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The ex cep tional me chan i cal prop er ties of bi o log i cal ma te -
ri als re side in their com plex ar chi tec ture at all hi er ar chi cal
lev els sup ported by spe cific mo lec u lar mech a nis tic phe -
nom ena. In or der to un der stand the struc ture-prop erty re la -
tion ship in wood, in-situ syn chro tron dif frac tion stud ies on
in di vid ual wood cells and on wood foils com bined with
ten sile tests were per formed at ID1 and ID13 beam-lines of
ESRF, re spec tively. 

The wood foils of the di men sions 5 x 50 x 0.2 mm and
the in di vid ual wood cells of about 20 µm in di am e ter and
500 µm in length were strained in ten sile stages un der var i -
ous strain rates mon i tor ing strain-stress de vel op ment and
col lect ing x-ray dif frac tion pat terns us ing a 2D CCD de tec -
tors. For the ex per i ment on in di vid ual cells, a very pre cise
pi ezo elec tric ten sile stage with si mul ta neous stress/strain
con trol was used while the sam ples were ex am ined with

beam of 2 mm [1]. 
The dif frac tion data ob tained from both wood foils as

well as from wood cells dem on strated sig nif i cant changes
in tex ture due to strain ing. By re lat ing the me chan i cal data

with the tex ture in for ma tion from cells and from foils, it
was pos si ble to sep a rate de for ma tion mech a nisms in side
the cell-wall from those me di ated by cell-cell in ter ac tions.
The data in di cate the pres ence of a dom i nant re cov ery
mech a nism in the cell-wall which re forms the amor phous
ma trix be tween he li cal cel lu lose microfibrils, re cov er ing
its me chan i cal func tion. This mech a nism dom i nates to the
ten sile be hav iour of dif fer ent wood tis sues. More over, the
com par i son of the me chan i cal and the microstructural re -
sults from var i ous wood types al lowed to draw rel e vant
gen eral con clu sions re gard ing the role of dif fer ent
microstructural fea tures of wood on its me chan i cal be hav -
iour as well as to de duce wood ar chi tec ture units pro gres -
sively op ti mised dur ing evo lu tion.

[1]  J. Keckes, I. Burgert, K. Frühmann, M. Müller, K. Kölln,
M. Ham il ton, M. Burghammer, S.V. Roth, S.
Stanzl-Tschegg  &  P. Fratzl (2003), Cell-wall re cov ery af -
ter ir re vers ible de for ma tion of wood, Na ture Ma te ri als 2,
811-814.
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In tro duc tion: The de for ma tion mech a nisms lead ing to
frac ture in bone in volve struc tural events at dif fer ent lev els
of the hi er ar chy si mul ta neously, in clud ing but not lim ited
to microcracking be tween fi brils, lamellar pull out, and
sub-mi cron level de for ma tion mech a nisms. At the level of
10 – 100 nanometers, bone ma te rial con sists of Type I col -
la gen fi brils im preg nated with poorly crys tal line min eral
(hydroxyapatite) par ti cles. The com bi na tion of the duc tile
or ganic and the brit tle in or ganic ma te rial re sults in both
high stiff ness and high tough ness, through as yet in com -
pletely un der stood frac ture and en ergy ab sorp tion mech a -

nisms.  The mea sure ment of the strains in the build ing
blocks – like col la gen fi brils and mol e cules, min eral par ti -
cles, and as sem blies of the above – are es sen tial in un der -
stand ing the lo cal me chan i cal en vi ron ment in the
extracellular ma trix, which serves to sig nal for an a bo lic or
cat a bolic changes (mod el ing and re mod el ing) of bone. 

Pur pose: To de ter mine how ex ter nal stresses and strains
are cou pled to sub mi cro scopic de for ma tion mech a nisms at
the fibrillar level in par al lel fibered bone and par tially min -
er al ized tur key leg ten don (MTLT). 
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Ap proaches: Time-re solved small an gle X-ray dif frac tion
com bined with in-situ ten sile test ing on par al lel-fibred
bone (from the periosteum of bo vine fe mur), with 8 keV
syn chro tron ra di a tion at the A2 (Soft Con densed Mat ter
Re search) beamline (HASYLAB, Ham burg). 

Re sults: Par al lel fibred bo vine bone de forms elas ti cally up 
to 1 – 1.5 %, but sub se quently (above the elas tic yield
point) shows re duced stiff ness and in creas ing dam age.
While the fi bril ex ten sion is pro por tional to the ex ten sion
of the to tal tis sue dur ing the whole de for ma tion, the strain
in the fi bril re mains less (1/3 to 1/2) of the tis sue strain.
There fore, some of the de for ma tion must oc cur by slip page 
be tween fi brils, pre sum ably within a proteoglycan-rich ex -
tra-fibrillar ma trix. While the much lower min er al ized

MTLT shows a sim i lar be hav ior for small strains, it be -
haves dif fer ently above the yield point, with a frac tion of
the fi brils re lax ing back to the un stressed state while oth ers
show much more ex ten si bil ity be fore frac ture. This bi -
modal be hav ior is prob a bly re lated to the inhomogeneous
min er al iza tion of the fi brils in side MTLT. 

Con clu sions: De for ma tion mech a nisms of the bone ma te -
rial in volve an elas tic de for ma tion of fi brils as well as a
com po nent of ex tra-fibrillar de for ma tion in the sur round -
ing ma trix, which can be quan ti fied by in-situ ten sile test -
ing com bined with syn chro tron small an gle X-ray
scat ter ing. 

Sup ported by Grant FWF P143.
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We have de vel oped a global x-ray data anal y sis tech -
nique, which ac counts for the quasi-long range or der
and dif fuse scat ter ing dis played by phospholipid
mem branes [1, 2]. Such sys tems are fre quently taken as
mim ics for bi o log i cal cell mem branes. With our method we 
are able to de ter mine struc tural pa ram e ters, such as the
mem brane thick ness, and fluc tu a tions that de pend on the
bilayer bend ing ri gid ity. We dem on strate the ap pli ca bil ity
of the method on var i ous lipid/wa ter sys tems in clud ing

phase tran si tion phe nom ena and give a com par i son and
out look to sur face dif frac tion on solid sup ported lipid
films.

[1] G. Pabst, M. Rappolt, H. Amenitsch, and P. Laggner, Phys. 
Rev. E 62, 4000 (2000)-

[2] G. Pabst, R. Koschuch, B. Pozo-Navas, M. Rappolt, K.
Lohner, and P. Laggner, J. Appl. Cryst. 36, 1378 (2003).
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The ap pli ca tion of pow der dif frac tion to polycrystalline 
pro teins has seen a num ber of sig nif i cant ad vances. Faster
data col lec tion tech niques have re duced the sam ple size re -
quire ment to less than 1mg and al lowed ac qui si tion of high
qual ity data in < 30sec per mit ting in situ ex plo ra tion of pro -
tein crys tal li za tion, re ac tions and ra di a tion dam age ef fects.

Re cent de vel op ments in data anal y sis in clude the use of
mul ti ple data sets in com bined stereochemically re strained
Rietveld re fine ments and Pawley re fine ments to en hance
the in for ma tion con tent of the pow der data and pos si bly
pro vide a route to pro tein struc ture so lu tion.
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Ob tain ing the atomic struc ture of large macromolecules
like pro teins de pends on the avail abil ity of good qual ity
sin gle crys tals. Fol low ing the re cent re ports of crys tal
struc ture re fine ment (Von Dreele, 1999) and so lu tion (Von 
Dreele, 2000) of some small pro tein struc tures from pow -
der dif frac tion data, the re quire ment for a sin gle crys tal
might be re laxed. Since many ma te ri als of in ter est do not
readily form sin gle crys tals, the avail abil ity of the pow der
tech nique wid ens the spec trum of sam ples which might be
char ac ter ised crys tal lo graphi cally. Un for tu nately, the col -
lapse of three-di men sional re cip ro cal space into a one-di -
men sional pow der dif frac tion pat tern leads to a
cat a strophic loss of in for ma tion. There is not only the usual 
phase prob lem, ow ing to sig nif i cant peak over lap it is fre -
quently not even pos si ble to de ter mine the in ten sity of in di -
vid ual Bragg re flec tions, but only their sum. Nev er the less,
pow der dif frac tion data gives a range of com ple men tary in -
for ma tion which can be more dif fi cult to ob tain from a sin -
gle crys tal. The peak shapes de pend on the microstructure
of the ma te rial, ac cu rate unit cell pa ram e ters can eas ily be
de ter mined and the sam ple gen er ally sur vives un der nas tier 
con di tions.

The pow der dif frac tion tech nique has de vel oped dra -
mat i cally in the last 20 years, how ever, the ap pli ca tion to
macromolecular crys tal log ra phy re mains in its in fancy.
Ini tially, we iden ti fied tur key egg-white lysozyme
(TEWL) as a good can di date ma te rial for a trial pow der dif -
frac tion study for sev eral rea sons. Ow ing to the sim i lar ity
to hen egg-white lysozyme (HEWL), a great deal is known
about the sys tem al ready, al though TEWL will hope fully
be more rep re sen ta tive of a typ i cal microcrystalline sam ple 
in com par i son to HEWL, which readily forms large crys -
tals of ex cel lent qual ity. We would like to know if it is pos -
si ble to ex ploit mo lec u lar re place ment tech niques with
pow der data: the TEWL struc ture was orig i nally solved in
this way. Fur ther more, we aim to il lus trate the kind of com -
ple men tary in for ma tion which can be de rived sim ply from
pow der data when a sam ple goes through a cat a strophic

phase tran si tion. We re port re fine ments of the room tem -
per a ture crys tal struc ture from pow der data, the vari a tion
of the unit cell pa ram e ters with pH of the pre cip i ta tion me -
dium and an in ves ti ga tion into the pro cesses oc cur ring
when the sam ple is frozen. Fi nally, re cent re sults from a se -
ries of X-ray pow der dif frac tion ex per i ments in dif fer ent
sys tems such as in su lin, trypsin and conclavin-A will be
pre sented.

Von Dreele, R. B. (1999) J. Appl. Cryst. 32, 1084-1089.

Von Dreele, R. B. (2000) Acta Cryst. D56, 1549-1553.

Figure 1. Refined conformation of  TEWL at 
295 K (pH 6.0) illustrated as ribbon. 


