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The final step of the structure solution is the process of re-
finement of a macromolecular structure, which can be de-
fined as a gradual adjustment of the real space model
parameters so that the maximum possible agreement with
the experimental data is achieved.

In all cases of the phase problem solution, the phases
obtained are estimated, and often the set of estimates is in-
complete. Electron-density maps, calculated using mea-
sured amplitudes and first phase estimates, are often
difficult or impossible to interpret. As phase improvement
and extension proceed, the electron-density maps become
clearer and easier to interpret. The iterative process of
structure refinement eventually leads to a structure that is in
good agreement with the experimental data. The complex-
ity of this task requires a combination of iterative refine-
ment methods based on mathematical principles and of
manual building and rebuilding of the three-dimensional
real space model of the structure.

The refinement starts either with model derived
from an existing structure (MR) or with the most evident
part(s) of the structure built according to the electron den-
sity maps calculated using the initial phase estimation
(MAD, SIR or MIR). In case of model obtained by MR for
each (non-hydrogen) atom of the rebuilt model, four pa-
rameters are refined: three coordinates (x, y and z) and the
isotropic temperature factor frequently called B-value.
Also, the new bulk solvent correction parameters and posi-
tions of hydrogen atoms are calculated and optimized. Af-
ter several steps of the refinement, the model is used for
calculation of the new phases of the structure factor. These
phases together with observed structure factor amplitudes

are utilized for calculation of the more accurate electron
density maps. The decrease of the R-factors (Rcrys and Ryree)
after each step of structure refinement indicates the correct-
ness of the structure solution and refinement. The refine-
ment is finished when the structural model explains all
significant parts of the electron density maximum and
when R-factors values are minimal.

Presently the refinement procedure is involved in the
CCP4 software package [4] or in CNS [5] or XPLOR [6]
programs. Map fitting could be done by computer graphics.
Computer programs such as O [7] or XtalView [8] produce
a realistic 3D display of electron density maps.
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HODNOCENI KVALITY KRYSTALOVYCH STRUKTUR MAKROMOLEKUL
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Uvod

Rentgenova krystalografie je hlavni technikou ziskani
detailni informace o atomové struktuie makromolekul.
Typické problémy makromolekuldrni krystalografie:
difrakéni data ziskana na omezeném rozliSeni a nepfesna
fazovéa informace, nevyhnutelné¢ ovliviuji kvalitu map
elektronovych hustot a nasledné se odrazi i v kvalité
konecného modelu. Chyby se mohou vyskytnout v kazdém
kroku urcovani krystalové struktury: od experimentalnich
chyb méfeni az po chyby pfi interpretaci mapy elektronové
hustoty a upfesnovani modelu.

V soucasné dobé existuje mnoho metod pro ovéieni
kvality modelu, které lze rozdélit do dvou zékladnich
skupin. Prvni skupina hodnoti kvalitu modelu podle jeho
shody s experimentalnimi daty. Druha skupina ovéfo-
vacich metod hodnoti geometrické a konformacni para-

metry modelu srovnanim se standardnimi hodnotami
odvozenymi z krystalovych struktur malych molekul nebo
struktur makromolekul ur¢enych na vysokém rozliSeni.
Tématu hodnoceni a ovéfovani kvality struktur se vénuje
fada ptehlednych ¢lankt [napft. 1, 2, 3].

Hodnoceni a ovérovani kvality modelu
shodou s experimentalnimi daty

Nejdulezitéjsim meétitkem kvality daného atomového
modelu je jeho shoda s experimentalnimi daty. Tato
metoda ovéfeni kvality modelu odhali jak systematické
chyby ovlivitujici spravnost modelu, tak ndhodné chyby
odrazejici se na jeho presnosti. Hodnoceni shody lze
provadét bud’ globalné (shoda celého modelu s daty),
anebo existuji i kriteria pro hodnoceni lokalni shody
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