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L1

THE HIGH RESOLUTION POWDER DIFFRACTION BEAMLINE ID31 AT THE ESRF

Michela Brunelli

ESRF, Grenoble, France

Pow der dif frac tion is an im por tant and of ten unique crys -
tal lo graphic tool to de ter mine the struc tures of
polycrystalline ma te ri als in powder crys tal log ra phy, for
mea sure ment of re sid ual strain in bulk ma te ri als, in in-situ
mea sure ments for the ex plo ra tion of phase di a grams with
tem per a ture, pres sure, the ki net ics of chem i cal re ac tions,
fol low ing the changes in the crys tal line com po nents in

elec tro chem i cal cells with charg ing and dis charg ing, etc.
One of the ma jor gen eral strengths of pow der dif frac tion is
the abil ity to carry out mea sure ments un der a wide range of
con di tions.

At the High Res o lu tion Pow der Dif frac tion beamline
ID31 at the ESRF, an cil lary equip ment is avail able for ex -
per i ments in a wide range of tem per a tures, from room tem -
per a ture down to 2.5 K us ing ei ther a cold ni tro gen gas
blower or a liq uid-he lium-cooled cryostat; or at high tem -

per a ture, up to 900 °C, us ing a hot air blower. Higher tem -
per a ture can be reached us ing a par a bolic mir ror fur nace,
us ing halo gen lamps; in this case the sam ple has to be con -
tained in plat i num cap il lary and it can be heated to
~1500 °C. An in-situ gas-han dling sys tem has been nec es -

sary to al low vol a tile com pounds to be con densed in a cap -
il lary mounted on the axis of the diffractometer for
stan dard pow der X-ray dif frac tion stud ies. This gas-han -
dling cell has also been em ployed in in-situ ex per i ment that 
re quired flux ing gas through the sam ple dur ing data col lec -
tion, at mod est pres sures (up to 20 bar).

More re cently, sys tem atic pH- and tem per a ture vari a -
tions of crystallization con di tions of rel a tively small pro -
tein were mon i tored us ing high-res o lu tion pow der
dif frac tion data. Struc tural mod i fi ca tions of polycrystalline 
hen egg-white lysozymes (HEWL), pre cip i tated in the pH

range be tween 6.56 and 3.33, at 4 °C and at room
temperature (for a to tal of 48 sam ples) were re vealed from
X-ray pow der dif frac tion data. The ex per i ment was also
pos si ble thanks to the au to ma tion in data col lec tion
achieved by em ploy ing ro botic equip ment for sam ple
change.

In this presentation, a general overview of the diverse
research activities carried out at the High Resolution
Powder Diffraction beamline ID31 at the ESRF, in
Grenoble (France), will be given.
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TIME-RESOLVED POWDER DIFFRACTION

Gavin Vaughan
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KINETIC PROTEIN CRYSTALLOGRAPHY

Dominique Bourgeois

               ESRF, Grenoble, France

Ó Krystalografická spoleènost

Ma te ri als Struc ture, vol. 13,  no. 3 (2006) Col lo quium 2006 - Grenoble - Lec tures      127



L4

NEUTRON BIOMACROMOLECULAR CRYSTALLOGRAPHY IN GRENOBLE

M. Budayova-Spano1/2, F. Meilleur2, M. P. Blakeley1, F. Dauvergne1 and P. Timmins2

1EMBL / 2ILL, 6 rue Jules Horowitz, BP 181, CEDEX 9, Grenoble, 38042, France

X-ray and neu tron crys tal log ra phy are highly com ple men -
tary tech niques. While the non-hy dro gen atom po si tions of
biomacromolecules are ac cu rately de ter mined by X-ray
crys tal log ra phy, in for ma tion on the hy dro gen atom po si -
tions is only pos si ble when ul tra-high res o lu tion data
(better than 1C) can be col lected. Neu tron crys tal log ra phy,
on the other hand, can of ten re veal crit i cally im por tant hy -
dro gen’s even at me dium res o lu tions of 1.5 – 2.5 C. Thus
neu tron crys tal log ra phy can pro vide key in sight into hy -
dro gen bond net works, wa ter ori en ta tions and pro ton shut -
tles in volved for in stance in en zyme cat a lytic mech a nisms.

Whereas de vel op ment of third gen er a tion syn chro tron
sources has al lowed X-ray pro tein struc tures to be solved
from crys tals of a few mi crons in their small est di men sions, 
a ma jor hur dle to neu tron pro tein crys tal log ra phy is that
un usu ally vo lu mi nous crys tals (~ 1mm3) are re quired to
com pen sate for the weak flux of avail able neu tron sources
[1]. How ever if the pro tein is fully perdeuterated (all hy -
dro gen re placed by deu te rium) the re quired crys tal vol ume
is con sid er ably re duced as perdeuteration largely avoids
the large in co her ent scat ter ing back ground of hy dro gen,
and thus can pro vide a ten fold gain in the sig nal/noise ra tio
of dif frac tion im ages [2]. Ob tain ing large deuterated crys -
tals suit able for neu tron anal y sis in volves per form ing sys -

tem atic stud ies of the sol u bil ity and pro tein-pro tein
in ter ac tions in deuterated crys tal li za tion con di tions, as
H-D ex change al ters the physico-chem i cal prop er ties of
pro tein so lu tions and af fects the crys tal li za tion pro cess in a
sig nif i cant way [3].

We will dis cuss re cent tech no log i cal ad vances
achieved at the ILL/EMBL Deuteration Lab o ra tory in
Grenoble in pre par ing D-la belled bi o log i cal ma te rial, and
in grow ing large D-la belled crys tals suit able for neu tron
dif frac tion. Fi nally we will pres ent one of the re cent neu -
tron pro tein struc tures de ter mined with the Laue
diffractomer (LADI) at the ILL fo cus ing on the com plex of
re com bi nant urate oxidase en zyme with 8-azaxanthin [4].
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