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The im por tance of com puter mod el ing of mem brane pro -
teins in mo lec u lar bi ol ogy is worked out. We give three ex -
am ples that mod els gained by a com bined ap proach of
homology and en er getic mod el ing with vi bra tional spec -
tros copy are a use ful help in site-di rected mu ta gen e sis,
trun ca tion, bind ing-stud ies and even in crys tal log ra phy.
The study of the vanilloid re cep tor is a suc cess ful ap pli ca -
tion of a com puter model in the con struc tion of trun ca tions
that served for the iden ti fi ca tion of func tion ally im por tant
pro tein parts. In the case of CD69 com puter dock ing
helped to iden tify the Ca2+–bind ing site that was not ob -
served in the crys tal struc ture of this pro tein due to the
non-phys i o log i cal con di tions of crystallisation.

for full pa per see page

PROTON TRANSFER IN SHORT
OLIGOPEPTIDES

P. Kulhánek and J. Koèa

Na tional Cen tre for Biomolecular Re search, Fac ulty of
Sci ence, Masaryk Uni ver sity, Kotláøská 2, Brno CZ-611
37, Czech Re pub lic

Pep tides be long to key biomolecules. Their ac tiv ity can be
in flu enced by sev eral im pacts and the in ter ac tion with pro -
tons is one of them. Such a type of in ter ac tion can also in -
flu ence be hav iour of pep tides in gas phase, which can lead
to dif fer ent way of frag men ta tion dur ing mass spec tros -
copy anal y sis [1].  

Our quan tum-chem i cal study has been fo cused on de -
tailed anal y sis of pro ton in ter ac tion with short oligo -
peptides. Den sity func tional the ory em ploy ing hy brid
func tional B3LYP and 6-31G(d',p') ba sis set was used. The 
study was per formed on ter mi nally blocked diglycine and
triglycine mod els. It im plies that the pro ton can only in ter -
act with the ox y gen and ni tro gen at oms of the amidic
groups. Be cause of ap pro pri ate ge om e try, the pro ton trans -
fer can oc cur be tween these po si tions [2, 3]. 

In gen eral, the pro ton trans fer pro cess con sists of two
re peat ing steps. In the first step, the pro ton is moved around 
the dou ble bond of the car bonyl group by isomerization
from E to Z con fig u ra tion. Then the pro cess con tin ues by
pro ton jump be tween ad ja cent car bonyl oxygens. The
isomerization pro cesses have sig nif i cantly higher ac ti va -
tion bar ri ers than the jump steps [3]. Also changes in pro -
ton trans fer were ex am ined when a sin gle wa ter mol e cule
was pre sented in the sys tem. Strong in flu ence to all steps,
and also ac tive par tic i pa tion of the wa ter mol e cule due to
pro ton ex change pro cesses was found. 
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In last years, re nais sance of  rather old and tra di tional tech -
nique - X-ray pow der dif frac tion can be ob served. This was 
ini ti ated by both the in ter est in de sign of new ma te ri als (in
ma te ri als sci ence, phys ics and chem is try, where it plays the 
role of a ba sic method), and also by fast de vel op ment in in -
stru men tal tech niques - X-ray op tics and de tec tion which
en hanced its pos si bil i ties.

Pow der dif frac tion pat tern con tains dif fer ent kind of in -
for ma tion.  Peak po si tions and in ten si ties are re lated to
crys tal (atomic) struc ture, i.e. the type and size of lat tice
cell and atomic po si tions and con se quently it can be used
for struc ture re fine ment and even struc ture de ter mi na tion
in some cases. As a fin ger print of each in di vid ual phase,
the dif frac tion pat tern can be an ideal tool for phase
analysis.

How ever, there is much more hid den in the pat tern.
Vari a tions of lat tice pa ram e ters and intensitites can de tect
lat tice de fects. This is re lated to the so-called real struc ture
of ma te rial, the term which is also used for struc tural fea -
tures in the scale of nanometers, i.e. grains or subgrains.
The top ics which is now of great in ter est be cause of in tense 
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re search of nanomaterials.  Pow der dif frac tion anal y sis
now a days may in clude ap pli ca tion of dif fer ent dif frac tion
ge om e tries and anal y sis of peak po si tions, in ten si ties and
widths. This makes pos si ble a com plete PXRD anal y sis  -
phase anal y sis, struc ture re fine ment,  stress, strain, crys tal -
lite size and texture analysis.

Can the tech nique be of any use for bi ol o gists? There
have not been many ap pli ca tions yet. Main in ter est of bi ol -
o gists now seems to be di rected to pro tein crys tal log ra phy
where even syn chro tron sin gle crys tal dif frac tion may be
in suf fi cient. How ever, re cently, an at tempt to use pow der
dif frac tion for struc ture re fine ment of proteins has
appeared [1, 2] too. 

In pres ent work, we have tried to per form more com -
plete dif frac tion anal y sis of dif fer ent egg-shells.

The bi o log i cal func tion of the egg-shell is a cham ber
for em bry onic de vel op ment and from which the chick is
able to emerge at the ap pro pri ate time. The re quire ments of
the ta ble egg in dus try are dif fer ent. The in dus try sus tains
eco nomic loss from cracked eggs and some of the crack ing
can be at trib uted to the de fi cien cies in the egg-shell struc -
ture. This is one of the rea sons why the at ten tion to eggshell 
is devoted [3-5].

The egg-shell con sists of sev eral mu tu ally through-
 grow ing lay ers of CaCO3. The in ner most layer - mamilary

layer ( ~100 µm) grows on the outer egg mem brane and
cre ates the base on which the pal i sade layer con sti tutes the

thick est part  (~ 200 µm) of the egg-shell. The top layer is

the ver ti cal layer  (~ 5-8 µm) cov ered by the or ganic cu ti -
cle.

Dif fer ent kinds of hen´s and bird´s egg-shells in the
pow der form or as a whole from both sides of the shell were 
ex am ined by pow der diffractometry and film back-re flec -
tion method. The pow der pat terns were eval u ated by the
fit ting of dif frac tion pro files with the Pearson VII func tion. 
The lat tice pa ram e ters, peak in ten si ties and pro file broad -

en ing were ana lysed. At the Bragg-Brentano set ting (2Q =

40°) the Cu ra di a tion pen e trates ap prox i mately into the
9 µm of the egg-shell, so the mea sure ments from the in ner
and outer shell sur face can give ev i dence of the mamilary
and pal i sade layer, re spec tively.

The re sults ob tained on egg-shells of very dif fer ent or i -
gins shown no sig nif i cant dif fer ences in lat tice pa ram e ters 
that cor re spond well to the PDF-2 val ues. The pat terns con -
tained only ba sic phase CaCO3 (space group no. 167: R-3c) 
with a small ad di tion of mag ne sium (0.3 wt. % , de ter mined 
by atomic ab sorp tion). Dif frac tion pat terns of pow ders ob -
tained from all the eggs in ves ti gated cor re spond very well
to the pat tern of stan dard CaCO3. The cor re spon dence is
very good in clud ing in ten si ties. The pat terns ob tained from 
egg-shell pow ders are also very sim i lar to the stan dard pat -
tern, re gard less larger line broad en ing. 

How ever, there are dif fer ences be tween pow ders and
both sides of the shells. For in ner shell sur faces, the in ten si -
ties are only slightly dif fer ent than in pow ders (in clud ing
stan dard one) but there is sig nif i cant line broad en ing in di -
cat ing fluc tu a tions of lat tice spac ings (the mean lo cal strain 
of about 0.2 %). On the other hand, for outer shell sur faces,
there is much smaller broad en ing of lines, sim i lar to pow -
ders, but sig nif i cant changes of in ten si ties in di cat ing the
00l tex tures of grains. This is also an ev i dence of pres ence

of two ba sic lay ers, struc tur ally very dif fer ent - mamilary
and pal i sade. The mean ing of crys tal lo graphic tex ture has
been em pha sized [3, 4]. It was steted that the break ing
strength of the egg shell is in versely re lated to the de gree of
cal cite ori en ta tion and con versely, re duced strength in the
egg shell from aged hens coincides with a high variability
of texture [3]. 

As a gen eral con clu sion and amaz ing fact, we can say
that any dif fer ences of XRD pa ram e ters be tween the eggs
of very dif fer ent or i gin are not sig nif i cant. So that their
microstructure and com po si tion, as they can be seen by
XRD, are the same. 

This work was an at tempt for non-tra di tional ap pli ca -
tion of pow der dif frac tion and it was shown that it may be
help ful for bi ol o gists not only for phase anal y sis but also
for the study of nanostructure of in or ganic crys tal line
phases in bi o log i cal ob jects which is closely re lated to the
over all microstructure which is strongly in flu enced by pro -
teins tak ing part in the egg cre ation. The egg shell ma trix
pro teins in flu ences the pro cess of crys tal growth by con -
trol ling size, shape and ori en ta tion of cal cite crys tals. The
for ma tion of avian eggs be longs to most rapid min e r al iza -
tion processes known.

The work has been ini ti ated and sup ported only by pri vate
in ter ests of the au thors.
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A typical part of the dif frac tion pat tern of the egg-shell (CaCO3) -
from the in ner (thin line) and  outer side (thick line), re spec tively.


