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SYSTEMATIC ANALYSIS OF CRYSTAL AND MOLECULAR STRUCTURES

J. Hasek, J. Dohnalek

Institute of Macromolecular Chemistry AV CR, Heyrovského ném.2, 16206 Praha 6,
hasek@imc.cas.cz

Currently available sources of experimentally determined
molecular structures for analysis of relations between
structure and function are:

Cambridge Structure Database of Organic and
Organometalic Compounds (CSD) [1] is distributed in
our country by the Crystallographic Association. It con-
tains presently 703 297 organic structures, 339 297 con-
taining at least one metal atom and 221 037 containing at
least one halogen atom.

The database is searched by self-explanatory program
ConQuest . The best tool for visual inspection of structures
in crystalline phase is MERCURY 3.0 [2]. Some other as-
pects of using the CSD are reviewed in [3]. Teaching mod-
ules are at http://www.ccdc.cam.ac.uk/suport/documen-
tation/csd/teaching_egs/toc.html. Advanced case studies
are at http://www.ccdc.cam.ac.uk/case_studies/small _mol/
for inorganic structures and at http://www.ccdc.cam.ac.uk/
case_studies/life_science/ for life sciences. The teaching
version is free of charge. The full version is available for a
reasonable fee paid yearly.

Protein Databank (PDB)” [4] contains 81 553
macromolecular structures mostly of biological origin.
71 508 of them were determined by X-ray diffraction,
9 354 by solution NMR, 51 by solid state NMR, 38 by neu-
tron diffraction, 32 by electron diffraction, and 428 by elec-
tron microscopy.

75 525 of these structures are proteins, 1 340 are DNA
fragments, and 907 RNA. 41 052 structures originate from
eukaryota, 29 945 from bacteria, 4 826 from viruses, 3 215
from archea, and 3 743 from other sources. As far as
eukaryota, 19 952 structures of biological macromolecules
originate from Homo Sapiens, 5 854 from E-coli, 3 513
from Mus Musculus, 2 148 from Saccharomyces Cere-
visiae, 2 047 from Bos Taurus, etc. The most frequently
present enzyme types are hydrolases 16 952, transferases
12 493, oxydoreductases 7 480, lyases 3 340, isomerases
1 900 and ligases 1 696.

The PDB site refers to many useful programs for struc-
ture analysis, e.g. for inspection of adsorption of ligands on
protein surface is the Protein Explorer [5]. The use of data-
base is free.

The database of human disease-related VIS (http:
/Iwww.scbit.org/dbmi/drvis) collects and maintains human
disease-related VIS data, including characteristics of the
malignant diseases, chromosome region, genomic position
and viral-host junction sequence. The current database
covers about 600 natural VIS of 5 oncogenic viruses repre-
senting 11 diseases. Among them, about 200 VIS have
viral-host junction sequence.

Polymer Structure Database (PolyBase) [6] contains
structures of synthetic polymers determined experimen-
tally in solid state and several thousands of “snapshots” of
the PEG-like polymers built in the environment of biologi-
cal macromolecules. Non-commercial users in the Czech
and Slovak Republics can get access to these services.

The Nucleic Acids Data Bank (http://ndbserver.
rutgers.edu/) contains 5 897 structures of oligonucleotides.
The link  http://ndbserver.rutgers.edu/education/index.
html refers to several useful links to teaching and educa-
tional resources. All events related to the Nucleic Acids
Data Bank are archived in the NDB Newsletter http:/
ndbserver.rutgers.edu/NDB_news/index.html. The use of
the database is free.

The Inorganic Crystal Structure Database (http:
//www fiz-karlsruhe.de/icsd_content.html) currently con-
tains 150 042 inorganic structures. 1 616 crystal structures
of elements, 28 354 structures of binary compounds,
55 436 ternary compounds and 54 144 quarternary and
quintenary compounds. The database is updated twice a
year, adding each time about 3 500 new records. The data-
base should be purchased directly from http://www.
fiz-karlsruhe.de.

The database CRYSTMET® - Metals and Alloys
(http://www .tothcanada.com/) contains 139 058 entries
with critically evaluated crystallographic data, atomic co-
ordinates and calculated powder diffraction patterns for
metals, alloys, intermetallics and minerals. The database is
closely related to a software package for materials
modelling “Materials Toolkit 2.7.1” published in [7].

The Crystallography Open Database — COD
(http://www .crystallography.net) collects all known ,,small
molecule” and “small-medium sized unit cell crystal
structures and makes them available freely on the internet.
It contains more than 150 000 structures [8].

Simple use of databases makes usually no problem. An
advanced usage may be more sophisticated and requires
some experience. In case of interest in the advanced
courses and discussion meetings organized in the next
three years, please fill the attached tentative form. It en-
sures that you will receive the final information about the
program and exact date of the individual courses.

The research is supported by GA CR 310/09/1407.
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MULTIVARIATE METHODS FOR MACROMOLECULAR STRUCTURE SOLUTION
FROM EXPERIMENTAL PHASES

P. Skubak, N. S. Pannu

Department of Biostructural Chemistry, Leiden University, Leiden (the Netherlands)
p.skubak@chem.leidenuniv.nl

Traditionally, the process of macromolecular structure so-
lution consists of separate experimental phasing, density
modification and model building with refinement (Fig. 1a).
First, experimental phasing provides initial estimates of the
phases using a probability distribution Py, of several struc-
ture factors with a known relation. The initial map con-
structed using the initial phases is then repeatedly modified
in order to introduce expected protein electron map fea-
tures into the it. Since this process also introduces errors
into the map, the resulting map is usually recombined with
the initial map using a reciprocal space probability distribu-
tion Ppy;, followed by another density modification itera-
tion of the recombined map. After several iterations, the
recombined map is used for iterative tracing of the model
with its reciprocal space refinement using probability dis-
tribution Ps.

Typically, only the experimental phasing target Py is
regarded a function of several related structure factors
which inherit the information about phases. The probabil-
ity distributions Ppy and Pref are considered univariate
functions of a single structure factor, ignoring the experi-
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Figure 1. Process of structure solution from experimental phases.

mental phase information. While this approach is often suf-
ficient, the use of the extra information may be essential at
lower resolutions as it increases the low observations-
to-parameters ratio or in the case of weak initial phases as
it enables to retain and further improve the quality of the
phase estimates.

The phase information can be indirectly incorporated
into the univariate targets Ppy and Py, using the phase dis-
tribution obtained from phasing [1]. However, this method
suffers by several theoretical and practical shortcomings.
Indeed, we have shown that direct incorporation of the ex-
perimental phase information by a multivariate function for
model refinement, modeling the related structure factors
and the correlations between them, removes unjustified as-
sumptions and provides higher quality models than the re-
finement function with indirect phase information
incorporation [2]. Similarly, we have shown that a multi-
variate function for combination of the density modified
maps and experimental maps can lead to significant im-
provements in quality of the electron density maps [3].

FO,([J wmw'wmoﬁ

est
PHAS.+PH.COMB.+ REF. (P_ )

comb

b)

a) The traditional process of structure solution. The steps are separated and a different function (P) is used in phasing, density modifica-

tion phase combination and model refinement.

b) The new structure solution in which a single multivariate function incorporates phase information and density modification informa-

tion in the current model refinement.
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Recently, we have derived a novel multivariate likeli-
hood target function for refinement of a (partial) model
which incorporates both the phase information and the
density modification information directly in the refinement
function. The function enables to consider the traditionally
separate steps of macromolecular X-ray structure determi-
nation from experimental phases as one unified process
(Fig. 1b) that can lead to combined and significant im-
provements.

The new function has been implemented in the refine-
ment program Refmac5 [4] and combined with density
modification and model building in the CRANK suite [5].
Tests performed show the new approach allows for many
structures to be built automatically that eluded current
methods, especially for data at lower resolutions or with
weak experimental phase information.
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SEMI-AUTOMATICKE HLEDANIi LIGANDU V PROTEINOVYCH STRUKTURACH

F. Paveléik', J. Vaclavik?
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Uvod

Automatizované hledani ligand v protein-ligandovych
komplexech je zadané v nékterych modernich metodach
designu léciv jako je napi. FBDD (fragment-based drug
design). FBDD je relativné nova metoda [1] objevovani
1é¢iv. Misto hledani celého 1é¢iva se hledaji nejprve
jednotlivé malé fragmenty, které maji doplikovy povrch a
vysokou interak¢ni energii k aktivnimu mistu cilového
proteinu. Vybér cilovych proteini byl umoznén soucas-
nym dramatickym rozvojem metod molekularni biologie,
genetiky a pribuznych disciplin. Principialni prilom v
designu 1€Civ je vyziti fyzikalnich metod screeningu jako je
NMR nebo rtg. krystalografie misto farmakologického
screeningu (HTS). Princip FBDD metody je velmi jedno-
duchy a je zobrazen na obr. 1. Malé fragmenty se nasledné
spoji chemickymi metodami do vétsi molekuly, tak aby
prostorové rozlozeni funkénich skupin bylo stejné jako ve
struktufe protein-ligandovych komplexa. Klasické farma-
kologické nebo biochemické metody obycéejné vibec
nejsou schopné detekovat pozadovanou biologickou akti-
vitu téchto malych fragmentu.

V rtg. metodach se pouziva koktejl 4-10 malych
molekul z knihovny obsahujici fadové 100 sloucenin.
Pokud by byla cilova molekula slozena ze tfi fragmentt je
takova knihovna ekvivalentni knihovné jednoho milionu
testovanych sloucenin. Uvedeny koktejl se aplikuje na

nativni proteinovy krystal, ktery si sam vybere nejvhod-
néjsi slouceninu. Tento proces se opakuje s jinymi
koktejly. Nasledny difrakéni experiment je plné automa-
tizovy a cely krystalograficky screening trva pouze desitky
hodin. Ulohou proteinové krystalografie je uréit typ
navazaného ligandu a jeho pozici v proteinové struktufe.

Metoda

Nase metoda [2] na lokalizaci malych molekul v pro-
tein-ligand komplexech, fazovana rota¢ni-konformacni-
-transla¢ni funkce (PRCTF) je urCitou analogii metody
molekulového nahrazovani (MR). Vseobecné, PRCTF je
principidlni nastroj na lokalizaci molekulovych fragmentt
v elektronové hustoté krystalu a mize byt formulovana
jako

F(t,0,1)=[p, (1), (1,0)dV (1)

kde p. je elektronova hustota krystalu, definovana pro
kouli o objemu V (s polomérem R.) v okoli miizkového
bodu, ktery pfislusi translacnimu vektoru t. p¢ je elektro-
nova hustota hledaného fragmentu. Elektronova hustota
fragmentu je funkci konformace (vektor torznich thli, t) a
orientace (tfi Eulerovy uhly, vektor ). Geometricky stied
fragmentu je umistnén do pocatku souradné¢ho systému.
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Obrazek 1. Princip fragmentové metody designu 1€¢iv.

© Krystalograficka spole¢nost



&

Materials Structure, vol. 19, no. 2 (2012)

&9

Elektronovou hustotu v kouli je mozné popsat pomoci
sférickych harmonickych (Y,) a sférickych Besselovych
[gi(kyr)] funkei (uritad analogie atomovych orbital, s
vyuzitim  hlavniho, orbitalového a magnetického
kvantového Cisla) a rozvojové koeficienty je mozné
vypocitat ze strukturnich faktort:

p(re.0)=>>>"a,.g k, Y, (9,0) )

m

1
anlm :Z(_Z)IYI; (S h’(ph )Rn[ (h’a) (3)
h

Analogicky je mozné urcit
elektronové hustoty fragmentu:

rozvojové koeficienty

2n m oa
buw= | [ [p,0.0,0)S,," sin 0d0dpdr (4)
®=00=0r=0
Orientaci fragmentu je potom mozné pocitat pomoci FFT.
Koeficienty Ciny, se vypocitaji z koeficientd apm a bppm.
Dum jsou Wignerovy matice pro moment hybnosti
pouzivané v kvantové mechanice.

R(a.B,7)=2, Z(Zcm-md;-m (B)]exp[—i(mwm'y)] )

V PRCTF se na lokalizaci fragmentt v elektronové
hustoté, v skuteénosti elektronova hustota vitbec nepou-
ziva. Metoda je implementovana v programu NUT [2].

Pro velmi malé fragmenty, nizké rozliseni nebo nepies-
né faze strukturnich faktorti nema prekryvovy integral (1)
nékdy dostate¢nou schopnost odlisit spravna a faleSna
feseni. Za timto ucelem byl napsan maly program DOK,
ktery pocita interakéni energii mezi ligandem a proteinem
v piislusné proteinové dutiné (cavity). Kombinaci dvou
fyzikalné odlisnych piistupt je mozné eliminovat praktic-
ky vSechna nespravna feseni.
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POPIS DIFRAKCNICH PROFILU POMOCI POJMU MATEMATICKE STATISTIKY

M. Cerniansky
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Podobnost tvaru difrakénich profild s grafickym znézor-
nénim funkci hustoty pravdépodobnosti v matematické
statistice vedla k formalnimu prevzeti nékterych pojmu
matematického aparatu teorie pravdépodobnosti a k jejich
vyuziti pro popis difrakénich profili. Zejména se jednalo o
momenty funkce hustoty pravdépodobnosti, které strucné,
numericky popisuji polohu, rozptyl, asymetrii a plochost
rozlozeni ndhodné proménné.

Podobné tomu, se poloha difrakéniho profilu, kromé
— coz je prvni moment kolem pocatku (soufadnic). Kromé
Sitky v polovi¢ni vySce profilu, nebo kromé integralni
sitky lze Sifku difrakéniho profilu popsat varianci —
druhym centralnim momentem. Asymetrii, resp. plochost
difrakéniho profilu lze kvantitativné popsat pomoci
parametrti souvisejicich se tfetim, resp. ctvrtym momen-
tem.

Jednou z vyhod popisu difrakénich profild pomoci
momentd je to, ze pro funkce svazané relaci konvoluce
plati ur€ité vztahy také pro jejich momenty. Zejména pro

Mo

Pfitom je relace konvoluce u difrakénich profild velmi
dalezita. Vyjadiuje souvislost mezi profilem méfenym,
instrumentalnim a fyzikalnim. Podobn¢ tak mezi profilem
fyzikalnim, profilem od velikosti krystalickych castic a

vy

vov e

Dalsi vyhodou je to, Ze druhy centralni moment — vari-
ance fyzikalniho profilu mé piimou fyzikalni interpretaci
ve smyslu velikosti krystalickych ¢astic a mikrodeformaci.
Ctvrté momenty byly pouzity k uréeni velikosti &astic a
mikrodeformaci v ptipadé, ze je k dispozici jenom jedna
difrakéni linie. V tomto pfipadé — u vyssich momentt —
jsou vsSak vztahy mezi momentami funkci svazanymi
matematické statistiky, resp. teorie pravdépodobnosti dalsi
pojem — kumulanty (semiinvarianty). To je vyhodné
zv1asté namisto vys$sich momentd a v ptipad¢ vice nez dvou
funkci svazanych konvoluci.

Tato prace vznikla v ramci realizace projektu Akademie
ved Ceské republiky — KAN 300100801.
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