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HIGH-ENERGY X-RAY DIFFRACTION

Veijo Honkimäki

ESRF, Grenoble, France

The use of high-en ergy ra di a tion has in creased dur ing the
last years with the first high-en ergy sources on third gen er -
a tion synchrotrons. The high flux and well-collimated
beam to gether with the high pen e tra tion depth en able the
study of thick sam ples but nev er the less small gauge vol -
umes. Fur ther more, the high-en ergy dif frac tion is on for -
ward di rec tion and there fore, the use of flat 2D-de tec tors is

pos si ble. This has opened new pos si bil i ties for many ap pli -
ca tions in clud ing the stud ies of liq uids and amor phous ma -
te ri als, pow der dif frac tion, sin gle crys tal stud ies, dif fuse
scat ter ing and stud ies of bur ied in ter faces. Some ex am ples
of the use of these prop er ties for study ing bulky and heavy
sam ples are given, like, the stress-strain anal y sis and stud -
ies of bur ied in ter faces.
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NEUTRON LAUE DIFFRACTION - APPLICATIONS IN MAGNETISM
AND HARD CONDENSED MATTER
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2Fac ulty of Math e mat ics and Phys ics, Charles Uni ver sity, Prague, Czech Re pub lic
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Neu tron Laue dif frac tion is a com ple men tary tech nique to
pow der and sin gle-crys tal neu tron diffractometry with pos -
si ble wide use in mag ne tism and other ar eas of hard con -
densed mat ter phys ics. The ILL neu tron Laue dif frac tion
in stru ment VIVALDI (Very-In tense, Ver ti cal-Axis Laue
Diffractometer) with its ver ti cal ge om e try al lows for

low-tem per a ture sam ple en vi ron ment nec es sary in most of
mag netic struc ture stud ies.  The power of this tech nique
and the in stru ment in de ter min ing mag netic struc tures will
be shown on the ex am ple of sev eral rare-earth intermetallic 
com pounds, in par tic u lar NdPtSn, PrCo2Ge2 and HoCoIn5.
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Ferrolectrics, and par tic u larly relaxor ferro elec trics, have
been in ten sively stud ied for their un usual di elec tric,
electrostrictive and pi ezo elec tric prop er ties [1, 2]. The ma -
jor ity of ferro elec trics has a cu bic perovskite struc ture in
the par ent high-tem per a ture phase. Howevever, they ex -
hibit a large va ri ety of phe nom ena.

The op ti cal meth ods (in fra red, Raman spec tros copy...)
are able to pro vide in for ma tion about the dy nam ics only
from the Brillouin zone cen tre. There fore, in or der to in ves -

ti gate lat tice dy nam ics of sin gle crys tals, one has to em ploy 
in elas tic neu tron or X-ray scat ter ing.

In this con tri bu tion, we shall de scribe typ i cal phe nom -
ena that can be stud ied on (non mag netic) monocrystalline
ma te ri als by in elas tic neu tron scat ter ing. Ad van tages and
dif fi cul ties will be dem on strated on:

• de ter mi na tion of dis per sion curves [3, 4], in con nec -
tion with con stant-En ergy vs. con stant -Q scans, and
the new FlatCone pos si bil ity5 
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• dy nam ics of phase tran si tions – dif fuse scat ter ing
[6], tem per a ture be hav iour of soft modes [7].

These prop er ties will be fol lowed by ex am ples from
our re cent mea sure ments.
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 NEU TRON DIF FRAC TION, INS AND DFT STUDY OF HY DRO GEN-BOND ING IN TRIS
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The pro posed pro ject is a part of the study fo cus ing on
de tailed de scrip tion of H-bonds in the se lected com pounds
by mak ing a joint use of dif frac tion, spec tros copy and
quan tum chem is try meth ods. The com pound tris(hydroxy -
methyl)- aminomethane,  H2NC(CH2OH)3, com monly
known as TRIS (see the Fig ure be low) can be con sid ered as 
a good model sys tem for study ing the elec tronic struc ture
of hy dro gen bonded-sol ids. The struc ture of TRIS can be
con sid ered as a layer struc ture with both intra- and
interlayer hy dro gen bonds. The in di vid ual lay ers are, ex -
cept for long range elec tro static forces (di pole mo ment of
the mol e cule is 2.15D), also con nected by weak interlayer
hy dro gen bonds link ing N-H…O. Such a struc ture pro -
vides a chal lenge for the o ret i cal ap proaches to hy dro gen
bonded sys tems since hy dro gen bond ing can to great ex tent 
in flu ence the ge om e try of a hy dro gen bonded mol e cule and 
its dy nam ics.

Ac cu rate struc ture of TRIS was ob tained from low tem -
per a ture sin gle crys tal neu tron dif frac tion. In the mol e cule
of TRIS there are three -OH groups and one - NH2 group
that could act both as do nors and ac cep tors of hy dro gen
bonds. The INS spec trum of TRIS was mea sured at 7 K on
the HRMECS spec trom e ter with sev eral in ci dent neu tron
en er gies and was in ter preted on the ba sis of a har monic po -
ten tial us ing a va ri ety of mod els. The mod els were a sin gle
mol e cule, a mol e cule in a static field of frag ments, and sin -
gle unit cell with pe ri odic bound ary con di tions as im ple -
mented in VASP pro gram. INS spec trum of TRIS is
ba si cally a spec trum of hy dro gen mo tions. For ma tion of to -

tal of six inter-mo lec u lar hy dro gen bonds caused sig nif i -
cant down shift of OH stretch ing fre quen cies and upshift of
their bend ing fre quen cies. The same trend was ob served
for NH2 fre quen cies but the changes were smaller. This
find ing goes in agree ment with re fined struc ture, which
showed that NH2 par tic i pates in the lon gest hy dro gen
bond. Hy dro gen bond ing has al most no in flu ence on CH
fre quen cies. When com par ing cal cu lated INS spec tra for
all mod els with ex per i men tal spec trum the best agree ment
was reached when con sid er ing not only clos est hy dro gen
bonded neigh bors but also the pe ri odic char ac ter of the
crys tal struc ture.
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STRUCTURE STUDIES OF MACROMOLECULAR SYSTEMS
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The lec ture sum ma rizes briefly re sults of our lab o ra tory
achieved dur ing the last six years. Most of the struc ture
stud ies are based on our mea sure ments at the X-ray dif frac -
tion beam-lines ID14, ID29 in ESRF. Spe cial at ten tion is
de voted to fu ture per spec tives and to lim its of dif frac tion
tech niques in solv ing prob lems in their com plex ity to de -
liver re sults use ful in med i cine or tech ni cal prac tice.

Poly mer sys tems – ex per i men tal struc ture de ter mi na -
tion and ap pli ca tions
Main ob sta cle of struc ture de ter mi na tion of syn thetic poly -
mers is high struc tural vari abil ity and dis or der re sult ing
from the fact that these sys tems are never in equi lib rium
state as a rule. Of course, the ex act struc ture de ter mi na tion
is mean ing ful in the cases when some con for ma tions of the
poly mer chain are mark edly pre ferred. It is in the case of
crys tal line or semi-crys tal line ar eas in poly mer ma te rial
and also in all in stances where the poly mer chain spe cif i -
cally in ter acts with bi o log i cal ma te rial.

• Poly mer struc ture da ta base main tained by our group [1]

• Dif fu sion and sorp tion of  poly mer mol e cules in  pro tein
crys tals

• Ex per i men tal de ter mi na tion of in ter ac tions be tween
syn thetic poly mers and pro teins [2]

• Use of poly mers in pro tein crys tal li za tion

Drug de sign (case study of HIV pro te ase)
• In hi bi tion of en zy matic pro cesses – op ti mi za tion of in -

hib i tors for AIDS treat ment (in hib i tors of  HIV pro te ase
mu tants) [3, 4, 5]

• Bind ing of in hib i tor – enthalpy and en tropy of in hib ited
en zyme sys tem [6]

• De liv ery of drugs and con trolled re lease (ac ti va tion) of
drugs in the tar get tis sue

• Re moval of prod ucts 

Mod u la tion of cat a lytic sys tems
• Mod u la tion of ac tiv ity of as par tic pro teas es 
• HIV pro te ase mu tants [5]
• Self-in hi bi tion of HIV pro te ase by its own prod uct of en -

zy matic cleav age [7]
• Co or di nated mo tions in macromolecular sys tems – mo -

tion of HIV pro te ase flaps nec es sary for in hib i tor (sub -
strate) en trance

• Mod u la tion of tem per a ture op ti mum for en zy matic ac -

tiv ity (b-galactosidase) [9]

• Dif fu sion of small mol e cules in pro teins 
• 3D de sign of  cat a lytic sys tems

Intercellular sig nal ing in im mu nol ogy – com plex sys -
tems based on mo lec u lar rec og ni tion
• Immonuglobulin-like re cep tors [8]
• Cel lu lar re cep tors
• Mem brane raft ing of re cep tors into clus ters of  co op er at -

ing macromolecules

The pro ject was sup ported by GA AV  A4050811/1998
and MŠMT 1K05008 .
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PROTEIN-CARBOHYDRATE INTERACTION: STRUCTURAL AND THERMODYNAMIC
CHARACTERISATION OF HIGH AFFNITY BINDING  BETWEEN LECTINS FROM

PATHOGENS AND HOST CARBOHYDRATES
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Car bo hy drate-me di ated rec og ni tion plays an im por tant
role in the abil ity of patho genic bac te ria to ad here to the
sur face of the host cell in the first step of their in va sion and
infectivity. Lectin-car bo hy drate in ter ac tions are usu ally
char ac ter ised by a low af fin ity for monovalent lig ands that
is bal anced by multivalency re sult ing in high avid ity for
com plex glycans or cell sur faces. Usu ally, a millimolar af -
fin ity is ob served for plant lectin bind ing to mono -
sacharides. In con trast, bac te rial lectins in volved in
pathogenesis dis play much higher af fin ity than that ob -
served for plant or an i mal lectins [1].

Con tri bu tion is fo cused on bac te rial lectins from Pseu -
do mo nas aeruginosa and their homo logues from other

patho gens dis play ing sub-micromolar range af fin ity to -
wards their car bo hy drate lig ands. The com bi na tion of
X-ray crys tal log ra phy and iso ther mal ti tra tion micro -
calorimetry ap proaches is used to de ci pher the struc tural
and thermodynamical ba sis for high af fin ity bind ing of
these lectins to host car bo hy drates. Dis cov ery of a three
amino acid mo tif of the „ligand bind ing loop” that is re -
spon si ble for lectin sugar pref er ences to ward dif fer ent
monosaccharides will be dis cussed.

1. A. Imberty, E.P. Mitch ell & M. Wimmerová, Curr. Opin.
Struct. Biol., 15, (2005), 523.
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STRUCTURE OF b-GALACTOSIDASE COMPLEXES

J. Dohnálek1, T. Skálová1, J. Dušková1, H. Petroková1, J. Hašek1, P. Lipovová2, V. Spiwok2,
H. Strnad3, B. Králová2

1In sti tute of Macromolecular Chem is try, Acad emy of Sci ences of the Czech Re pub lic, Heyrovského nám. 2,
16206 Praha 6, Czech Re pub lic

2In sti tute of Chem i cal Tech nol ogy, Technická 5, 16628 Praha 6, Czech Re pub lic
3In sti tute of Mo lec u lar Ge net ics, Acad emy of Sci ences of the Czech Re pub lic, Flemingovo nám. 2, 16637,

Praha 6, Czech Re pub lic
dohnalek@imc.cas.cz

The unliganded struc ture of b-galactosidase from the soil
bac te rium Arthrobacter sp. C2-2 iso lated in Antarctica
(GH fam ily 2) re vealed com pact hexameric or ga ni za tion of 
the en zyme [1-2]. It is the first struc ture of a cold-ac tive

b-galactosidase. The struc ture was de ter mined by sin gle
crys tal X-ray crys tal log ra phy with use of syn chro tron ra di -
a tion at the ESRF beamline ID29. The dif frac tion data were 

re corded in 1,800 os cil la tion im ages at 0.1° slic ing and the
scaled set of in ten si ties con tained 577,572 re flec tions in

space group P21 (a = 140.1 C, b = 205.7 C, c = 140.5 C, b = 

102.3°). Six mono mers of the en zyme are ar ranged with

ap prox i mate 32 point sym me try into a sphere-like ob ject
and the in di vid ual ac tive sites face the in ter nal cav ity. The
cav ity is con nected with outer en vi ron ment mainly by three 
dif fer ent types of chan nels. The hexameric form is pres ent
in so lu tion and is as sumed to be the rel e vant bi o log i cal
oligomerization state. There fore, lig ands, sub strates, ions
and prod ucts in ter act ing with the en zyme in the vi cin ity of
the ac tive site must en ter and leave through the ma jor open -

ings. E.coli b-galactosidase from the same glycoside
hydrolase fam ily (a mesophilic coun ter part) was ex ten -
sively stud ied as for its oligomerization state (tetramer), ac -

tiv ity, en zy matic mech a nism and the a-complementation
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