Materials Structure, vol. 26, no. 3 (2019)

141

Session IV, Wednesday, June 12

L11

Principle of dominant adhesive mode explains why porous materials improve
crystallization of biological macromolecules

PRINCIP DOMINANTNIHO ADHEZNIHO MODU VYSVETLUJE PROC POREZNI
MATERIALY ZLEPSUJi KRYSTALIZACI BIOLOGICKYCH MAKROMOLEKUL

J. Hasek

Biotechnologicky ustav AV CR, Pramyslova 595, 252 50 Vestec,
hasekjh@seznam.cz

Od dob, kdy byla krystalizace proteinti popsana jiz pred
180 lety v knize F. L. Hiinefelda [1], bylo publikovano
obrovské mnozstvi praci z nichz nékteré zdanlive pripomi-
naji “mysliveckou latinu”. Paralelné s pracemi zdiraznu-
jicimi nutnost vysoké Cistoty vSech slozek krystalizacniho
roztoku existuje mnoho praci prokazateln¢ vykazujicich
pozitivni vliv “necCistost” uvnitf krystalizaéni kapky.
Naptiklad pozitivni vliv pfitomnosti fousu ¢Eerného
kocoura, ziné koné Huculského, kouskt vhodnych zeolitl
[2], kousku nanopdrézniho skla (bioglass 45S5) na bazi
hydroxyapatitu [3], uhlikovych nanotrubicek [4], kousku
polymeru do kterého byly provedené otisky tvaru molekul
cilového proteinu (molekularné imprintované polymery)
[5], folie s uméle zvrasnénym povrchem (zvInéni povrchu
vyvolané ostrym zafezem v plasmové modifikovaném
elastomeru PDMS) [6], kousku slidy s chemicky modifi-
kovanym povrchem [7], atd.

Je zfejmé, ze spoleénym rysem vSech hetero-materiald
s pozitivnim ucinkem na krystalizaci proteind je jejich
povrchova ¢lenitost. Problém je, ze experimentalni pozoro-
vani jsou v téchto pracich doprovdzena pokazdé jinym
teoretickym zdlvodnénim (napf. vys$si koncentraci mole-
kul proteinu v dutinach [7], vysoky el.potencial na ostrych
vybézcich “fraktalniho povrchu” hetero-materialu [6],
atd.), coz znemoznuje optimalizaci téchto materiali. Ani
nejnovéjsi studie drzici se klasického konceptu krystaliza-
ce [8] nedavaji jednoznacné vysvétleni pro¢ proteiny krys-
taluji na hetero-materialech lépe.

Nas princip dominantniho adhezniho modu respektuje
fakt, ze velky povrch molekul proteinu nabizi obvykle
né¢kolik adheznich ploch, které umoziuji nékolik moznych
zptsobti shlukovani molekul proteinu do klastrii. To
odpovida Casto pozorovanému polymorfizmu pfi krystali-
zaci proteind. Pravidelnost (a tedy i stabilita) noveé formo-
vanych krystaliza¢nich zarodk proto silné zavisi na tom,
zdali se ndm podafi spravnym nastavenim krystaliza¢nich
podminek zamezit nejednoznaénému skladani molekul
proteinu do vznikajici pevné faze.

Pokud jde o pozitivni vliv poréznich heterogennich
materiall na krystalizaci, povazujeme za podstatné to, ze
poéry s vhodnymi vlastnosti pfedem orientuji molekuly
proteinu tak, aby se molekuly skladdaly do vznikajicich
klastrii jednozna¢nym zptisobem. Klastry proteinti vznika-
jici ve volném roztoku jsou méné¢ pravidelné, méné
stabilni, jsou vice vystavené okolnim turbulencim a maji
proto pouze kratkou dobu zivota. Naopak v chranéném

prostfedi hetero-materialu jsou tyto klustry pravidelnéjsi a
vyvijeji se ve stabilni krystalova jadra. To nam dava
moznost piipravy difrakéné kvalitngjSich krystald na
povrchu heteromateriadlu a moznost volit vhodnou
polymorfni formu spravnym vybérem hetero-materialu.
Proto je pouziti pdréznich materiald dilezité (kromé
zvyseni presnosti difrakénich metod) téz pro identifikaci,
které mezimolekularni interakce jsou vyznamné pro bio-
logickou aktivitu a které jsou z biologického hlediska méné
dulezité.

Nase dynamicka teorie krystalizace tedy popisuje
proces krystalizace proteint jako vysledek soutéZe mezi
moznymi adhéznimi médy mezi v§emi molekulami Gcast-
nicimi se krystalizace. Princip dominantniho adhezniho
modu, fikajici ze kvalitni krystalickou fazi dostaneme
pouze pokud se nam podaii zajistit dominanci jediného
adhézniho mdédu mezi molekulami proteinu vhodnym
nastavenim krystaliza¢nich podminek [9,10], ndm tedy
dava moznost racionalné ovladat krystalizacni proces. V
¢lanku [11] popisujeme jak lze adhezi mezi molekulami
proteinu ovladat slozenim krystalizacniho roztoku. Zde
ukazeme, ze princip dominantniho adhezniho mddu vys-
vétluje nekonfliktné (a na jednom spoleéném zakladu)
iniciaci krystalizace proteinii pomoci vhodnych hetero-
gennich objektd. UkaZzeme, ze nas piistup vysvétluje
vSechna dostupna experimentalni pozorovani ve vsech
Sesti rozsahlych a dobte fundovanych studiich uvedenych
v uvodu.

Doufame, ze znalost funkce poréznich materialti pfi
krystalizaci umozni optimalizaci sou¢asnych metod krysta-
lizace proteini zaloZzenych na metodé zkousek a chyb
systematickym skanovanim tisicd krystalizacnich pod-
minek. Cilem je nejen zvySeni ucinnosti, spolehlivosti a
presnosti vysledku strukturni analyzy, ale téz mensi spot-
feba cilového proteinu a tspora prace. To by bylo téz z
ekonomického hlediska pfinosem vzhledem k tomu, ze
cena piipravy cilového proteinu ¢asto fadové prevysuje
cenu zlata.
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DIFFERENCES IN CRYSTALLIZATION OF VARIOUS HALOALKANE
DEHALOGENASES

. Kuta Smatanova
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Knowledge of the structure of proteins is a key in identify-
ing and describing the detailed mechanism of biological
processes, the development of therapeutics, the degrada-
tion of pollutants from the environment, etc. One of the
methods used to determine the structure of proteins on
atomic resolution is X-ray crystallography. For many
years, our laboratory has been researching structures of dif-
ferent types and mutant variants of haloalkane dehalo-
genases (HLDs). HLDs are microbial enzymes exhibiting
catalytic activity for the hydrolytic conversion of xeno-
biotics and toxic halogenated aliphatic compounds to the
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corresponding alcohols. To date, several tertiary structures
of these enzymes have been solving by X-ray diffraction
analysis. Although we have several types of newly cloned
enzymes and their mutants, crystallize and structurally
characterize these enzymes is not trivial. In the lecture will
be discussed the complications in the preparation of crys-
tals, the enzyme structures will be described and the reac-
tion mechanism of the dehalogenation reaction will be
outlined.

This research is supporting by the GACR (17-2432185).

DIRECTIONALITY OF DIPOLES OF COFACTORS IN CONTEXT OF CRYSTAL
STRUCTURE

J. Brynda, J. Myskova and J. Lazar

Ustav organické chemie a biochemie AVVCVR, v. v. i., Flemingovo nameésti 542/2 , 166 10 Praha 6,
Ceska Republika
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The popularity of fluorescent proteins comes from their en-
dogenous cofactor [1], which is formed spontaneously
when the backbone of three amino acid residues
(Ser-Tyr-Gly in the green fluorescent protein) cyclizes and
dehydrates [2, 3]. The following oxidation step extends the
aromatic system of the nascent chromophore, which, upon
illumination, exhibits intense fluorescence. The chromo-
phore interacts strongly with neighboring residues within
the 11-stranded B-barrel. Perturbation of the immediate en-
vironment through mutagenesis of key residues results in
protein variants with altered spectroscopic and chemical
properties [4]. Crystals of fluorescent proteins provide a
suitable system for determining directional optical proper-

ties of the corresponding fluorophores. However, knowl-
edge of the orientation of fluorescent protein molecules
within the crystal is a crucial prerequisite.
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SOFTWARE DEVELOPMENT FOR MACROMOLECULAR CRYSTALLOGRAPHY

P. Kolenko'?, M. Maly'?

, J. Stransky?, J. Dohnalek?

" FNSPE, Czech Technical University in Prague, Bfehova 7, Prague 2, CR
2Institute of Biotechnology CAS, v.v.i., Primyslova 595, Vestec near Prague, CR
petr.kolenko@fjfi.cvut.cz

Improvement of computational procedures depends on the
quality of documentation of the software already used and
on many other software functionalities such as availability
of the output files. Furthermore, the new software should
be created in a form that enables easy implementation and
automation in other software packages, such as CCP4 [1]
or PHENIX [2].

A new script baSHELiXir was developed to enable
easy automation of experimental phasing [3]. The script
utilizes SHELXC/D/E calculations in a fully automated
procedure to analyze phasing information of a diffraction
data. The script provides testing of various space groups
and of optimal solvent content. The script is designed to
have minimal software dependencies — the SHELX pack-
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age, GNUplot and bash. baSHELiXir is mainly useful for
on-site data analysis during synchrotron data collection.
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SMALL ANGLE X-RAY SCATTERING OF BIOLOGICAL SAMPLES WITH
LABORATORY EQUIPMENT IN BIOCEV

J. Stransky, J. Dohnalek
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Small angle X-ray scattering (SAXS) serves as one of the
complementary methods of structural biology. SAXS al-
lows both characterization and low resolution structural
studies of macromolecules, with advantage of liquid sam-
ples. Low scattering power of the biological molecules
makes experiments using laboratory equipment very time
consuming, therefore, many users opt for using dedicated
SAXS beamlines at synchrotrons. However, advent of high
flux X-ray sources as MetalJet (Excillum) and hybrid pho-
ton counting detectors as Eiger (Dectris) made rapid analy-
sis more accessible in laboratory.

Centre of Molecular Structure is equipped with
SAXSPoint 2.0 (Anton Paar) instrument with MetalJet
C2+ X-ray source and Eiger 2M detector. Samples can be

loaded to variety of the capillaries using an autosampler.
The set of temperature controlled sample stages include
low noise cell and capillary capable of on-line UV/Vis ab-
sorption spectrometry. The instrument can be routinely
used for sample characterization, measurement of particle
shape, oligomerization state, crystal structure validation
and more.

The Centre of Molecular Structure is supported by: MEYS
CR (LM2015043 CIISB), project Czech Infrastructure for
Integrative Structural Biology for Human Health
(CZ.02.1.01/0.0/0.0/16 _013/0001776) from the ERDEF;
project Structural dynamics of biomolecular systems
(CZ.02.1.01/0.0/0.0/15_003/0000447) from the ERDF.
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RHEOLOGY AND SAXS IN ONE GO WITH A LABORATORY SAXS SYSTEM -
METHOD AND APPLICATIONS
P. M. Worsch, Franz Pirolt, Heiner Santner and H.M.A. Ehmann

Anton Paar GmbH, Anton-Paar-Stralle 20, 8054 Graz, Austria
peter.worsch@anton-paar.com

Material research in all its complexity continuously calls
for new analysis solutions to solve sophisticated issues in
one go. It often requires the visualization of structural in-
formation in the nano scale to complement simultaneous
investigations of the rheological behavior. The RheoSAXS
system from Anton Paar is the first commercially available
instrument that allows using both methods simultaneously
in one setup in the lab. RheoSAXS resolves the combined
information of your sample within minutes.

In this contribution we present a novel experimental
set-up for performing combined Rheo-SAXS studies with
the SAXSpoint 2.0 laboratory SAXS system. The inte-
grated Rheo-SAXS sample stage enables temperature-con-
trolled rheological experiments with in-sifu determination
of shear-induced structural changes of nanostructured ma-
terials on a nanoscopic length scale (from approx. 1 nm to
200 nm) by small-angle X-ray scattering.

The Rheo-SAXS unit includes a rheological sample
compartment which is integrated in the evacuated SAXS
measurement chamber. The rheometer measuring head
comprises a high-precision air-bearing motor which holds
and controls the rheological scattering measuring system in
the SAXS instrument chamber.

We present different combined rheology-SAXS studies
of colloidal systems for investigating shear-induced struc-

RHEOMETER
MEASURING HEAD

DETECTOR

Figure 1. Rheo-SAXS set-up

tural changes at the nanometer level which were performed
with this novel and optimized Rheo-SAXS laboratory
set-up.
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