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X-ray struc ture de ter mi na tion of syn thetic polydisperse
poly mer ma te rial in atomic res o lu tion is dif fi cult prob lem
be cause of vir tual im pos si bil ity to pre pare crys tals suit able
for dif frac tion ex per i ment [1]. Quite dif fer ent sit u a tion is
when one is in ter ested in the in ter ac tion of in di vid ual poly -
mer mol e cules with bi o log i cal ma te rial. About 40-70 % of
vol ume of pro tein crys tals form large cav i ties filled by sol -
vent. In prin ci ple, any wa ter sol u ble mol e cule with spe cific 
ad he sion to the pro tein sur face can be ob served in the maps
of elec tron den sity. The crys tals of large pro teins have
large cav i ties which can in cor po rate even high mo lec u lar
weight wa ter sol u ble poly mers.  

In ter ac tions of poly(ethyleneglycol), the topic of our
in ter est, is used in many med i cal ap pli ca tions (tar geted
trans port of drugs in body, sup port scaf fold for cell growth, 
etc.). Ad he sion of poly(ethyleneglycol) to pro teins has al -
ready been used and ob served long time ago.
Poly(ethyleneglycol) with mo lec u lar weight 400 up to 20
000 is of ten used as pre cip i tant for  pro tein crys tal li za tion.

Poly(ethyleneglycol)  is very polymorph ligand for pro -
teins and forms a large scale of in ter ac tions – from co or di -
na tion bonds to cat ions, hy dro gen bonds and also
hy dro philic in ter ac tions. The most tight bind ing of the end
of poly(ethyleneglycol) chain at the pro tein sur face is
wind ing the poly mer chain around the pos i tively charged
side chains of lysine, arginine and histidine.  Fig ure 1

shows the ex am ple of poly(ethyleneglycol) an chored at the 
ba sic res i due rich re gion of the pro tein sur face (PDB code
1O57 [2]). Re view of all ligand spe cific bind ing types is
avail able from au thor.
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LCDP – A NEW METHOD FOR STRUCTURE ANALYSIS AND QUALITATIVE AND/OR
QUANTITATIVE PHASE ANALYSIS.
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A new method  is pro posed which  pro vides ex cel lent  re -
sults in the field of struc ture anal y sis and re fine ments from
pow ders and  also of Q/Q phase anal y sis. The method was
orig i nally de vel oped for the latter and the orig i nal idea was
based on the fact, that the num ber of unique pow der pat -
terns is not in fi nite. If such a state ment is true, it is easy to
prove al ge bra ically that  any “new” pat tern can be ap prox i -
mated by a Lin ear Com bi na tion of (al ready known) Dif -
frac tion Pat terns. Anal ogy with LCAO method used in
quan tum chem is try is ev i dent and in fact the LCDP does
not use stan dard LS method, but SCF, ei ther stan dard or
per turbed. In as much as it would be computationally dif fi -
cult to use all dif frac tion pat terns to ap prox i mate a new
one, for a daily prac tice some sub sets have been tested
start ing from a very sim ple (a mix ture of SiO2, Al2O3, Y2O3

and TiO2) to rather com pli cated (PbSO4, ZSM-5 and C3S),
etc. The user’s da ta base “Harpagon” con tain ing more than
10 000 cal cu lated stan dards was cre ated em ploy ing so
called Biegler’s cod ing, which is, in con trast to the ex ist ing
meth ods less disk space de mand ing and computationally
very fast. A Round Robin was or ga nized to test the method
and the suc cess rate ob tained in sev eral in de pend ent lab o -
ra to ries was ~87.568%. Al though the method was orig i -
nally de signed for phase anal y sis, its power in struc ture
re fine ment and later also in struc ture so lu tion was soon rec -
og nized, when the o ret i cal dif frac tion pat terns were gen er -
ated us ing the data col lected in var i ous da ta bases. Again,
per analogiam,  it was pro posed that a new struc ture is just
and only  i) to a cer tain de gree per turbed known one, or, ii)
is in fact a lin ear com bi na tion of some al ready solved crys -

tal struc tures (for ex am ple struc tures built from in or ganic
poly he dra or or ganic rings). In the first case the value of
so-called per tur ba tion op er a tor is sought in the it er a tion
pro cess (SCF). If such a value drops be low a pre-de fined
Bayesian limit , the struc ture is solved and, as a side ef fect,
also re fined. In the more com pli cated cases, the limit is it er -
ated along with other pa ram e ters un til self-con sis tence is
achieved.  In the sec ond case a ma trix of the val ues is
sought and the pro cess is there fore much more time con -
sum ing. The vari ances of struc tural pa ram e ters are
weighted lin ear com bi na tions of the known ones. Re quired 
ma chine time is well-com pa ra ble to the that typ i cal for
some non-de ter min is tic pro ce dures. The pro ce dure can
also work in a “re verse” mode, i.e. can step-by-step sug gest 
new crys tal struc tures (and their pow der pat terns), whose
com bi na tion can give the un known one. This mode proved
to be very use ful for be gin ners and also for those, who deal
with disoredered or OD strucures. Nee dless to say that
some not very amor phous struc tures can be also solved,
pro vided higher or ders of the op er a tor are in cluded. How -
ever, in such a case the user must be aware of  rather large
ma tri ces and a 64 bit pro ces sor is rec om mended. Oth er wise 
the ac cu racy is lost and mul ti ple so lu tions may oc cur.  The
pro gram LCDP was writ ten in the Liszp lan guage and will
be dis trib uted un der the GNÜ li cense for an af ford able
price. The con di tions and more de tails will be given in
Neues Jahrbuch fûr Kristallographie (Monathshefte), 784
(2004). It is ex pected that when the “re verse” mode is im -
proved, the need for other da ta bases but by user gen er ated
and main tained will be soon very low.
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