cesium hydrogen 
(+)-tartrate have shown that this equip- 
ment can give reproducible results at 
wavelengths chosen from the continuous 
spectrum of the synchrotron radiation. 
We have derived from these data the 
anomalous scattering terms for cesium 
near the LI,, absorption edge and find that 
the scattering power of cesium is re- 
duced by as much as 25 electrons. To our 
knowledge this is the largest such effect 
yet observed in an x-ray diffraction ex- 
periment. This reduction in scattering 
power, which is approximately equiva- 
lent to removing a rubidium atom from 
the structure, could be used as a sub- 
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stitute for or a complement to iso- 
morphous replacement in solving the 
phase problem for macromolecular 
structures. This technique has the ad- 
vantage that the crystal structure is ex- 
actly the same as that studied at another 
wavelength, thus avoiding the imperfect 
isomorphism that generally occurs when 
atoms are added to or replaced in the 
crystal. 

An atom scatters x-rays with an ampli- 
tude and phase that can be represented 
by the complex number f = fo + f' + 
if", where fo is the value appropriate for 
very short wavelengths (2). The anoma- 
lous scattering termsf' andf", which are 
functions of the wavelength, describe the 
in-phase and out-of-phase components 
of the change due to finite binding 
energies of the electrons in the atom. 
While fo decreases as the scattering angle 
increases, f' andf" are nearly indepen- 
dent of angle. 
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Fig. 1. View of the experimental apparatus. The tank housing the two-crystal monochromator is 
seen on the right. The monochromatized x-ray beam enters the hutch (which has one side 
removed to show the inside) and passes into the entrance collimator of the diffractometer. The 
diffractometer is supported by the computer-controlled carriage, seen in the lower part of the 
hutch. The 20 arm holding the detector can be seen below the median plane, and the film carou- 
sel (which is removed when the detector is being used) is to the left. 
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The f" term results in the breaking of 
Friedel's law. With an appreciable f" 
contribution the hkl and hkl reflections 
for noncentrosymmetric structures are 
no longer equal. This effect has long 
been used to determine absolute polarity 
(3), absolute configuration (4), and to 
provide protein phase information (5). 
There has been little use of f', as one 
needs to collect data at different wave- 
lengths for it to have a useful effect on 
the diffraction pattern. 

Near an absorption edge of an atom, 
where the x-ray energy is close to the 
binding energy of an inner shell electron, 
both f' and f" vary rapidly with wave- 
length; f" jumps rapidly up to a maxi- 
mum whilef' dips and then rises again as 
the x-ray energy goes from below to 
above the edge. Absorption edges are 
thus useful for phasing, asf" can be max- 
imized for maximum Friedel pair dif- 
ferences and a large change in f' can be 
obtained with a small change in incident 
beam energy. The recent availability of 
synchrotron radiation as a tunable 
source of x-rays made it possible to use 

these effects to obtain phase ii 
from diffraction patterns fro 
molecules (6). 

We measuref' andf" by adj 
culated structure factors to fi 
values, using the method 
squares, with these two quant 
scale factor as the only indepe1 
ables. Cesium hydrogen (4 
which crystallizes in spa 
P2,2122, was chosen for its 
physical properties and favor 
metry. Its lattice parametel 
coordinates, and thermal para 
known very accurately from 
ment with Mo Ka radiation ar 
tional methods (7). The value, 
f" for the light atoms can be 
with sufficient accuracy fre 
lations at other wavelengths (8 
small and insensitive to wav 
the region of interest here. 

The synchrotron radiation u 
study is focused by a doubly c 
ror and monochromatized by 
tunable two-crystal german 
monochromator (9). An En 

Table 1. Anomalous scattering terms for cesium. 

(A) Crystal R* f 

2.470 Needle 0.086 -16.1 + 2.6 
2.473t Needle 0.067 -24.5 + 1.2 

Sphere 0.083 -27.1 + 0.9 
2.477 Needle 0.060 -19.9 + 0.9 

Spheret 0.049 -21.4 + 0.6 
Spheret 0.034 -20.8 + 0.5 

*The discrepancy factor R = S|AFI/IFo0, where the F's are structure factors. tInflectior 
edge, measured with CsCI. fTwo different experiments, with different storage ring condi 
ferent mechanical adjustment of the monochromator. 

10o - 

f" 

o 

0 10 20 

fo+ fI 

30 

Fig. 2. Atomic scattering vectors for cesium for (sin0)/X = 0.3 A-1, where f0 = 38. T 
each vector represents the amplitude of the wave scattered by the atom, and the an 
horizontal represents the phase shift relative to scattering by a free electron. The c 
sent our experimental points. The other vectors are calculated (8) for some wavele 
able from conventional x-ray tubes. 
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nformation CAD4 diffractometer is mounted behind 
)m macro- the monochromator on a motorized car- 

riage, which is used to align the dif- 
justing cal- fractometer to the x-ray beam (see Fig. 
t observed 1). A PDP 11/34 computer controls the 

of least diffractometer, the monochromator, and 
ities and a the alignment carriage. To align the dif- 
ndent vari- fractometer we developed a program to 
0)-tartrate, move the carriage until the beam passing 
ce group through the collimator into the detector 

desirable (at 20 = 0; 0 is the Bragg angle) is maxi- 
rable sym- mized in intensity. The diffractometer is 
rs, atomic mounted with the 20 arm swinging in the 
meters are vertical plane because the polarization 
an experi- vector of the synchrotron radiation is al- 
id conven- most completely horizontal. 
soff' and The x-ray beam intensity is propor- 
estimated tional to the electron beam current and 

om calcu- drops as the stored beam slowly decays. 
?); they are We monitored this intensity variation by 
felength in using an ion chamber placed in the beam 

and normalized the diffraction intensities 
ised in this accordingly. To calibrate the wavelength 
:urved mir- of the monochromator we measured the 
/ a rapidly absorption of a sample of cesium chlo- 
ium (111) ride as a function of the monochromator 
raf-Nonius setting. A large jump in the intensity ra- 

tio of the incident to the transmitted 
beam identifies the exact position of the 
absorption edge of cesium. 

We collected diffraction data from two 

f" crystals of cesium hydrogen tartrate-a 
needle with 15 sharply defined faces and 

11.1 ? 2.2 dimensions of about 0.093 by 0.110 by 
5.9 + 0.7 0.40 mm, and a nearly spherical crystal 
4.9 ? 0.6 with a mean diameter of 0.28 mm. With 3.5 + 0.5 
3.8 + 0 3 the needle we measured 16 or 17 inde- 
4.1 + 0.3 pendent reflections in the 0 range 18? to 

40? for each of three wavelengths. With 

tions and dif- the sphere, 15 to 17 independent reflec- 
tions in the 0 range 40? to 48? were mea- 
sured in each experiment. In each case, 
most of the measurements were dupli- 
cated by repetition and with equivalent 
reflections. With absorption parameters 
in the range 300 to 720 cm-', correction 
for absorption is critical, with factors 
ranging up to 49 for the needle. With the 
sphere the absorption effect is more 
nearly the same for all reflections, and 
the values of the corrections are less im- 
portant. 

The results of the least-squares calcu- 
lations are listed in Table 1. The agree- 

o Ka ment between data from the two crystals 
gives us confidence that absorption is not 
a serious source of bias in the results. 

lJ __ ~ The values off" at the longest wave- 
40 length are similar to the value 3.565 cal- 

culated by Cromer and Liberman (8) for 
La at Cr Ka, a reasonably similar case. 

'he length of The other f" values are also plausible. le from the We know of no previously measured or 
?ircles repre- 
engths avail- calculated f' values as negative as those 

listed here. At the K edge of copper, 
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where fewer electrons are involved, val- 
ues lower than -8 have been reported 
(10). For gallium at the K edge -10 has 
been observed (11). In the latter case the 
maximum negative value of f' occurs 
close to the inflection point of the rising 
wave of f". Our extreme value off' oc- 
curred at the inflection point of the rising 
absorption curve of cesium. 

Our results are compared in Fig. 2 
with values for some wavelengths avail- 
able from conventional x-ray sources, to 
show how much the scattered wave am- 
plitude is reduced at this L absorption 
edge. 

The resolution of the monochromator 
(9) is approximately AX/X = 10-3, where 
X is the x-ray wavelength. Thus we are 
measuring f' averaged over this wave- 
length range. It is possible that with a 
more monochromatic beam an even 
larger negative value of f' could be ob- 
served. This method is general, and simi- 
lar experiments can be carried out with 
other elements at either the K or the L 
edge. 
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Enzyme-Linked Immunosorbent Assay for Identification 
of Rotaviruses from Different Animal Species 

Abstract. Rotaviruses cause gastroenteritis in man and a wide variety of animal 
species. They cross-react in many immunologic tests and have a similar appearance 
by electron microscopy, making differentiation among them difficult. Rotaviruses 
derived from different host species were distinguished by postinfection serum block- 
ing virus activity in an enzyme-linked immunosorbent assay (ELISA). Thirty-three 
rotavirus isolates from children living in three different parts of the world could not 
be differentiated by this technique, but they were distinct from four strains recovered 
from calves, and a series of strains isolated from piglets, foals, monkeys, and infant 
mice. The four bovine strains were similar, but they could be differentiated from the 
other animal strains, each of which exhibited a distinct pattern when tested by the 
ELISA blocking technique. 
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Rotavirus is an important cause of gas- 
troenteritis in infants and young children 
(1, 2). Rotavirus infections have been 
documented in newborn calves, piglets, 
lambs, nonhuman primates, and other 
animals (3). Different members of the 
rotavirus group are similar in appearance 
by standard electron microscopic tech- 
niques, and they cross-react in a variety 
of immunological tests (4, 5). 

Several species of newborn animals 
are susceptible to infection with human 
rotavirus; however, the role of animal 
rotaviruses in human disease and the ex- 
change of rotaviruses among species is 
not known (6, 7). Elucidation of this area 
has been hampered by the lack of a 
simple method for distinguishing the dif- 
ferent rotaviruses. This report describes 
the use of an enzyme-linked immuno- 
sorbent assay (ELISA) to distinguish 
members of the rotavirus group. 

Human rotavirus was obtained from 
children with symptomatic diarrheal ill- 
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children with symptomatic diarrheal ill- 

ness living in Washington, D.C. (strains 
USA 1 to 17), Santa Maria Cauque, Gua- 
temala (Guat 1 to 10), and Dacca, Bang- 
ladesh (Bang 1 to 6). The specimens 
were tested either as a 2 percent stool 
suspension or a 2 percent stool filtrate. 
The animal viruses were obtained as de- 
scribed in Table 1. 

Serums that contained antibodies to 
human rotavirus were obtained from 
children convalescing from rotavirus in- 
fection. Six serums were available from 
children living in the United States (in- 
fected with strains USA 1 to 6) and 
three were from children living in Bang- 
ladesh (infected with strains Bang 1 to 3). 
Antiserums to human rotavirus were al- 
so obtained from gnotobiotic calves and 
piglets (experimental infection serums) 
following infection of these animals with 
strains of human rotavirus (6, 7). Anti- 
serums to the UK and NCDV bovine vi- 
ruses and to horse rotavirus were ob- 
tained from animals infected with the 
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Table 1. Viruses for ELISA blocking study. 

Year 
Virus Host Country (original Source Passage 

isolate) 

USA 1 to 17 Human United States 1974-1977 Human d.s.* Original 
Bang 1 to 6 Human Bangladesh 1976 Human d.s. Original 
Guat 1 to 10 Human Guatemala 1964-1967 Human d.s. Original 
NCDV 1 Calf United States 1967 Bovine d.s. Three times in 

gnotobiotic 
calves 

NCDV 2 to 3 Calf United States 1972 Bovine d.s. Original 
UK-1 Calf United Kingdom 1973 Bovine d.s. Original 
P-1 Pig United States 1974 Piglet d.s. Five to six 

times in piglets 
H-l Horse United Kingdom 1975 Foal d.s. Original 
EDIM Mouse United States 1957 Pooled mouse Multiple 

d.s. times in mice 
SA-11 Nonhuman South Africa 1958 Simian rectal Multiple times in 

primate swab African Green 
monkey kidney 
cells (AGMK) 

"O" Unknown South Africa 1965 Intestinal wash Multiple times 
cattle and in AGMK 
sheep (offal) 

*Abbreviation: d.s., diarrhea stool. 
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