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The ap pli ca bil ity of au to mated mo lec u lar dock ing tech -
niques and quan tum me chan i cal cal cu la tions for the con -
struc tion of en zyme-sub strate com plexes for use in
Com pa r a tive bind ing en ergy (COMBINE) anal y sis [1-6]
was eval u ated. The data set stud ied con sists of the com -
plexes of eigh teen sub strates with the haloalkane dehalo -
genase (DhlA) iso lated from bac te rium Xantho bacter
autotrophicus strain GJ10. An au to mated mo lec u lar dock -
ing pro ce dure pro vided the struc tures for a set of DhlA-
sub strate com plexes that was used to de rive a ro bust
COMBINE model. Quan tum-me chan i cal cal cu la tions
were suc cess fully used as an ad di tional and com ple men -
tary com pu ta tional tool for se lec tion of cor rect bind ing
modes ob tained from the dock ing. The re sult ing
COMBINE model is com pared with a pre vi ously re ported
COMBINE model [7] de rived for the same data set us ing
struc tures of com plexes built ac cord ing to ex per i men tally
de ter mined struc ture of the DhlA-dichloroethane com plex. 
Both mod els were sim i lar in terms of over all fit and in ter nal 
pre dic tive power even though the con for ma tions and ori en -
ta tions of the sub strates in the com plexes were sig nif i cantly 
dif fer ent. The new COMBINE model de rived from the au -
to mat i cally docked struc tures per formed no ta bly better in
ex ter nal pre dic tion. Small dif fer ences in the rel a tive con tri -
bu tions of im por tant res i dues to ex plain ing bind ing af fin i -
ties can be di rectly linked to struc tural dif fer ences in the
mod elled en zyme-sub strate com plexes.

1. A. R. Or tiz, M. T. Pi sa barro, F. Gago & R. C. Wade, 
J. Med. Chem., 38 (1995) 2681-2691.

2. R. C. Wade, A. R. Or tiz, and F. Gago: Com pa ra ti ve Bin -
ding Ener gy Ana ly sis, in 3D QSAR in Drug De sign. H.
Ku bi nyi, G. Fol kers, and Y.C. Mar tin, Edi tors. Dor d recht
1998. Kluwer Aca de mic Pu b lishers. p. 19-34.

3. C. Pe rez, M. Pas tor, A. R. Or tiz & F. Gago, J. Med. Chem., 
41 (1998) 836-852.

4. T. Wang & R. C. Wade, J. Med. Chem., 44 (2001)
961-971.

5. C. Cue vas, M. Pas tor, C. Pe rez & F. Gago, Comb. Chem.
High Through put Screen., 4 (2001) 627-642.

6. R. C. Wade: De ri vati on of QSARs using 3D structu ral mo -
dels of pro tein-li gand com plexes by COMBINE ana ly sis,
in Rati o nal ap pro a ches to drug de sign: 13th Eu ro pean sym -
posi um on Quan ti ta ti ve Structu re-Acti vi ty Re lati on ships.

H.-D. Hol tje and W. Sip pl, Edi tors. Bar ce lo na 2001. Prous
Science. p. 23-28.

7. J. Kmuníèek, S. Luengo, F. Gago, A. R. Ortiz, R. C. Wade
& J. Damborský, Bio chem is try, 40 (2001) 8905-8917.

SECONDARY AND TERTIARY STRUCTURE
OF HUMAN A1-ACID GLYCOPROTEIN BY
HOMOLOGY MODELING AND VIBRATIONAL 
SPECTROSCOPY

V. Kopecký Jr.1,2, R. Ettrich3, 
K. Hofbauerová2,4, V. Baumruk1 and 
V. Karpenko4

1Institute of Phys ics, Charles Uni ver sity, Ke Karlovu 5,
121 16 Prague 2, Czech Re pub lic
2Department of Bio chem is try, Fac ulty of Sci ences,
Charles Uni ver sity, Albertov 2030, 128 40 Prague 2,
Czech Re pub lic, e-mail: hofbauer@biomed.cas.cz
3 Lab o ra tory of High Per for mance Com puting, In sti tute
of Phys i cal Bi ol ogy USB and In sti tute of Land scape Ecol -
ogy AS CR, Uni ver sity of South Bo he mia, Zámek 136,
373 33 Nové Hrady, Czech Re pub lic
4Department of Phys i cal and Macromolecular Chem is try, 
Fac ulty of Sci ences, Charles Uni ver sity, Albertov 2030,
128 40 Prague 2, Czech Re pub lic

Hu man a1-acid glycoprotein (AGP), also known as oroso -
mucoid, is a 41-kDa sin gle polypeptide formed of 183
amino ac ids. It con tains 42% car bo hy drate in weight and
has up to 16 sialic ac ids res i dues. AGP, a hu man blood
plasma pro tein, be longs to the lipocalin fam ily of pro teins,
a het er o ge neous group of pro teins that bind a va ri ety of
small hy dro pho bic lig ands. It is known that AGP plays a
role un der in flam ma tory or other pathophysiological con -
di tions and is able to bind ba sic drugs and cer tain ste roid
hor mones such as pro ges ter one, how ever its bi o log i cal
func tion and 3D struc ture re mains un known [1].

The aim of our work was to pre dict and ver ify the
three-di men sional struc ture of AGP. A struc tural model,
us ing avail able lipocalin struc tures as tem plates, was con -
structed by means of the Mod el ler pro gram [2]. The model

shows that AGP folds as a highly sym met ri cal all-b pro tein

dom i nated by a sin gle eight-stranded antiparallel b-sheet.
For the first time sec ond ary and ter tiary struc tures of AGP
have been stud ied by in fra red and Raman spec tros copy.
Vi bra tional spec tros copy con firmed de tails of the sec ond -

ary struc ture pre dicted by mod el ing, i.e. 15% a-he li ces,

41% b-sheets, 12% b-turns, 8% b-bands and 24% un or -
dered struc ture at pH 7.4. Ther mal dy nam ics in the range
20-70 °C mon i tored by Raman spec tros copy and an a lyzed
by prin ci ple com po nent anal y sis re vealed full re vers ibil ity
of the pro tein mo tion upon heat ing dom i nated by de creas -

ing of b-sheets, prob a bly ther mal "breath ing" of the b-bar -
rel.

Docking of pro ges ter one into the bind ing pocket of our
model was ex plored with the AutoDock pro gram [3]. Then
Raman dif fer ence spec tros copy con firmed the pre dicted
prox im ity of Trp122 to the pro ges ter one bind ing pocket.
We can con clude that our model was ver i fied in so many
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