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-INDUCED DNA CONDENSATION AND CHIRALITY TRANSFER

Tao Wu, Petr Bouø, Valery Andrushchenko
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Flemingovo nam. 2, Prague, 16610, Czech Re pub lic

andrushchenko@uochb.cas.cz

Eu3+-in duced DNA con den sa tion has been re cently stud ied 
with sev eral chiral op ti cal spec tro scopic tech niques and
mi cros copy im ag ing. Cir cu larly po lar ized lu mi nes cence
(CPL) of Eu3+ ions bound to DNA was reg is tered through
Raman op ti cal ac tiv ity (ROA) ex per i ment (Fig ure 1).
CPL/ROA ac tiv ity was ob served in both short-chain and
long-chain DNA. Bind ing of Eu3+ to the long-chain DNA
in duced DNA con den sa tion, as was shown by elec tronic
cir cu lar dichroism (ECD). The DNA con den sa tion was fur -

ther vi su al ized by mi cro scopic im ages em ploy ing emit ted
cir cu larly po lar ized light (Fig ure 1). 

Sup port from the Grant Agency of the Czech Re pub lic
(grants 16-08764Y (TW), 15-09072S (PB) and 16-04902S
(VA)) is grate fully ac knowl edged..
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Fig ure 1. Raman and ROA spec tra of Eu3+-DNA com plex (left) and cir cu larly po lar ized mi cro scopic im age of DNA con densed by Eu3+

ions (right).
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P2

TIME-RESOLVED CRYSTALLOGRAPHY OF PROTEINS 
AT THE LASER DRIVEN X-RAY SOURCES IN ELI BEAMLINES

Borislav Angelov, Miroslav Kloz, Jakob Andreasson

ELI Beamlines, Fyzikalni ustav, A.V.C.R., Prague, Czech Re pub lic,
borislav.angelov@eli-beams.eu

The de vel op ments of novel X-ray sources will al low for
time re solved X-ray scat ter ing and dif frac tion on a femto -
second to mil li sec ond time scale. The uti li za tion of femto -
second la ser pulses for the gen er a tion of X-rays from
plasma opens new op por tu ni ties in the struc tural stud ies of
fast kinetical pro cesses in pro teins. This new tech nol ogy is
dif fer ent from the prin ci ples of op er a tion em ployed at free
elec tron la sers and synchrotrons.  The ELI beamlines fa cil -
ity that is planned to start op er a tion by the end of 2016 in
Dolni Brezany, Czech Re pub lic will give a unique ad van -
tage for time re solved crys tal log ra phy. The gen er ated
pulses will span approx. 100 fs with a rep e ti tion rate of 1
kHz. The scat tered and dif fracted by the pro tein crys tal
X-rays will be counted us ing a Dectris Eiger 1M area de -

tec tor which op er ates at the same frame rate as the source,
i.e. 1 kHz. Such setup can be com bined with sev eral pump
probe la sers to study the fast ki net ics for ex am ple in
photoproteins. For ob tain ing a crys tal lo graphic im age sev -
eral pulses will be nec es sary due to the low flux, nev er the -
less, se rial femto second crys tal log ra phy is be com ing
feasible.

1. B. Rus ; F. Batysta ; J. Èáp ; M. Divoký ; M. Fibrich, et al.
“Out line of the ELI-Beamlines fa cil ity”, Proc. SPIE 8080,
Di ode-Pumped High En ergy and High Power La sers; ELI:
Ultrarelativistic La ser-Mat ter In ter ac tions and Petawatt
Pho ton ics; and HiPER: the Eu ro pean Path way to La ser En -
ergy, 808010, 2011; doi:10.1117/12.890392.
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HUMAN HISTONE DEACETYLASE 6: PROFILING OF DEACYLASE SPECIFICITY

Jiri Pavlicek1, Marat Meleshin2, Zsofia Kutil1, Zeljko Simic2, Zora Novakova1, Dalibor Trapl1,
Mike Schutkowski2, Cyril Barinka1

1In sti tute of Bio tech nol ogy, Acad emy of Sci ences of the Czech Re pub lic, Prumyslova 595, 25242 Vestec,
Czech Re pub lic

2De part ment of Enzymology, In sti tute of Bio chem is try and Bio tech nol ogy, Mar tin-Lu ther-Uni ver sity
Halle-Wittenberg, Kurt-Mothes-Strasse 3, 06120 Halle/Saale (Germany)

In ad di tion to acetylation, sev eral acyl mod i fi ca tions at the
lysine side chain were iden ti fied in vivo in clud ing
formylation, propionylation, butyrylation, crotonylation
and succinylation. Some sirtuin isoforms were re ported to
pref er en tially re move “non-acetyl” func tional groups, but
there are lim ited data on the acyl spec i fic ity of zinc-de -
pend ent histone deacetylases. We sys tem at i cally mapped
the acyl spec i fic ity of hu man histone deacetylase 6

(HDAC6) us ing a panel of carbamoyl phos phate
synthetase 1 de rived pep tides fea tur ing more than 20 acyl
mod i fi ca tions. Our data re vealed for the first time that in
ad di tion to deacetylase, HDAC6 har bors deformylase and
depropionylase ac tiv i ties in vi tro.  En su ing struc ture-func -
tion and mod el ing stud ied pro vided fur ther in sight into
lysine deacylation by HDAC6.
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NOVEL INHIBITION SCAFFOLDS TARGETING HUMAN CYSTEINE CATHEPSINS

J. Benýšek1, Z. Kováøová1, M. Mishra1, J. Brynda1,2, M. Buša1, J. Srp1, 
P. Øezáèová1,2, M. Horn1 and M. Mareš1*

1In sti tute of Or ganic Chem is try and Bio chem is try, Acad emy of Sci ences of the Czech Re pub lic, 16610
Prague, Czech Re pub lic

2In sti tute of Mo lec u lar Ge net ics, Acad emy of Sci ences of the Czech Re pub lic, 16610 Prague,Czech Re pub lic
* mares@uochb.cas.cz 

This work is fo cused on novel struc tural mo tives for in hi bi -
tion of two model hu man cysteine pro teas es, namely
cathepsin K and cathepsin V. Cathepsin V is overexpressed 
in breast and colorectal adenomas and adenocarcinomas
and is a po ten tial on col ogy tar get while cathepsin K is ex -
pressed in os teo clasts and has been eval u ated as a tar get for
os teo po ro sis. We dem on strated that cathepsin V is ef fec -
tively in hib ited by PCPI3 (po tato cysteine pro te ase in hib i -
tor), a 20 kDa pro tein iso lated from po tato tu bers which

be longs to the plant Kunitz-type in hib i tor fam ily. Also, we
iden ti fied syn thetic peptidomimetic com pounds con tain ing 
a nitrile re ac tive war head as po tent in hib i tors of cathepsin
K. Both cathepsins and their ac tive-site mu tants were pro -
duced in the form of re com bi nant pro teins in the P. pastoris 
ex pres sion sys tem and pu ri fied. In hib i tor-cathepsin com -
plexes were pre pared and sub jected to high-through put
crys tal li za tion screen ing. A pre lim i nary crystallographic
model of the complex of PCPI3-cathepsin V is presented.

P5

ATLAS OF PROTEIN HYDRATION – CONNECTING INFORMATION FROM
CRYSTALLOGRAPHY AND AB INITIO CALCULATIONS

Lada Biedermannová, Jiøí Èerný, Bohdan Schnei der

Lab o ra tory of Biomolecular Rec og ni tion, In sti tute of Bio tech nol ogy – BIOCEV, Prumyslova 595, Vestec 252
50, Prague-West, Czech Re pub lic, 
Lada.Biedermannova@ibt.cas.cz

Pro teins func tion in an aque ous en vi ron ment and are
evolutionarily adapted to it. Wa ter mol e cules rep re sent an
in te gral part of pro tein mol e cules and a key de ter mi nant of
pro tein struc ture, dy nam ics and func tion. Pro tein-wa ter in -
ter ac tions gov ern var i ous pro cesses, in clud ing pro tein
fold ing, en zy matic ca tal y sis, and mo lec u lar rec og ni tion.
Wa ter does not sim ply fill up the avail able space around
pro teins, but oc cu pies spe cific sites and forms lo cal ized
clus ters, de ter mined by its hy dro gen-bond ing ca pa bil i ties.
Here we pres ent the newly de vel oped “At las of Pro tein
Hydration” [1]. The at las pro vides sta tis ti cal over view of
the first hydration shell of amino acid res i dues in dif fer ent
conformational states in X-ray crys tal struc tures, and also
vi su al iza tion of wa ter dis tri bu tion and the lo ca tion of the
pre ferred hydration sites us ing JSmol ap plet. The po si tions
and prob a bil i ties of the hydration sites were de rived from
the anal y sis of of a non-re dun dant set of 2818 high res o lu -
tion pro tein crys tal struc tures from the Pro tein Data Bank,
as de scribed in ref. [2]. Be sides the crys tal-based data, the
at las also con tains in for ma tion de rived from ab in itio quan -

tum me chan ics cal cu la tions. For each hydration site the po -
si tion was op ti mized and in ter ac tion en ergy was cal cu lated
at the level of DFT-D (RI-TPSS/TZVP aug mented with
em pir i cal dis per sion term) with the sol va tion ef fects de -
scribed us ing COSMO. These cal cu la tions show that the
ma jor ity of hydration sites are lo cated in lo cal en ergy min -
ima. The cal cu lated in ter ac tion en er gies help to as sess the
pref er ence of wa ter for the in di vid ual hydration sites. 

The at las of con for ma tion-spe cific hydration of amino
acid res i dues in pro teins could find ap pli ca tions in the de -
vel op ment of more pre cise wa ter place ment al go rithms in
struc tural bioinformatics ar eas such as crys tal lo graphic re -
fine ment, pro tein struc ture pre dic tion, com pu ta tional drug
de sign and pro tein-pro tein dock ing. The At las of Pro tein
Hydration website is available at www.dnatco.org/atlas. 

1. www.dnatco.org/atlas 

2. Biedermannova, L., Schnei der, B. Struc ture of the or dered
hydration of amino ac ids in pro teins: anal y sis of crys tal
struc tures. Acta Crystallographica D, 71, 2015. doi:
10.1107/S1399004715015679. ISSN 1399-0047.

http://www.dnatco.org/atlas
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FUNCTIONAL CHARACTERISATION OF NOVEL CYSTEINE PROTEASE INHIBITOR
FROM FASCIOLA HEPATICA

Michal Buša1, Zuzana Matoušková1,  Pavla Sojková-Bartošová2, Jiøí Vondrášek1, 
John Dal ton3, Mi chael Mareš1, Saša Štefaniè4

1In sti tute of Or ganic Chem is try and Bio chem is try, Acad emy of Sci ences of the Czech Re pub lic, 
16610 Prague, Czech Republic

2In sti tute of Par a si tol ogy, Acad emy of Sci ences of the Czech Re pub lic, 37005 Ceske Budejovice, 
Czech Re pub lic 

3School of Bi o log i cal Sci ences, Queen’s Uni ver sity, BT9 7BL Bel fast, North ern Ire land

4In sti tute of Par a si tol ogy, Uni ver sity of Zu rich, 8057 Zu rich, Swit zer land, sasa.stefanic@uzh.ch

Fasciolosis caused by the liver fluke Fasciola he pat ica is a
world wide spread par a sitic dis ease of do mes tic ru mi nants
re spon si ble for con sid er able eco nomic losses in the cat tle
in dus try. In ad di tion, fasciolosis is now rec og nized as an
emerg ing hu man dis ease. This work is fo cused on FhCY2,
a mem ber of cystatin superfamily en coded by F. he pat ica.
FhCY2 is ex pressed from metacercarial to adult stages in
sev eral tis sues and also found in F. he pat ica ex cre tory-se -
cre tory prod ucts (ESP). Se quence align ment anal y sis and
homology mod el ling re vealed that FhCY2 be longs to the
type 1 cystatin (stefin) fam ily, but sur pris ingly it has also
typ i cal fea tures of mam ma lian mem bers of the type 2

cystatin fam ily, in clud ing two disulfide bridges and a sig -
nal se quence. Re com bi nant FhCY2 showed a broad in hib i -
tory spec i fic ity to wards var i ous mam ma lian cysteine
cathepsins and ESP pro teas es, in clud ing cathepsin L1
(FhCL1), the most abun dant ESP pro te ase. FhCL1 was
pro duced by re com bi nant ex pres sion as a sta ble ac tive-site
mu tant and used for the prep a ra tion of FhCL1-FhCY2
com plex for crys tal lo graphic anal y sis. We pro pose that
FhCY2 acts as a phys i o log i cal reg u la tor of en dog e nous
par a site pro teas es as well as mod u la tor of the host
proteolytic sys tem, and rep re sents a po ten tial vac ci na tion
tar get.

P7

TOWARDS STRUCTURE OF HelD – A PARTNER PROTEIN OF RNAP IN GRAM
POSITIVE BACTERIA

J. Dohnálek1, T. Kova¾1, M. Trundová,1 J. Wiedermannová2, P. Sudzinová,2 
A. Rabatinová,2 H. Šanderová,2 O. Ramaniuk,2 Š. Rittich, P. Halada,2 L. Krásný2

1In sti tute of Bio tech nol ogy CAS, v.v.i., Biocev, Prùmyslová 595, Vestec, 252 42 Jesenice u Prahy, 
Czech Re pub lic

2In sti tute of Mi cro bi ol ogy CAS, v. v. i., Vídeòská 1083, 14220 Praha 4, Czech Re pub lic
dohnalek@ibt.cas.cz

The multisubunit pro tein com plex - bac te rial RNA poly -
mer ase - em ploys a pro tein part ner called HelD. We have
char ac ter ised this pro tein from Ba cil lus subtilis (1, 2).
HelD stim u lates tran scrip tion in an ATP-de pend ent man -
ner by en hanc ing transcriptional cy cling and elon ga tion. Its 
ef fect can be am pli fied by sub unit delta. Based on se quence 
homology HelD be longs to the superfamily of DNA and
RNA helicases, pos sesses an ATP bind ing cas sette but its
struc ture and mo lec u lar de tail of func tion can not be eas ily
in ferred from the knowl edge about the model helicases
UvrD and Rep from E. coli. HelD in ter acts with the RNAP
core be tween the sec ond ary chan nel of RNAP and the al -
pha sub units and is highly likely ca pa ble of DNA/RNA
bind ing. We have ex ten sively stud ied the role of HelD in
tran scrip tion ini ti a tion and elon ga tion, its bio phys i cal
prop er ties, se quence and do main struc ture and co-stimu -
latory ef fects (2). 

In our ef fort to gain in sights into the struc ture-func tion
re la tion ship of this RNAp part ner we have re cently cloned,
expresed and pu ri fied sev eral homologs from other or gan -
isms – Ba cil lus atrophaeus, Geobacillus stearother -
mophillus and My co bac te rium smegmatis. Bio phys i cal
char ac teri sa tion and ini tial SAXS ex per i ments help op ti -
mize these tar gets for further structural studies.

1. O. Delumeau, F. Lecointe, J. Muntel, et al., Proteomics,
2011, 11, 2992–3001.

2. J. Wiedermannova, P. Sudzinova, H. Sanderova, et al., Nu -
cleic Ac ids Res., 2014, 42, 5151-5163.

This work is sup ported by the pro ject „BIOCEV – Bio tech -
nol ogy and Biomedicine Cen tre of the Acad emy of Sci ences 
and Charles Uni ver sity (CZ.1.05/1.1.00/02.0109), from
the ERDF and by the Czech Sci ence Foun da tion (grant No. 
15-05228S).
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PROLYL OLIGOPEPTIDASE FROM THE BLOOD FLUKE SCHISTOSOMA MANSONI:
DESIGNING ACTIVE-SITE INHIBITORS WITH ANTI-SCHISTOSOMAL ACTIVITY

Pavla Fajtová1, Saša Štefaniæ2, Mar tin Hradilek1, Jan Dvoøák1,3, Jiøí Vondrášek1, 
Adéla Jílková1, Lenka Ulrychová1, James H. McKerrow4, Conor R. Caffrey4, Mi chael Mareš1,

Mar tin Horn1*
1In sti tute of Or ganic Chem is try and Bio chem is try, Acad emy of Sci ences of the Czech Re pub lic, Flemingovo

nam. 2, Prague, Czech Re pub lic, *horn@uochb.cas.cz
2In sti tute of Par a si tol ogy, Uni ver sity of Zu rich, Winterthurerstrasse 266, Zu rich, Swit zer land

3School of Bi o log i cal Sci ences, Queen´s Uni ver sity Bel fast, 97 Lisburn Road, Bel fast, United King dom
4Skaggs School of Phar macy and Phar ma ceu ti cal Sci ences, 9500 Gilman Drive, Uni ver sity of California San

Diego, California, USA

Blood flukes of the ge nus Schistosoma cause schis to so mi a -
sis, a par a sitic dis ease that in fects over 240 mil lion peo ple
world wide, and there is a need to iden tify new tar gets for
chemotherapeutic in ter ven tions. Schistosoma mansoni
prolyl oligopeptidase (SmPOP) from the serine peptidase
fam ily S9 has not been in ves ti gated in de tail, so far. We
dem on strated that SmPOP is ex pressed in adult worms and
schistosomula in an en zy mat i cally ac tive form. By
immunofluorescence mi cros copy, SmPOP is lo cal ized in
the teg u ment and pa ren chyma of both de vel op men tal
stages. SmPOP was pro duced in the bac te rial ex pres sion

sys tem and its ac tive site spec i fic ity was in ves ti gated us ing
syn thetic sub strate li brar ies and a SmPOP homology
model. SmPOP is a true oligopeptidase that hydrolyzes
pep tide (but not pro tein) sub strates with a strict spec i fic ity
for Pro at P1. Both the re com bi nant en zyme and live worms 
cleave host vasoregulatory, proline-con tain ing hor mones
such as an gio ten sin and bradykinin. Fi nally, we de signed
nanomolar in hib i tors of SmPOP that are ef fec tive against
schisto somes. Our re sults sug gest that SmPOP plays a role
in host-par a site in ter ac tions and is a po ten tial tar get for the
de vel op ment of anti-schistosomal drugs.

P9

NOVEL STRUCTURE OF MEMBRANE NANODISC

Tereza Gerguri1 and Rob ert Vácha2

1Fac ulty of Sci ence and 2CEITEC, Masaryk Uni ver sity, Kamenice 5, 625 00 Brno, Czech Re pub lic
gerguri.tereza@gmail.com

Transmembrane pro teins are es sen tial part of nu mer ous
cell pro cesses, how ever, the pu ri fi ca tion and struc ture de -
ter mi na tion of transmembrane pro teins re mains chal leng -
ing and typ i cally re quires de ter gents that par tially
sub sti tute mem brane en vi ron ment. Re cently, a mem brane
nanodisc has been de vel oped to over come these dif fi cul -
ties and pro vide a nat u ral lipid en vi ron ment. This at trac tive 
bio tech no log i cal tool con sists of a nat u ral bilayer patch sta -
bi lized by a mem brane scaf fold pro teins (MSP) such as
mod i fied ver sion of hu man apolipoprotein [1]. De spite the
nanodisc’s suc cess in iso la tion, pu ri fi ca tion, crys tal lo -
graphic and NMR stud ies of transmembrane pro teins, the
main lim i ta tion of its use is size de ter mined by fixed size of
MSP that can not be al tered eas ily and thus re duc ing the po -
ten tial uti li za tion of mem brane nanodiscs. 

We pres ent a dozen of de signed se quences for amphi -
philic he li ces that can be used as a re peat ing unit for MSPs

whose length could be eas ily al tered by ad di tion of re moval 
of the he li ces and thereby mod ify the di am e ter of nanodisc.
Our coarse-grained sim u la tions dem on strated that the de -
signed he li ces pos ses nec es sary per pen dic u lar ori en ta tion
on the mem brane edge and thus are likely to form a novel
model on mem brane nanodisc with so called pro tein fence
struc ture. In this struc ture, he li ces tend to ori ent per pen dic -
u larly to the mem brane and do not re main par al lel to the

mem brane as pre dicted for dou ble-belt struc ture [2]. 

1. Schuler, M.A., Denisov, I.G., Sligar, S.G., Meth ods in mo -
lec u lar bi ol ogy (Clifton, NJ)., 2013, 974, 415-433.

2. Bayburt, T. H., Grinkova, Y. V., Sligar, S. G., Nano Let -
ters., 2002, 8, 853.
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CRYSTAL STRUCTURE OF HONEY BEE HEXAMERIN 70b AT 3.2 C RESOLUTION

M. Gondová

Fac ulty of Sci ence, Masaryk Uni ver sity, Kotlárská 2, 611 37 Brno

Hexamerins are pro teins re lated to hemocyanins but they
lack the abil ity to bind cop per ions and trans port ox y gen.
Hexamerin is the most abun dant pro tein in honey bee (Apis 
mellifera) lar vae and pu pae. It is pro duced by lar val fat
body and serves mainly as a stor age of amino ac ids but
there is an ev i dence that it may act also as a ju ve nile hor -
mone-bind ing pro tein. There are four types of hexamerin
genes in honey bees, termed hex70a, hex70b, hex70c and
hex110, which dif fer in the struc ture and ex pres sion pat -
terns. The Hex70b is a methionine-rich hexamerin and it
may serve as a sul phur re serve for de vel op ment to ward the

adult stage [1]. Here we pres ent a crys tal struc ture of honey 
bee Hex70b. Hex70b was pu ri fied from honey bee pu pae
and crys tal lized. The three-di men sional struc ture has been
solved to 3.2 C res o lu tion us ing mo lec u lar re place ment.
The struc ture pro vides a ba sis for fur ther stud ies of honey
bee life cy cle where par tic i pa tion of hexamerin is es sen tial.

1.     Mar tins JR, et al. 2010. The four hexamerin genes in the
honey bee: struc ture, mo lec u lar evo lu tion and func tion de -
duced from ex pres sion pat terns in queens, work ers and
drones. BMC Mol Biol. 11: 23.

P11

NUCLEOSIDE N-RIBOHYDROLASES AND ADENOSINE KINASES IN MAIZE 
(ZEA MAYS)

Radka Konèitíková1, Eva Hájková1, Martina Kopeèná1, Armelle Vigouroux2, Solange Moréra2

Da vid Kopeèný1

1De part ment of Pro tein Bio chem is try and Proteomics, Cen tre of the Re gion Hana for Bio tech no log i cal and
Ag ri cul tural Re search, Fac ulty of Sci ence, Palacký Uni ver sity, Olomouc, Czech Re pub lic

2Laboratoire d’Enzymologie et Biochimie Structurales, CNRS, Gif-sur-Yvette, France 

Nu cleo sides and nucleobases can be re cy cled to nucleoside 
monophosphates, which is also known as sal vage path way
pre serv ing an en ergy, which would oth er wise be needed
for de novo syn the sis of pu rine and py rim i dine de riv a tives.
In plants, both uridine kinase (UK, E.C. 2.7.1.48) and ura -
cil phosphoribosyl transferase act on the py rim i dine sal -
vage path way. In pu rine sal vage, an im por tant role has
been shown for adenosine kinase (AK, E.C. 2.7.1.20) and
ad e nine phosphoribosyltransferase. Pu rine and py rim i dine
nu cleo sides are hy dro lyzed by nucleoside N-ribo hy dro -
lases (NRHs, E.C. 3.2.2.-) to cor re spond ing ni trog e nous
bases and ribose. There are two NRH sub classes in the
plant king dom; one pref er en tially tar gets the pu rine
ribosides inosine and xanthosine while the other is more
ac tive to wards uridine and xanthosine.

In this work, we fo cused on pu rine me tab o lism and
interconversion of plant hor mones cytokinins, which are
N6-sub sti tuted ad e nine/adenosine de riv a tives. We an a -
lyzed spa tial and tem po ral ex pres sion of all five NRH and
three ADK genes pres ent in maize (Zea mays). Tran scripts
of ADK2 were the most abun dant of all three ADKs in all
or gans and de vel op men tal stages. Tran scripts of NRH1a,
NRH2a and NRH3 genes are the most abun dant in leaves

while roots con tain mainly NRH1b and NRH3 tran scripts.
Pro tein se quences of ADKs com prise ~ 340 amino ac ids
and are monomeric. Those of NRHs en com pass ~ 320
amino ac ids and en zymes are dimeric. NRHs im pose a
strict spec i fic ity for the ribose moi ety. In con trast, the res i -
dues in ter act ing with nucleobase highly vary. We com -
bined a site-di rected mu ta gen e sis ap proach with ki netic
and struc tural anal y ses to study nucleoside bind ing sites in
two NRHs, namely NRH2b and NRH3. The crys tal struc -
tures of both NRHs were solved at 1.75 and 2.51C res o lu -
tion, re spec tively. Five NRH2b vari ants and seven NRH3
vari ants were stud ied in de tail. Re place ment of two ac -
tive-site histidine res i dues by alanine led to two-fold lower
spe cific ac tiv i ties. Re place ment of a lysine res i due, which
pro trudes into the ac tive site from the sec ond sub unit and
in ter acts with nucleobase, re duced the spe cific ac tiv ity but
in creased hy dro ly sis of cytokinin ribosides isopentenyl
adenosine (iPR) and trans-zeatin riboside (ZR). Re place -
ment of the ac tive-site tryptophan res i due in NRH3 also in -
creased hy dro ly sis of cytokinin ribosides.

This work was sup ported by grant 15-22322S from the
Czech Sci ence Foun da tion and grant IGA_PrF_2016_024
from Palacký Uni ver sity.
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DYNAMICS OF ClC-ec1 D417C MUTANT FORM STUDIED BY
HYDROGEN/DEUTERIUM EXCHANGE

Jiri Hausner, Petr Man, Petr Novak, Dan iel Kavan

Fac ulty of Sci ence, Charles Uni ver sity in Prague, De part ment of Bio chem is try, Albertov 6, 12843 – Praha 2, 
hausnerj@natur.cuni.cz

In sti tute of Mi cro bi ol ogy, CAS v.v.i., Videnska 1083, 14220 – Praha 4

Chlo ride chan nels be long to an ex ten sive fam ily of trans -
membrane pro teins, whose dys func tion causes a wide
range of ill nesses [1]. A de tailed study of the struc tural
changes dur ing trans port en ables us to un der stand the
trans port mech a nism and can pro vide valu able in for ma tion 
re quired for ef fec tive treat ment.

Bac te rial chlo ride chan nel from E. coli (ClC-ec1),
whose struc ture has been solved by X-ray crys tal log ra phy,
is widely used as a model pro tein for stud ies of the trans -
port mech a nism. ClC-ec1 is a homodimer and each of its
sub units con sist of two top o log i cally re lated do mains in an
antiparallel ar chi tec ture ar range ment [2]. This so called
‘’in verted to pol ogy re peats’’ pro pose ex is tence of an ‘out -
ward-fac ing’ (OF) and an ‘in ward-fac ing’ (IF) shapes.
How ever the crys tal struc ture traps the protein in an
occluded state.

In a re cent work [3], Khantwal, Abra ham et al. have
dis cov ered new pre vi ously uncharacterized ‘out ward-fac -

ing open’ state us ing cross-link ing of Y419C and D417C
mu tants stud ied by NMR and DEER tech niques. Our aim is 
to ob tain more in for ma tion about this new state by use of
hy dro gen/deu te rium ex change that en ables us to mon i tor
dy namic conformational changes un der dif fer ent con di -
tions (pH, var i ous con cen tra tions of chlo ride an ions) di -
rectly in so lu tion.

Fi nan cial sup port from Charles Uni ver sity in Pragu (GA
UK no. 389115) and Eu ro pean Re gional De vel op ment
Funds (CZ.1.05/1.1.00/02.0109) is grate fully ac knowl -
edged.

1. Chen, T., Annu. Rev. Physiol., 2005, 67, 809-837.

2. Dutzler, R., Camp bell, E.B., Cadene, M., Chait, B.T.,
MacKinnon, R., Na ture, 2002, 415, 287-294.

3. Khantwal, C.M., Abra ham, S.J., Han, W., Elife, 2016.

P13

INHIBITORY BINDERS DERIVED FROM ABD-DOMAIN SCAFFOLD TARGETING
HUMAN IL-17RA RECEPTOR AS AN ALTERNATIVE FOR MODULATION OF

Th17-MEDIATED PRO-INFLAMMATORY AXIS

Ma rie Hlavnièková1, Mi lan Kuchaø1, Radim Osièka2, Lucie Mareèková1, Hana Petroková1 and
Petr Malý1

1In sti tute of Bio tech nol ogy AS CR, v. v. i. Prùmyslová 595, Vestec, 252 42 Jesenice u Prahy,
 2In sti tute of Mi cro bi ol ogy AS CR, v. v. i. Vídeòská 1083, 142 20 Prague, Czech Re pub lic

ma rie.hlavnickova@ibt.cas.cz, petr.maly@ibt.cas.cz

Interleukin 17 (IL-17) and its cog nate re cep tor (IL-17RA)
[1] play a cru cial role in Th17 cells-me di ated pro-in flam -
ma tory path way and pathogenesis of sev eral au to im mune
dis or ders in clud ing pso ri a sis. Pso ri a sis is a chronic in flam -
ma tory skin dis ease with prev a lence up to 3% world wide it
is char ac ter ized by hy per pla sia of the epi der mis, in fil tra -
tion of leu ko cytes into both dermis and epi der mis, and di la -
tion and growth of blood ves sels. IL-17 is mainly pro duced
by Th-17 helper cells and, via bind ing to its re cep tor, me di -
ates IL-17-driven cell sig nal ing in keratinocytes [2].

This work was aimed to gen er ate a novel pro tein bind -
ers of IL-17RA that will pre vent from bind ing of IL-17 to
this re cep tor ex pressed on the sur face of keratinocytes. To
this goal, we used a high-com plex com bi na torial li brary
de rived from a scaf fold of al bu min-bind ing do main (ABD) 
of strep to coc cal pro tein G [3], and ri bo some dis play se lec -
tion, to yield a col lec tion of ABD-de rived high-af fin ity lig -
ands of hu man IL-17RA, called ARS bind ers. From 67

ana lysed ABD vari ants, 7 dif fer ent se quence fam i lies were
iden ti fied. Rep re sen ta tives of these groups com peted with
hu man IL-17A for bind ing to re com bi nant IL-17RA re cep -
tor as well as with IL-17RA-IgG chi mera, as tested in
ELISA. Five ARS vari ants bind to IL-17RA-ex press ing
THP-1 and Raji cells, as tested by flow cytometry, and four
vari ants ex hib ited high-af fin ity bind ing in nanomolar
range to hu man keratinocyte HaCAT cells, as mea sured us -
ing LigandTracer Green Line sys tem. Thus, we iden ti fied
sev eral ARS in hib i tory vari ants with a block ing potential
that will be further tested for their immunomodulatory
function.

1. Song X., Qian Y.: Cytokine 62 (2), 175-182. (2013).

2. Garber K.: Nat. Biotechnol. 30, 475-477. (2012).

3.    Ahmad J.N., Li, J., Biedermannová L., Kuchaø M., Šípová
H., Semeradtová A., Èerný J., Petroková H., Mikulecký P.,
Polínek J., Stanìk O., Vondrášek J., Homola J., Malý J.,



Ó Krystalografická spoleènost

Ma te ri als Struc ture, vol. 23,  no. 1 (2016)       33

Osièka R., Šebo P., Malý P.: Pro teins. 80(3), 774-789.
(2012).

This study was sup ported by the Grant BIOCEV
CZ.1.05/1.1.00/02.0109 from the ERDF fund and In sti tu -
tional Re search Con cept No. RVO 86652036.
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STRUCTURAL STUDY OF THE INTRACELLULAR DOMAINS OF THE ETHYLENE
RECEPTOR ETR1 FROM ARABIDOPSIS THALIANA

Zuzana Jaseòáková, Agnieszka Szmitkowska, Blanka Pekarová, Jan Hejátko, 
Lukáš Žídek

 Cen tral Eu ro pean In sti tute of Tech nol ogy (CEITEC) and Na tional Cen tre for Biomolecular Re search,
Masaryk Uni ver sity, Kamenice 753/5, 625 00 Brno, Czech Re pub lic

jasenakova@ceitec.muni.cz

Eth yl ene acts as a gas eous hor mone that con trols nu mer ous 
as pects of plant growth and de vel op ment. In Arabidopsis,
the eth yl ene sig nal ing cas cade is ini ti ated upon eth yl ene
bind ing to the eth yl ene re cep tors ETR1, ERS1, ETR2,
ERS2 and EIN4, lo cal ized at the endoplasmic re tic u lum,
and pro ceeds via the path way con tain ing the Raf-like
serin/threonine (S/T) kinase CTR1 act ing up stream of
EIN2 and EIN3. How ever, ETR1 re cep tor pos sesses all se -
quence mo tifs of ca non i cal histidine kinase (HK) do mains
in clud ing HK ac tiv ity, nec es sary for the sig nal trans -
duction via par al lel multistep phosphorely (MSP) path way, 
me di at ing a wide spec trum of re sponses in clud ing plant
hor mones cytokinins. Ac cu mu lat ing ev i dence sug gests a
role of ETR1 in in te grat ing eth yl ene rec og ni tion with MSP
me di ated sig nal ing.

The main ob jec tive of our work is the struc tural de ter -
mi na tion and un der stand ing of ETR1 fea tures which will
help us to elu ci date the struc tural as pects and HK ac tiv ity

of ETR1 in the eth yl ene/MSP cross-talk. We  pre pared 15N- 
la belled pro tein sam ples of ETR1 HK and re ceiver do main
(RD) at high con cen tra tions nec es sary for nu clear mag netic 
res o nance (NMR) spec tros copy. Ti tra tion tri als with di va -
lent ions (Mg2+, Mn2+) were per formed in or der to de ter -
mine whether the ions af fect the ETR1RD struc ture. Mi nor
changes were ob served in the pres ence of Mg2+ in sev eral
res i dues, but in region distant from the phosphorylation
site. 

Fur ther more, we in ves ti gated pos si ble in ter ac tions be -
tween the re ceiver and HK do mains. Our pre lim i nary re -
sults from NMR mea sure ments in di cate com plex
for ma tion and un der go ing struc tural changes on RD in -
clud ing its phosphorylation site. Be cause of the large com -
plex size of ap prox i mate 75 kDa, ex pres sion and
pu ri fi ca tion must be op ti mized for struc tural stud ies ap pli -
ca ble to large proteins (segmental labelling, deuteration). 

Sup ported by 13-25280S and LQ1601.
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STRUCTURE AND DYNAMICS OF THE MEMBRANE-ANCHORED CYTOCHROME
P450 1A2-CYTOCHROME B5 COMPLEX

Petr Jeøábek1, Jan Florián2, Václav Martínek1,3*
1De part ment of Bio chem is try, Charles Uni ver sity in Prague, Fac ulty of Sci ence, Albertov 2030, 128 43

Prague 2, Czech Re pub lic
2De part ment of Chem is try and Bio chem is try, Loyola Uni ver sity Chi cago, 1032 W. Sheridan Rd., Chi cago, IL

60660, USA
3De part ment of Teach ing and Didactics of Chem is try, Charles Uni ver sity in Prague, Fac ulty of Sci ence,

Albertov 3, 128 43 Prague 2, Czech Re pub lic

Eukaryotic cytochromes P450 (P450) are mem brane bound 
en zymes ox i diz ing a broad spec trum of hy dro pho bic sub -
strates in clud ing xenobiotics. Pro tein-pro tein in ter ac tions
play a crit i cal role in this pro cess. In par tic u lar, the for ma -
tion of tran sient com plexes of P450 with an other pro tein of
the endoplasmic re tic u lum mem brane, cytochrome b5 (cyt
b5), dic tates cat a lytic ac tiv i ties of sev eral P450s. To lay
struc tural foun da tion for the in ves ti ga tion of these ef fects
we used mi cro sec ond all-atom mo lec u lar dy nam ics (MD)
sim u la tions to iden tify three sta ble bind ing modes (sAI,

sAII, and sB) be tween sol u ble do mains of hu man P450
1A2 and cyt b5 in aque ous so lu tion, and ex am ined these
bind ing modes in the full-length com plex (mAI, mAII, and
mB)  us ing multi-scale mod el ing tech niques. The mem -
brane-span ning transmembrane do mains of both pro teins
were spon ta ne ously as sem bled from the pro -
tein/phospholipid/wa ter mix ture us ing coarse-grained
MARTINI force field, and the full-length com plexes rep re -
sent ing all three bind ing modes in the solvated
dilauroylphosphatidylcholine bilayer were sim u lated us ing 
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all-atom MD. The X-shaped con tact be tween antiparallel
transmembrane do mains of P450 1A2 and cyt b5 that was
es tab lished dur ing the coarse-grained MD was pre served in 
the all-atom MD. In the mem brane en vi ron ment, modes
mAI and mB were re tained in es sen tially un changed form,
whereas the mAII mode was ex cluded as top o log i cally im -
pos si ble. The mu tual po si tion of do mains in bind ing mode
mAI is anal o gous to the most fa vor able struc ture of the

P450 1A2 - cyt b5 com plex iden ti fied pre vi ously for sol u -
ble do mains. Fea tur ing the larg est con tact area, the small est 
struc tural flex i bil ity,  the short est elec tron trans fer dis tance
and the larg est num ber of inter-pro tein salt bridges, the
mAI mode is the best can di date for the cat a lyt i cally rel e -
vant full-length com plex.

P16

PREPARATION OF HUMAN NK CELL ACTIVATION RECEPTOR NKp80 AND ITS
LIGAND AICL

Barbora Kalousková, Jiøí Nový, Jan Bláha, Ondøej Vanìk

De part ment of Bio chem is try, Fac ulty of Sci ence, Charles Uni ver sity in Prague, Hlavova 2030, 12840 Prague
2, Czech Re pub lic

kalouskb@natur.cuni.cz

Nat u ral killer cells (NK cells) play a key role in in nate im -
mu nity. Their func tion is to rec og nize and kill in fected,
stressed or ma lig nantly trans formed cells. A range of sur -
face re cep tors pro motes this rec og ni tion. Cytotoxic mech a -
nisms lead to in duc tion of apoptosis in the tar get cell [1].
Ac ti vat ing and in hib i tory NK cell re cep tors (NCRs) can be
sub di vided into im mu no glob u lin-like fam ily and C-type
lectin-like fam ily. NCR NKp80 and its myeloid-spe cific
ac ti vat ing ligand AICL are both C-type lectin-like re cep -
tors (CTLRs) with C-type lectin-like do main (CTLD) [2].
Immunocomplex NKp80-AICL pro motes lysis of ma lig -
nant myeloid cells, me di ates crosstalk be tween NK cells
and monocytes, is en gaged in cytokine re lease and con trib -
utes to ini ti a tion of im mune re sponse dur ing in flam ma tion
[3].

AICL ectodomain con tains odd cysteine which is be -
lieved to be re spon si ble for for ma tion of dimers on the cell
sur face. How ever, this cysteine in po si tion 87 is not con -
served, com pared to other CTLD re cep tors. AICL
ectodomain was ex pressed in E. coli BL21 Gold (DE3)
strain as in clu sion bod ies and we have found out that upon
mu ta tion of this cysteine to serine (C87S mu ta tion) the
yield of sub se quent in vi tro refolding and pu ri fi ca tion as
well as the sta bil ity of pre pared pro tein are greatly en -
hanced compared to wild-type construct.

We used mam ma lian ex pres sion sys tem of mod i fied
hu man em bry onic kid ney cell line 293 (HEK293) to pro -
duce glycosylated NKp80 ectodomain. Un for tu nately,
tran sient transfection was not suc cess ful. Us ing
pOPINTTGneo plasmid as well as PiggyBac clon ing sys -
tem we were able to cre ate sta ble cell lines ex press ing sol u -
ble extracellular parts of NKp80 in con sti tu tive or
in duc ible way. Thanks to these ap proaches, we are able to
pro duce both pro teins in suf fi cient amount to ini ti ate struc -
tural stud ies us ing an a lyt i cal ul tra cen tri fuge, dy namic light 
scat ter ing and fi nally crys tal li za tion of this
immunocomplex.

This study was sup ported by Czech Sci ence Foun da tion
(15-15181S), Charles Uni ver sity (UNCE 204025/2012,
SVV 260079/2014), BioStruct-X and In struct Eu ro pean in -
fra struc ture pro jects.

1. Delves, P.J. and Roitt, I.J., Roitt’s Es sen tial Im mu nol ogy,
12th ed., Wiley-Blackwell, 2011, 26-29.

2. Stern-Ginossar, N. and Mandelboim, O., Re cep tors on NK
cells, in: Lotze, M.T. and Thomson, A.W., Nat u ral Killer
Cells: ba sic sci ence and clin i cal ap pli ca tion, 1st ed.,
Elsevier/Ac a demic Press, 2010, 155-168.

3. Welte, S., Kuttruff, S., Waldhauer, I. and Steinle, A., Nat.
Immunol., 2006, 7, 1334-1342.
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ARTIFICIAL PROTEINS MODULATE ALLOSTERY OF PDZ3 AND SH3 IN TWO
DOMAINS CONSTRUCTS. A COMPUTATIONAL CHARACTERIZATION OF NOVEL

CHIMERIC PROTEINS

Palani Kirubakaran, Lucie Pfeiferová, Jiøí Vondrášek*

In sti tute of Or ganic Chem is try and Bio chem is try, Flemingovo námìstí 2, Prague 6, 160 10, Czech Re pub lic.
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Ar ti fi cial multi-do main pro teins with in creased struc tural
and func tional prop er ties can be uti lized in a broad spec -
trum of ap pli ca tions. The de sign of chi me ric fu sion pro -
teins uti liz ing pro tein do mains or one-do main miniproteins 
as build ing blocks is an im por tant ad vance ment for the cre -
ation of new biomolecules for bio tech nol ogy and med i cal
ap pli ca tions. How ever, we crit i cally miss com pu ta tional
stud ies to de scribe in de tails dy nam ics and ge om e try prop -
er ties of two do main con structs made from struc tur ally and
func tion ally dif fer ent pro teins. In this ar ti cle we at tempt to

test our in silico de sign strat egy us ing all-atom ex plicit sol -
vent mo lec u lar dy nam ics sim u la tions. The well char ac ter -
ized PDZ3 and SH3 do mains of hu man zonula occludens
(ZO-1) (3TSZ) along with other 5 ar ti fi cial do mains and
two kind of mo lec u lar link ers were se lected to con struct
chi me ric two do mains mol e cules. The in flu ence of the ar ti -
fi cial do mains on the struc ture and dy nam ics of the  PDZ3
and SH3 were de ter mined us ing a range of anal y sis. This
ap proach al lowed us to de scribe the ar ti fi cial do mains as
allostery mod u la tors of the PDZ3 and SH3 domains.

P18

HOW Min SYSTEMS FROM CLOSTRIDIA SPECIES HELPS TO FIND THE MID-CELL
SITE DURING CELL DIVISION?

E.  Krascsenitsová, J. Makroczyová, N. Labajová, J. Jamroškoviè and I. Barák

De part ment of Mi cro bial Ge net ics, In sti tute of Mo lec u lar Bi ol ogy, Slo vak Acad emy of Sci ences, Dúbravská
cesta 21, 845 51 Bratislava, Slovakia

imrich.barak@savba.sk

Bac te rial cell di vi sion be gins with poly mer iza tion of FtsZ
pro tein and for ma tion of Z-ring, which marks the fu ture
site of the sep tum at the mid-cell. Z-ring serves as a scaf -
fold for di vi sion pro teins, and its proper place ment is cru -
cial for sub se quent steps in cell di vi sion. In rod-shaped
bac te ria, one of the mech a nisms re spon si ble for cor rect
place ment of the di vi sion sep tum is the Min sys tem. The
ac tion of Min sys tem cre ates a con cen tra tion gra di ent of di -
vi sion in hib i tor MinC, which is high est at the cell poles and 
low est at the midcell. The un der ly ing mech a nism fun da -
men tally dif fers be tween Esch e richia coli and Ba cil lus
subtilis though, the core com po nents of the Min sys tem,
MinC and MinD, are evo lu tion ary con served. MinC, the
di rect in hib i tor of FtsZ poly mer iza tion, is at tracted to the
mem brane via MinD, whose lo cal isa tion is in turn de pend -
ent on an other pro tein/s called top o log i cal de ter mi nant.
While in E. coli MinD pro tein un der goes rapid pole-to-
 pole os cil la tion driven by MinE pro tein, in B. subtilis
MinD is an chored to the cell poles via MinJ/ DivIVA com -
plex.

In our pre vi ous study, we have shown that os cil lat ing
Min sys tem of E. coli can be trans planted into B. subtilis.
In ter est ingly, strains in which os cil la tion was ob served
were im paired in sporulation at the step of asym met ric sep -
tum for ma tion [1]. The find ing that os cil lat ing Min sys tem
is not com pat i ble with sporulation might par tially ex plain

why two Min sys tems with such dis tinct mech a nism
evolved for two dif fer ent life cy cles, veg e ta tive growth and 
sporulation. Ge nome-wide search for Min sys tem homo -
logues in se lected Gram-pos i tive endospore-form ing bac -
te ria re vealed that they har bour var i ous combinations of
homologues from both Min systems. 

Two of the spe cies car ry ing a com bi na tion of Min pro -
teins from both sys tems Clostridium difficile (MinCDE,
DivIVA) and Clostridium beijerinckii (MinCDE, MinJ/
DivIVA) have been cho sen for our fur ther stud ies. Here we 
show the os cil la tory be hav iour of MinDE pro teins of the
two clostridial spe cies in B. subtilis cells and in ves ti gate
pro tein-pro tein in ter ac tions be tween Min pro teins of these
or gan isms [2]. We eval u ated the ef fects of ex pres sion of
these pro teins on sporulation of B. subtilis.

1. J. Jamroškoviè, N. Pavlendová, K. Muchová, 
A.J. Wilkinson, I. Barák, Mi cro bi ol ogy, 2012, 158, 1972.

2. J. Makroczyová, J. Jamroškoviè, E. Krascsenitsová, 
N. Pavlendová and I. Barák. Microbiol. Open, 2016, doi:
10.1002/mbo3.337.

This work was sup ported by Grant 2/0009/13 from the Slo -
vak Acad emy of Sci ences and by a Grant from the Slo vak
Re search and De vel op ment Agency un der con tract APVV- 
14-018.
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STRUCTURAL DETAILS OF THE INTERACTION BETWEEN pTyr1-CTD AND THE
ELONGATION FACTOR Spt6
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Post-transcriptional mod i fi ca tions of the con sen sus mo tif
Y1-S2-P3-T4-S5-P6-S7 of the C-ter mi nal do main (CTD)
of RNA poly mer ase II (RNAPII) are since last de cade
known as “CTD code” [1]. These mod i fi ca tions are dy -
namic and spe cific for each phase of the transcriptional cy -
cle [2]. How ever, how does the CTD code con trol the
re cruit ment, (de)ac ti va tion, and dis place ment of rel e vant
pro cess ing fac tors, re mains still poorly un der stood. In -
creased phosphorylation level of Y1 of the CTD dur ing the
early elon ga tion in hib its bind ing of ter mi na tion fac tors, yet 
it stim u lates bind ing of the elon ga tion fac tor Spt6 through
its tan dem SH2 (tSH2) do main [3]. The lim ited struc ture
in for ma tion for the rec og ni tion of phospho-ty ro sine mod i -
fied CTD that is cur rently avail able pre vents de ci pher ing
of how this im por tant CTD mod i fi ca tion mark is read out
by tran scrip tion fac tors [4, 5]. We set out to in ves ti gate this
rec og ni tion phe nom e non us ing in te gra tive ap proach to
struc tural bi ol ogy. Here, we will show our com bined struc -
tural data from NMR, X-ray, and SAXS along with bind ing 
and bio chem i cal as says on the study of rec og ni tion

Y1-phosphorylated CTD by the tSH2 do main of the elon -
ga tion fac tor Spt6.

1. Buratowski, S.:, The CTD code. Nat Struct Biol.,
10:679-80 (2003).

2. Egloff, S. and Murphy, S., Crack ing the RNA poly mer ase
II CTD code, Trends Genet., 24: 280-8 (2008).

3. Mayer, A., Heidemann, M., Lidschreiber, M., Schreieck,
Sun, M., Hintermair, C., Kremmer, E., Eick, D. and
Cramer, P., CTD Ty ro sine Phosphorylation Im pairs Ter mi -
na tion Fac tor Re cruit ment to RNA Poly mer ase II, Sci ence,
336:1723-5 (2012).

4. Sun, M., Lariviere, L., Dengl, S., Mayer, A., Cramer, P., A
tan dem SH2 do main in tran scrip tion elon ga tion fac tor Spt6 
binds the phosphorylated RNA poly mer ase II C-ter mi nal
re peat do main (CTD), J.Biol.Chem. 285: 41597-41603
(2010).

5. Diebold, M., Loeliger, E., Koch, M., Winston, F.,
Cavarelli, J., Romier, C., Noncanonical Tan dem Sh2 En -
ables In ter ac tion of Elon ga tion Fac tor Spt6 with RNA
Poly mer ase II, J.Biol.Chem. 285: 38389 (2010).
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The fi brous pro tein ag gre gates, so-called b-amyloids, are
im pli cated in a va ri ety of neurodegenerative dis or ders such 
as Alz hei mer’s, Par kin son’s, Hun ting ton’s dis ease or ce re -
bral â-am y loid angiopathy. Study of pro tein fold ing and
misfolding is there fore cru cial for fur ther di ag nos tics and
treat ment of these dis eases. Tra di tional tech niques for pro -
tein struc ture de ter mi na tion such as X-ray or NMR are of -
ten not suit able to quickly track changes in 3D pro tein
struc tures in so lu tions. More over, lim ited sol u bil ity and

mo lec u lar size of b-amyloids rep re sent an other prob lem. 
In the pre sented work, chiral spec tro scopic meth ods

based on Vi bra tional Op ti cal Ac tiv ity (VOA), were used to 
study fi brous pro tein ag gre gates formed from model pro -
teins polyglutamic acid (PGA) and hen-egg lysozyme
(HEL). In fra red ab sorp tion and vi bra tional cir cu lar

dichroism (VCD) proved to be very valu able in de tec tion
of such ex tended struc tures. The am ide I band pro vides in -
for ma tion on the pep tide sec ond ary struc ture, while en -
hanced VCD sig nal and its sign in di cate a lon ger range
ar range ment. On the other hand, Raman op ti cal ac tiv ity

(ROA) was not sen si tive enough to study b-am y loid struc -
tures alone. There fore EuCl3 and wa ter sol u ble eu ro pium
com plexes were used as probes of mo lec u lar chirality in

ROA mea sure ments. It was shown that b-amyloids can in -
ter act with solvated Eu3+ ions or their com plexes in duc ing a 

strong ROA sig nal due to chirality trans fer.

Sup port from the Grant Agency of the Czech Re pub lic
(grant num bers 16-04902S and 15-09072S) is grate fully
ac knowl edged.
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STRUCTURE AND DYNAMICS OF THE METHYL-TRANSEFERASE SUBUNIT OF THE
E. COLI RESTRICTION-MODIFICATION SYSTEM EcoR124I

Sudhir Kumar Pal1,2, Dhiraj Sinha1,2, Da vid Reha1,2, Rudiger Ettrich1,2

1Cen ter for Nanobiology and Struc tural Bi ol ogy, In sti tute of Mi cro bi ol ogy, Acad emy of Sci ences, Zamek-136,
373 33, Nove Hrady, Czech Republic 1
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EcoR124I be longs to the IC fam ily of type I re stric -
tion-mod i fi ca tion (R–M) en zymes of E. coli. Type I R–M
en zymes are pentameric pro teins com prised of 2 mo tor
sub units (HsdR), and a trimeric methyltransferase (MTase) 
that in cludes the spec i fic ity sub unit. On hemimethylated
dsDNA, the en zyme com plex acts solely as con ven tional
ad e nine methylases. On unmethylated DNA translocation
oc curs in de pend ently on the mo tor sub units that translo -
cate dsDNA to wards the sta tion ary en zyme. Re com bi na -
tion be tween Tar get Rec og ni tion Do mains (TRDs)
gen er ates new se quence specificities and is a pow er ful
driver of Type I R–M sys tem di ver si fi ca tion. Due to the
lack of struc tural in for ma tion, the over all atomistic mech a -
nism of DNA rec og ni tion and mod i fi ca tion is un known.
Based on early ge netic stud ies a par a digm was es tab lished
that mu ta tions within the hsdS gene pro duce an r- m- phe -
no type, as do mu ta tions within the hsdM gene while mu ta -
tions in the hsdR caused Mod+ Res- (1). Res- Mod-

phe no type was pre sumed to re flect a loss of DNA-bind ing
abil ity of the HsdS sub unit re spon si ble for DNA rec og ni -
tion which than must pre vent both re stric tion and mod i fi ca -
tion func tions. How ever, two point mu tants (K184N) (2)
and (K384N) that are mu tated in the con served he li cal do -
main of the HsdS sub unit were found to have an r- m+ phe -
no type in vivo (in clud ing the dou ble sub sti tu tion), which
could only be a re sult of sub units as sem bly de fect. We gen -
er ate and re fine three-di men sional homology model(s) of
the EcoR124I HsdS sub unit and study of dy nam ics of WT
and mu tant HsdS to pre dict the over all af fect of the ex per i -
men tal mu ta tions on the dy nam i cal be hav iour and the
conformational space sam pled. 

1. Hubacek, J. & Glover, S.W., Jour nal of Mo lec u lar Bi ol ogy, 
1970, 50, 11 1-127. 

2. Obarska,A., Blundell,A., et al., Nu cleic AcidsResearch,
2006, 34.
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TOWARDS STRUCTURAL CHARACTERIZATION OF SmSP2 PROTEASE FROM
PARASITIC BLOOD FLUKE SCHISTOSOMA MANSONI

Adrian Leontovyè1, Lenka Ulrychová1, Mar tin Horn1, Mi chael Mareš1, 
Jan Dvoøák2

1In sti tute of Or ganic Chem is try and Bio chem is try, Acad emy of Sci ences of the Czech Re pub lic, 16610
Prague, Czech Re pub lic

2School of Bi o log i cal Sci ences, Med i cal Bi ol ogy Cen tre (MBC), Queen’s Uni ver sity of Bel fast, Bel fast BT9
7BL, North ern Ireland, UK

Schis to so mi a sis is a par a sitic dis ease caused by sev eral
blood flukes of the ge nus Schistosoma. It is con sid ered the
sec ond most im por tant par a sitic in fec tion af ter ma laria
with more than 200 mil lion peo ple in fected world wide and
many more at risk. Treat ment re lies on a sin gle drug –
praziquantel. Hence, there is a press ing need to de velop ad -
di tional ther a peu tics. Proteolytic sys tem of schisto somes is
a prom is ing tar get for the de vel op ment of new
antischistosomal drugs. In our re search we fo cused on
newly dis cov ered trypsin-like pro te ase SmSP2 from
S. mansoni, pre dom i nant serine pro te ase in schistosmula
and adults. Re com bi nant SmSP2 was ex pressed in the P.
pastoris ex pres sion sys tem and pu ri fied us ing chro mato -

graphic meth ods. Polyclonal an ti bod ies against SmSP2
were pro duced and used for immunolocalization ex per i -
ments. Sub strate cleav age spec i fic ity and in hib i tor sen si -
tiv ity were iden ti fied and ex plained us ing 3D homology
model of SmSP2. We dem on strated that SmSP2 is ca pa ble
of ac ti vate plasminogen to plasmin and re lease bradykinin
from kininogen, there fore it could serve schisto somes as
an ti co ag u lant and vasodilatation agent, re spec tively. We
pre pared suf fi cient amount of re com bi nant SmSP2 for
high-through put crys tal li za tion screen ing, which is cur -
rently in prog ress. 3D struc ture model of SmSP2 will be
em ployed for ra tio nal de sign ing of spe cific in hib i tors as
po ten tial drugs against schis to so mi a sis.
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THE KINETICS OF PHOSPORYLATION OF TYROSINE HYDROXYLASE AND ITS
INTERACTION WITH 14-3-3 ZETA PROTEIN STUDIED BY NMR

Petr Louša, Hana Nedozrálová, Jiøí Nováèek, Erik Župa, Jozef Hritz 

CEITEC MU, Masaryk Uni ver sity, Kamenice 753/5, 625 00 Brno, Czech Re pub lic
 

Hu man ty ro sine hy drox y lase 1 (hTH1) ac tiv ity is reg u lated 
by phosphorylation of its N-ter mi nus and by an in ter ac tion
with reg u la tory 14-3-3 pro tein. In or der to mon i tor struc -
tural changes within the reg u la tory do main of hTH1
(RD-hTH1, re gion of first 169 res i dues) caused by
phosphorylation of S19 and S40 we have as signed NMR
spec tra by two dif fer ent ap proaches. The non-uni form
sam pling ap proach based on sparse mul ti di men sional Fou -
rier trans form al lowed ef fi cient ac qui si tion of high di men -
sional NMR spec tra. In creased dimensionality (5D)
pro vided sig nif i cant speed up of back bone and side-chain
as sign ment of the un struc tured RD-hTH1 re gion (~70 res i -
dues). The rest (struc tured parts) of RD-hTH1 was as -
signed by con ven tional set of 3D NMR ex per i ments. 

We also mea sured ki netic rates of phosphorylation of
RD-hTH1 by PKA and PRAK kinase to gain better un der -
stand ing of phosphorylation pro cess. Ki netic se ries were
de rived from in ten sity changes of peaks of se lected res i -
dues close to phosphorylation site. To re veal in ter ac tions
be tween RD-hTH1 and pro tein 14-3-3 zeta we per formed
ti tra tion of dou bly phosphorylated RD hTH1 with highly
con cen trated 14-3-3. Changes in the peak in ten sity in di -
cated the re gions mostly involved in the interaction. 

1. Hritz J.; Byeon I.-J.; Krzysiak T.; Mar ti nez A.; Sklenáø V.;
Gronenborn A.M. Dis sec tion of bind ing be tween a
phosphorylated ty ro sine hy drox y lase pep tide and
14-3-3zeta: a com plex story elu ci dated by NMR. Biophys.
J. 2014, 107, 2185-2194.

2. Kazimierczuk, K., Zawadzka, A., Kozminski, W., Nar row
peak and high dimensionalities: Ex ploit ing the ad van tages
of ran dom sam pling. J. Mag. Res. 2009, 197, 219.

3. Motáèková, V.; Nováèek, J.; Zawadzka-Kazimierczuk, A.;
Kazimierczuk, K.; Žídek, L.; Šanderová, H.; Krásný, L.;

KoŸmiñski, W.; Sklenáø, V. Strat egy for com plete NMR
as sign ment of dis or dered pro teins with highly re pet i tive se -
quences based on res o lu tion-en hanced 5D ex per i ments. J.
Biomol. NMR 2010, 48, 169–177.

4. Zhang, S.; Huang, T.; Ilangovan, U.; Hinck, A. P.;
Fitzpatrick, P. F. The So lu tion Struc ture of the Reg u la tory
Do main of Ty ro sine Hy drox y lase. J. Mol. Biol. 2014, 426,
1483–1497.

The pro ject is fi nanced from the SoMoPro II programme.
The re search lead ing to this in ven tion has ac quired a fi -
nan cial grant from the Peo ple Programme (Ma rie Cu rie
ac tion) of the Sev enth Frame work Programme of EU ac -
cord ing to the REA Grant Agree ment No. 291782. The re -
search is fur ther co-fi nanced by the South-Moravian
Re gion. The ar ti cle/pa per re flects only the au thor´s views
and the Un ion is not li a ble for any use that may be made of
the in for ma tion con tained therein. In ad di tion, this work
was also sup ported by Czech Sci ence Foun da tion
(15-34684L). The com pu ta tional sim u la tions were re al ized 
in the Na tional Supercomputing Cen ter IT4Innovations,
which is sup ported by The Min is try of Ed u ca tion, Youth
and Sports from the Large In fra struc tures for Re search,
Ex per i men tal De vel op ment and In no va tions pro ject
„IT4Innovations Na tional Supercomputing Cen ter –
LM2015070“. Fur ther com pu ta tional re sources were pro -
vided by the MetaCentrum un der the pro gram LM2015042
and the CERIT Sci en tific Cloud un der the pro gram
LM2015085, pro vided un der the programme “Pro jects of
Large In fra struc ture for Re search, De vel op ment, and In -
no va tions”. This re search was car ried out un der the pro -
ject CEITEC 2020 (LQ1601) with fi nan cial sup port from
the Min is try of Ed u ca tion, Youth and Sports of the Czech
Re pub lic un der the Na tional Sustainability Programme II.
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One of the im por tant reg u la tors of aldosterone se cre -
tion and effector con trol ling blood pres sure is an gio ten sin
II. It acts through two main re cep tors: AT1R (the an gio ten -
sin II type-1 re cep tor) and AT2R. Sec ond one, AT2R, is a
prom is ing tar get for anticancer drugs. Magnani and
co-work ers [1] have dem on strated that se lec tiv ity to wards
AT2R (and not to AT1R) can be en hanced in pep tides with

large pop u la tion of cis pep tide bond pre ced ing proline
(Pro7 in an gio ten sin II). Ac cord ingly, the re place ment of
His6 by ar o matic res i dues with dif fer ent pro pen si ties can

form CH/p in ter ac tions with Pro7. In or der to de sign new
an gio ten sin de rived AT2R lig ands we have car ried out mo -
lec u lar sim u la tions of model pep tides Ace-Xxx-Pro-Nme,
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with ty ro sine, phenylalanine, 4-nitrophenylalanine and
O-phosphotyrosine as Xxx. Cis/trans isomerisation takes
place in tens to hun dreds mil li sec ond time scales, which is
hardly ac ces si ble in clas si cal un bi ased sim u la tions. There -
fore, we used metadynamics [2] to pre dict equi lib rium pop -
u la tions of cis pep tide bond. Pop u la tions of cis pep tide
bond de ter mined by 150 - 200 ns metadynamics sim u la -
tions were pre dicted as: 25 ± 18 % (exp. 40 %) for ty ro sine,
32 ± 8 % (exp. 25 %) for O-phosphotyrosine, 18 ± 6 %

(exp. 20 %) for phenylalanine and 9 ± 6 % (exp. 5 %) for
4-nitrophenylalanine, re spec tively (mean ± s.d.) as Xxx.
The ac cu racy of these re sult are cur rently be ing im proved
by pro lon ga tion of sim u la tions.

1. Magnani F. et al.: ACS Chem. Biol. 2014, 9, 1420-1425.

2. Laio A., Parrinello M.: Proc. Natl. Acad. Sci. USA 2002,
99, 12562-12566.
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Graphene ox ide (GO), which is a monolayer of graphene
with var i ous ox i dized groups, has wide ap pli ca tion in ma -
te ri als tech nol ogy, biomedicine, ca tal y sis, as well as a
surfactant. Due to it’s amphiphilic na ture GO can be dis -
persed in both wa ter and or ganic sol vents. This makes it a
suit able car rier for iso la tion of haz ard ous chem i cals such
as dyes from industial waste wa ter. The ef fi ciency of
graphene ox ide as a car rier de pends on pH [1] as well as the 
pres ence of dif fer ent salts in so lu tion [2]. 

MD sim u la tions en able to un der stand the pH
dependece of the in ter ac tions of dif fer ent ions with GO sur -
face on mo lec u lar level. The in flu ence of ions to the sur face 
charge of GO has been quan ti fied by ra dial dis tri bu tion
func tion, which cal cu lates the dis tri bu tion of ions around a
sin gle mol e cule of GO. The ob served in ter ac tion modes of

ions with the sur face of GO sup port ex per i men tal re sults
from zeta po ten tial mea sure ments of graphene ox ide in dif -
fer ent salt so lu tions, as well as the ef fi ciency in extraction
of methyl blue from aqueous solutions [2].

1. Sharma P., Borah D.J. and Das M.R., Graphene ox ide
nanosheets at the wa ter-or ganic sol vent in ter face: uti li za -
tion in one-pot ad sorp tion and re ac tive ex trac tion of dye
mol e cules. Chem. Phys. Chem., 2014, 15(18), 4019-25.

2. Borthakur P., Boruah P.K., Hussaina N., Sharma B., Das
M.R., Matiæ S., Øeha D. and Minofar B., An ex per i men tal
and the o ret i cal study of spe cific ion ef fect on the graphene
ox ide sur face and in ves ti ga tion of their in flu ence in re ac -
tive ex trac tion of model dye mol e cule at wa ter/or ganic in -
ter face. un pub lished data.
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Gua nine quadruplexes [1] are widely stud ied be cause of
their role in var i ous bi o log i cal pro cesses in clud ing gene
ex pres sion and cell immortalization, and pos si ble
nanotechnological ap pli ca tions [2]. G-quadruplexes can be 
formed un der spe cific physico-chem i cal con di tions from
DNA as well as RNA oligo- or poly nuc leo tides con tain ing
re pet i tive se quences of sev eral con sec u tive guanosine res i -
dues. DNA quadruplexes ex hibit greater struc tural poly -
mor phism than RNA, as they can adopt antiparallel,
var i ous hybride (3+1) and par al lel folds, whereas RNA

quadruplexes seem to be re stricted sim ply to par al lel form.
Ba sic build ing blocks of G-quadruplex con sist of four
guanines in ter con nected by Hoogsteen hy dro gen bond ing
to form G-quar tet, sta bi lized by co or di nated metal cat ion,
es pe cially Na+ or K+. G-quar tets are stacked one upon the
other.

How ever, G-quar tets and their supra mo lecu lar
self-as so ci ates re sem bling G-quadruplexes can be formed
also from monomeric guanosine-phos phates. Al though
G-quar tets and self-as so ci ates of 5’-rGMP have been thor -
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oughly stud ied in the pres ence of var i ous al kali met als by
var i ous meth ods, no ta bly NMR [3], sim i lar stud ies of
deoxyribonu cle o tide 5’-dGMP are still rare. In par tic u lar a
di rect com par i son of the abil ity of monomeric 5’-rGMPs
and 5’-dGMPs to con sti tute G-quar tets and self-as so ci ates
sta bi lized by the most com mon al kali ions Na+ and K+ is
miss ing, al though it may con trib ute for better un der stand -
ing of the rea sons of dif fer ent poly mor phism of DNA and
RNA G-quadruplexes in Na+ and K+ solutions.

Here we re port re sults of a sys tem atic study of the ef -
fect of the ribose ver sus 2’-deoxyribose on the 5’-GMP
self-as sem bling in pH-neu tral or slightly ba sic Na+ and K+

so lu tions by means of Raman and 1H and 31P NMR spec -
tros copy. Al though not yet fre quently used in the G-qua -
dru ples re search, Raman spec tros copy is es pe cially
suit able for the task, since it can be con ve niently used at
high 5’-GMP con cen tra tions fa vor able to self-ag gre ga tion. 
More over, Raman spec tra pro vide well-es tab lished spec -
tral mark ers sen si tive to nu cle o tide con for ma tion, for ma -
tion of hy dro gen bonds and stack ing in ter ac tions [4, 5]. In
the pres ent study, the nu cle o tide con cen tra tion, na ture,
con cen tra tion and stochiometry of al kali cat ions, and tem -
per a ture were sys tem at i cally var ied to find that abil ity of
5’-dGMP to con sti tute G-quar tets and or dered supra mo -

lecu lar struc tures sta bi lized by Na+ is sub stan tially lower
than that of 5’-rGMP. As shown on Fig. 1, 5’-dGMP re -
mained in Na+ so lu tion as mono mer even at 800 mM con -
cen tra tion where Na25’-rGMP clearly form firmly stacked
G-quar tets. On the other hand, af ter in tro duc tion of K+ ions
both guanosine-monophosphates readily form self-stack -
ing G-quar tets, al though self-as so ci a tion of 5’-rGMP was
still greater than that of 5’-dGMP (Fig. 2). Pos si ble con se -
quences for G-quadruplex poly mor phism will be dis -
cussed.

This work was sup ported by the Grant Agency of the
Charles Uni ver sity in Prague (No. 388615) and the Czech
Sci ence Foun da tion (No. 15-06785S).

1. Chaires J.B., Graves D., (eds.), Quadruplex Nu cleic Ac ids,
Springer-Verlag, Berlin 2013.

2. Da vis J.T., Angew. Chem. Int. Ed. 43 (2004) 668-698.

3. Wong A., Ida R., Spindler L., Wu G., J. Am. Chem. Soc.
127 (2005) 6990-6998.

4. Benevides J.M., Over man S.A., Thomas G.J., Jr., J. Raman 
Spectrosc. 36 (2005) 279-299.

5. Palacký J., Vorlíèková M., Kejnovská I., Mojzeš P., Nu -
cleic Ac ids Res. 41 (2013) 1005-1016.

Fig ure 1. Raman spec tra of 800 mM Na25’-rGMP and Na25’-dGMP at 5 and 80 °C.

Fig ure 2. Raman spec tra of 100 mM Na25’-rGMP and 400 mM Na25’-dGMP in the ab sence
and pres ence of ad di tional 500 mM K+. T = 10°C.
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Nat u ral killer (NK) cells re quire cytokine sig nals to dif fer -
en ti ate into fully func tional effector cells that ini ti ate pro -
tec tive an ti vi ral re sponses [1]. Many patho gens have
evolved coun ter mea sures to avoid interferon-me di ated de -
tec tion and clear ance by NK cells [1, 2], how ever, reg u la -
tory mech a nisms lim it ing cytokine ac ti va tion of NK cells
that re duce non-spe cific tis sue dam age re main poorly de -
fined. CD160 is a 27 kDa glycoprotein which was ini tially
iden ti fied with the monoclonal an ti body BY55 [2]. Its ex -
pres sion is tightly as so ci ated with pe riph eral blood NK
cells and CD8 T lym pho cytes with cytolytic effector ac tiv -
ity [2,3,4]. The cDNA se quence of CD160 pre dicts a
cysteine-rich, glycosylphosphatidylinositol-(GPI)-an -
chored pro tein of 181 amino ac ids with a sin gle Ig-like do -
main weakly ho mol o gous to KIR2DL4 mol e cule. It was
found that TNF re cep tor herpesvirus en try me di a tor
(HVEM) pref er en tially en gages CD160 trimer to
costimulate ac ti va tion, while a vi ral ortholog of HVEM
spe cif i cally binds to B and T lym pho cyte attenuator
(BTLA) to sup press this sig nal ing. CD160 an ti gen is a pro -
tein that in hu mans is en coded by the CD160 gene. We
have found that CD160 is ex pressed at the cell sur face as a
tightly disulfide-linked multimer. The homology model of
CD160 an ti gen do main [Fig ure 1] shows cysteine-rich re -
gion that was found to be re spon si ble for CD160
tight-timer for ma tion even un der re duced con di tions.
CD160 trimer forms sta ble com plex with HVEM, while
monomeric form re fused to binds its cog nate ligand. Thus,
reg u la tion of CD160 bidirectional bind ing may rep re sent a
com mon mech a nism of im mune reg u la tion tar geted by

mul ti ple patho gens, which by ex ten sion is a po ten tial tar get 
for ther a peu tic manipulation.

IN is Ma rie Cu rie Fel low fi nanced by Programme
SASPRO, co-funded by Eu ro pean Un ion and the Slo vak
Acad emy of Sci ences. The au thors grate fully ac knowl edge
the con tri bu tion of the Slo vak Re search and De vel op ment
Agency un der the pro ject APVV-14-0839 and the con tri bu -
tion of the Sci en tific Grant Agency of the Slo vak Re pub lic
un der the grant 2/0103/15.
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232–40.
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Nucleosomes form the fun da men tal re peat ing units of
eukaryotic chromatin, which are used to pack the large
eukaryotic ge nome into the nu cleus while still en sur ing ap -
pro pri ate ac cess to it. They are thought to carry
epigenetically in her ited in for ma tion in the form of co va lent 
post-translational mod i fi ca tions of core his tones, such as
acetylation, methylation, phosphorylation, sumoylation

and ubiquitynation. These mod i fi ca tions are pos si ble due
to the N-ter mi nal tails of the his tones, which are un struc -
tured and pro trude out ward from the nucleosome core.
Some of those mod i fi ca tions can di rectly in flu ence
chromatin struc ture or can be bound and ‘read’ by histone
rec og ni tion mod ules found in many pro teins and pro tein
com plexes act ing on chromatin. It is now well known that
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many of the histone mod i fi ca tions play a cru cial role in reg -
u la tion of a di verse set of bi o log i cal pro cesses [1-2]. For
ex am ple, lysine methylation is cou pled to the reg u la tion of
tran scrip tion by RNA poly mer ase II (RNApII), X-chro mo -
some in ac ti va tion, heterochromatin for ma tion and gene si -
lenc ing. Methyl ations at par tic u lar histone res i dues are
mostly cor re lated with ei ther ac ti va tion or re pres sion of
tran scrip tion. In our study we are in ter ested in histone H3
mod i fi ca tions, par tic u larly of lysine 4 methyl ations, which
are en riched at ac tively tran scribed gene re gions [3-5].
Here we would like to pres ent our struc tural data and bind -

ing as says, which char ac ter ize the rec og ni tion of the
H3K4me2 and H3K4me3 by Set3PHD.

1. G. Cavalli, R. Paro Sci ence 286, 955-958, 1999.

2. T. Muramoto, et al. Curr Biol 20, 397-406, 2010.

3. J.C. Eissenberg, A. ShilaHfard Dev Biol 339, 240-249,
2010.

4. A.J. Ruthenberg, et al. Nat Rev Mol Cell Biol 8, 983-994,
2007.

5. A. ShilaHfard Curr Opin Cell Biol 20, 341-348, 2008.
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R. K. Dukor,3 L. A. Nafie4

1In sti tute of Phys ics, Fac ulty of Math e mat ics and Phys ics, Charles Uni ver sity in Prague, Ke Karlovu 5,
Prague 2, CZ-12116, Czech Re pub lic
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Un der stand ing of pro cesses of am y loid fi bril for ma tion is
one of the key tasks in search ing for the role of pro tein
struc ture changes in hu man neurodegenerative dis eases
[1]. Many pro teins have been found to form am y loid de -
pos its and it has been shown that this might be a gen eral
prop erty of a pep tide chain [2]. De spite in ten sive re search,
the de tailed mech a nism of fi bril for ma tion is still far from
clear. Pre vi ously, it was dis cov ered that in fra red vi bra -
tional cir cu lar dichroism (VCD) pos sesses un usual sen si -
tiv ity to the growth and de vel op ment of am y loid fi brils,
with hen egg lysozyme and bo vine in su lin as ex am ples [3].
Var i ous homologs of bo vine in su lin can serve as a model
for stud ies of am y loid fi bril for ma tion. 

Here we com bine vi bra tional cir cu lar dichroism
(VCD), atomic force mi cros copy (AFM) and deep-UV res -

o nance Raman spec tros copy (DUVRR) in an at tempt to
un der stand the struc ture and sta bil ity of in su lin fi brils un -
der dif fer ent con di tions. Dif fer ences in struc ture and fi bril
sta bil ity for dif fer ent spe cies and growth conditions will be
presented.

1. Dobson, C.M., Na ture, 2003, 426, 884-890.

2. Dobson, C. M., Trends in Bio chem i cal Sci ences, 1999, 24,
329-332.

3. Ma, S., Cao, X., Mak, M., Sadik, A., Walkner, C., Freed -
man, T. B., Lednev, I. K., Dukor R. K. and Nafie, L. A.
Jour nal of the Amer i can Chem i cal So ci ety, 2007, 129,
12364–12365.

This work was sup ported by Charles Uni ver sity in Prague
(pro ject no. 260092).
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Im mune sys tem is able to rec og nize tu mor cells and sub se -
quently to elim i nate them. Spe cial sort of lym pho cytes
–nat u ral killer (NK) cells are able to pro vide this func tion
by caus ing apoptosis of tu mor cells us ing Fas ligand bind -

ing or granzymes. These pro cesses are ac ti vated when sig -
nals from their in hib i tory re cep tors are de creased and on
the other hand, sig nals from ac ti vat ing re cep tors are in -
creased. NKp30 is an ac ti va tion re cep tor of NK cells with
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one Ig-like extracellular do main. Out of its lig ands, two of
them are stim u lat ing NK cells through NKp30 when bound 
to mem brane: B7-H6, a mem brane pro tein with two Ig-like
do mains, which is pres ent on the sur face of some tu mor
cells; and BAG-6, a large multifunctional pro tein nor mally
found in cy to plasm or nu cleus which is trans ported onto
the cell sur face un der stress con di tion by an un known way
[1].

The struc ture of the B7-H6 ligand bound to NKp30 pro -
duced in E. coli has al ready been solved [2]; how ever, the
struc ture of the BAG-6 ligand is yet to be elu ci dated. More -
over, the glycosylation and length of C-ter mi nal chain of
NKp30 extracellular do main as well as its oligomerization
sta tus in flu ence its abil ity to bind lig ands [3]. The struc tural 
ba sis of these ef fects is not known.

For our stud ies the extracellular do mains of NKp30 and 
B7-H6 have been cloned into the pTW5sec vec tor with
C-ter mi nal histidine tag. To study the ef fect of C-ter mi nal
re gion of extracellular do main of NKp30, shorter and lon -
ger con structs have been cloned. Both pro teins have been
pro duced in hu man HEK293S GnTI- cell line pos sess ing
ho mo ge neous N-glycosylation pro file, pu ri fied by
TALON af fin ity col umn and size ex clu sion chro ma tog ra -

phy. Glycosylation of NKp30 was con firmed by mass
spec trom e try and for ma tion of its oli go mers was ob served
by an a lyt i cal ul tra cen tri fu ga tion and trans mis sion elec tron
mi cros copy. Im pact of glycosylation and C-ter mi nal length 
of NKp30 con struct was measuredusing an a lyt i cal ul tra -
cen tri fu ga tion. Crys tal li za tion screens of the complex with
glycosylated NKp30 constructs have been set up, too.

Li brary of 47 plasmids of BAG-6 was gen er ated by
clon ing con structs of var i ous lengths into vec tors with
TriEx plasmid back bone. Pro duc tion of these con structs is
to be screened in E. coli, as well as in Sf9 in sect and
HEK293S GnTI- hu man cell lines.

This study was sup ported by BIOCEV (ERDF
CZ.1.05/1.1.00/02.0109), Czech Sci ence Foun da tion
(15-15181S), Min is try of Ed u ca tion, Youth and Sports of
the Czech Re pub lic (LG14009), Charles Uni ver sity
(UNCE 204025/2012, SVV 260079/2014), BioStruct-X and 
In struct Eu ro pean in fra struc ture pro jects.

1. Vivier E. et al: Immunol Cell Biol, 92 (3), 221-9, 2014.

2. Joyce M.G. et al: Proc Natl Acad Sci U S A, 108 (15),
6223-8, 2011.

3. Herrmann J. et al: J Biol Chem, 289 (2), 765-77, 2014.
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Glucoaminoglycans (GAGs) rep re sent a class of lin ear car -
bo hy drate poly mers with es sen tial roles in many bi o log i cal
pro cesses, such as cell sig nal ling and pro lif er a tion,
angiogenesis and tumorigenesis etc. One of the most com -
mon GAGs is chondroitin sul phate, an im por tant struc tural
com po nent of car ti lage that pro vides much of its re sis tance
to com pres sion. Chondroitin sul phate is com posed of re -
peat ing sulphated disaccharide units, formed by

b-D-glucuronic acid (GlcA) and 2-acetyl-b-D- galacto -

samine (GalNAc), joined to gether by b(1 › 4) and b(1 › 3)
glycosidic link ages [1]. De spite its bi o log i cal im por tance
lit tle is still known about the sec ond ary and ter tiary struc -
tural prop er ties of chondroitin sul phate and any ef fects re -
lated to the sul fa tion of its chain, as X-ray crys tal log ra phy
and NMR are dif fi cult to ap ply to these sam ples and pro -
vide only lim ited in for ma tion.

In our ex per i ment, we mea sured the Raman and Raman
op ti cal ac tiv ity (ROA) spec tra of chondroitin A sul phate in
a wide fre quency range be tween 250 cm-1 and 1800 cm-1

and an a lyzed these with re spect to the oc cur rence of spe -
cific spec tral marker bands and the in flu ence of sulphation.
Fur ther more, we have stud ied changes in the chondroitin
struc ture in duced by vari a tion of chemico-phys i cal prop er -

ties as con cen tra tion, pH, tem per a ture and cat ions coun ter -
ing the charge of the polyanionic chondroitin chain. The
tech nique of ROA [2,3], which is based on a dif fer ent in ter -
ac tion of a spec i men with right- and left-handed cir cu larly
po lar ized la ser light, rep re sented an ideal meth od ol ogy for
this type of ob ser va tion due to its high sen si tiv ity to the
conformational sta bil ity and ri gid ity of pyranose rings of
the sac cha rides, ori en ta tion of sugar hydroxyl groups and
also sec ond ary struc ture of the GAG’s back bone. There is
also a strong link to pre vi ous ex per i ments [4], which fo -
cused on the char ac ter iza tion of hyaluronan, another
important GAG. 

1. T.E. Hardingham, A.J. Fosang, FASEB Jour nal, 6 (1992)
861-870. 

2. P.W. Atkins, L.D. Barron, Mol. Phys., 16 (1969) 453-466.

3. L.D. Barron, M.P. Boggard, A.D. Buckingham, Na ture,
241 (1973) 113-114.

4.   N.R. Yaffe, A. Al mond, E.W. Blanch, J. Am. Chem. Soc.,
132 (2010) 10654-10655. 

The work was sup ported by the Czech Sci ence Foun da tion
(grant No. 16-00270S).
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Haloalkane dehalogenases (EC 3.8.1.5) are bac te rial en -
zymes cleav ing a car bon-halo gen bond by a hydrolytic
mech a nism in a broad range of halogenated aliphatic com -
pounds [1]. The en zymes can be po ten tially ap plied in
bioremediation, biosensing, biosynthesis, cel lu lar im ag ing
and pro tein im mo bi li za tion [2]. Struc tur ally haloalkane

dehalogenases be long to the a/b-hydrolase superfamily

with two do main or ga ni za tion: an a/b-hydrolase core do -

main and a-he li cal cap do main, which lies on the top of the
core do main. Ac tive site res i dues are lo cated in a hy dro -
pho bic cav ity at the in ter face be tween the two do mains and
are con nected to the pro tein sur face by sev eral tun nels.

Now a days more than 20 pro teins and their mu tant vari ants
from haloalkane dehalogenases fam ily are sys tem at i cally
stud ied. The main tar get is fo cused on re search of pro teins
such as DhaA from Rhodococcus rhodochrous NCIMB
13064, DbeA of Bradyrhizobium elkanii USDA94, LinB
of Sphingobium japonicum UT26 or novel haloalkane
dehalogenases DpcA from Psychrobacter cryohalolentis
K5 and DmxA from Marynobacter sp. ELB 17, etc. 

This re search is sup ported by the GACR (P207/12/0775).

1. Koudelakova T., et al., Biotechnol. J. 8, 32-45 (2011).

2. Marek J., et al., Bio chem is try. 39, 14082–14086 (2000).
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Apoptosis sig nal-reg u lat ing kinase 1 (ASK1) is a mem ber
of the mitogen-ac ti vated pro tein kinase kinase kinase
(MAP3K) fam ily that ac ti vates c-Jun N-ter mi nal kinase
and p38 MAP kinase path ways in re sponse to var i ous stress 
stim uli, in clud ing ox i da tive stress, endoplasmic re tic u lum
stress, and cal cium ion in flux. The func tion of ASK1 is as -
so ci ated with the ac ti va tion of apoptosis in var i ous cells
and plays a key role in the pathogenesis of mul ti ple dis -
eases in clud ing can cer, neurodegeneration and car dio vas -
cu lar dis eases. The kinase ac tiv ity of ASK1 is reg u lated by
many fac tors, in clud ing bind ing of thioredoxin 1 (TRX1)
and the 14-3-3 pro tein that both func tion as in hib i tors of
ASK1 [1]. How ever, the mech a nisms by which these bind -
ing in ter ac tions in hibit ASK1 are still un clear. We have
pre vi ously shown that the TRX1 bind ing do main of N-ter -
mi nal ASK1 (ASK1-TBD) is a com pact monomeric and
rigid do main that un der re duc ing con di tions forms with
TRX1 a sta ble and well de fined com plex with 1:1 mo lar
stoichiometry. We have also showed that the com plex for -
ma tion does not in volve the for ma tion of intermolecular
disulfide bonds and that residues from the cat a lytic
WCGPC mo tif of TRX1 are es sen tial for com plex sta bil ity

with Trp31 be ing di rectly in volved in the bind ing in ter ac -
tion [2].   

The aim of this study was to in ves ti gate the role of in di -
vid ual cysteine res i dues from TRX1 as well as from
ASK1-TBD in the in ter ac tion be tween these two pro teins.
Sed i men ta tion ve loc ity anal y sis to gether with the site-di -
rected mu ta gen e sis re vealed that from five cysteine res i -
dues in hu man TRX1 mol e cule, the res i due Cys32 is
cru cial for TRX1 bind ing to ASK1-TBD in re duc ing con -
di tions. For ma tion of disulfide bond be tween Cys32 and
Cys35 is the main fac tor re spon si ble for com plex dis so ci a -
tion un der ox i da tive stress. The se quence of ASK1-TBD
con tains seven Cys res i dues from which six seem to be well 
ac ces si ble at the sur face of the ASK1-TBD mol e cule. Ox i -
da tion of ASK1-TBD leads to the for ma tion of one
intramolecular disulfide bond be tween cysteines Cys225
and Cys226. Site-di rected mu ta gen e sis of ASK1-TBD Cys
res i dues sug gested that some of these res i dues play an
important role in the stability of the ASK1-TBD:TRX1

com plex.          



1. Saitoh, M.; Nishitoh, H.; Fujii, M.; Takeda, K.; Tobiume,
K.; Sawada, Y.; Kawabata, M.; Miyazono, K.; Ichijo,

H.: EMBO J. 17, 2596 (1998).

2. Kosek D.; Kylarova S.; Psenakova K.; Rezabkova L.;
Herman P.; Vecer J.; Obsilova V.; Obsil T.: Jour nal of Bi o -
log i cal Chem is try 279, 24463 (2014).

This work was sup ported by the Czech Sci ence Foun da tion
(Pro ject 14-10061S) and The Czech Acad emy of Sci ences
(Re search Pro jects RVO: 67985823 of the In sti tute of
Phys i ol ogy).
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Glu ta mate carboxypeptidase II (GCPII) is a trans mem -
brane dimeric metalloprotease har bor ing two zinc ions in -
dis pens able for its en zy matic ac tiv ity in the ac tive site. In
ad di tion, a cal cium ion of an un known func tion is ob served 
at the dimer in ter face in the dis tance of 20 C from the ac tive 
site. The pres ent work is aimed at elu ci dat ing the struc tural
and func tional role of the Ca2+ ion in vi tro. 

To this end, we de signed, ex pressed and pu ri fied a
panel of GCPII vari ants with mu tated amino ac ids co or di -
nat ing Ca2+ and/or po si tioned at the homodimer in ter face.

Size-ex clu sion chro ma tog ra phy reveales that a sig nif i cant
por tion of the pro tein is ei ther ag gre gated or eluted in frac -
tions cor re spond ing to the monomeric spe cies that have not 
been de scribed in the lit er a ture. Ac tiv ity mea sure ments
showed no or very lim ited ac tiv ity of the mu tant en zymes.
At the same time cir cu lar-dichroism spec tra did n’t re veal
any sig nif i cant struc tural changes in com par i son with
wtGCPII. Based on these find ings we as sume that Ca2+ is
cru cial for en zyme dimerization that is in turn re quired for
GCPII en zy matic ac tiv ity.
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The com pu ta tional meth ods are ap plied to com pare the
elec tron-trans fer prob a bil ity for two dis tinct crys tal struc -
tures of the Esch e richia coli pro tein WrbA, an FMN-de -
pend ent NAD(P)H:quinone oxidoreductase, with the
bound sub strate benzoquinone. The com pu ta tional meth -
ods were based on the com bi na tion of quan tum me chan -
ics/mo lec u lar me chan ics ap proach, semi-em pir i cal
meth ods and quan tum me chan i cal (QM) cal cu la tions of
charge trans fer rates us ing Marcus equa tion. The cal cu la -
tions in di cate that the po si tion of benzoquinone in a new
struc ture re ported here and solved at 1.33 C res o lu tion is
more likely to be rel e vant for the phys i o log i cal re ac tion of
WrbA than a pre vi ously re ported crys tal struc ture [1] in

which benzoquinone is shifted by ~5 C. Be cause the true
electron-ac cep tor sub strate for WrbA is not yet known, the
pres ent re sults can serve to con strain com pu ta tional dock -
ing at tempts with po ten tial sub strates that may aid in iden ti -
fy ing the nat u ral sub strate(s) and phys i o log i cal role(s) of
this en zyme. The ap proach used here high lights a role for
QM cal cu la tions in crys tal struc ture in ter pre ta tion.

1. Andrade, S.L.; Patridge, E.V.; Ferry, J.G.; Einsle, O. J.
Bacteriol. 2007, 189, 9101-9107.

This work was sup ported by the Czech Sci ence Foun da tion
(pro ject no GA15-12816S). 
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Since its dis cov ery, ma trix-as sisted la ser desorption/ion -
iza tion (MALDI), which is usu ally as so ci ated with a
time-of-flight (TOF) mass an a lyzer in com mer cial in stru -
ments, has be come a com mon tech nol ogy in bi o log i cal
mass spec trom e try (MS). It is use ful for mea sure ments
with pep tides and pro teins, oligonucleotides, oli go sac cha -
rides, tech ni cal poly mers, small po lar com pounds, vi ruses
or in tact mi cro bial cells. The well-known pos si bil ity of fast 
iden ti fi ca tion or biotyping of mi cro or gan isms (the lat ter
rep re sent ing a dif fer en ti a tion of strains or spe cies by dis -
tinc tive bio chem i cal char ac ter is tics – this is in prin ci ple ap -
pli ca ble to any group of bi o log i cal sam ples of the same
type) makes MALDI-TOF MS more com mon and in creas -
ingly pop u lar in bio chem i cal, bioanalytical, me dic i nal or
bio tech no log i cal lab o ra to ries. Both ma trix choice and op ti -
mi za tion of the sam ple prep a ra tion pro to col are the most
im por tant steps in MALDI ex per i ments. Ma trix is in dis -
pens able in the ion for ma tion pro cess. The ap pli ca tions of
MALDI-TOF MS to nu cleic acid re search in clude qual ity
con trol of syn thetic oligonucleotides, oligonucleotide se -
quenc ing, sin gle-nu cle o tide poly mor phism geno typ ing
and microsatellite anal y sis. Oligonucleotides, which are
largely uti lized as gene probes in mo lec u lar bi ol ogy, can
ef fi ciently be mea sured for ex am ple us ing 3-hydroxy -

picolinic acid (HPA) as a ma trix but there also other ma trix
com pounds avail able for this pur pose: 2’,4’,6’-trihydro -
xyacetophenone, 6-aza-2-thiothymine, picolinic and
anthranilic ac ids. A ma jor ob sta cle is the rel a tively poor
mass res o lu tion, which in creases in par al lel with the in -
creas ing mo lec u lar mass ac com pa nied by the de crease in
sig nal in ten sity and sen si tiv ity. Solid mixed ma tri ces have
been in tro duced such as HPA/picolinic acid or
HPA/pyrazinecarboxylic acid to cope with these ob sta cles.
Ad di tives (e. g. diammonium hy dro gen ci trate) are then
used to re duce or pre vent from the for ma tion of ad ducts be -
tween the phos phate groups of DNA and coun ter ions
(Na+, K+). In this work we have used syn thetic oligo -
nucletotides up to a 60-mer to look for the most op ti mal
sam ple prep a ra tion and data ac qui si tion pro ce dure. The
ionophore an ti bi ot ics nigericin and monensin were
checked as pos si ble ad di tives to gether with 1,4-bis(3-
 aminopropyl)piperazine. For oligonucleotide se quenc ing
based on the frag men ta tion pro cess of ion-source de cay,
com bin ing HPA with dif fer ent co-ma tri ces based on ar o -
matic carboxylic ac ids was eval u ated to achieve ex cel lent
re sults with the op ti mized protocol. 

This work was sup ported by grant no. 15-16888S by the
Czech Sci ence Foun da tion.
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Spon ta ne ous base loss and ox i da tive DNA dam age give
rise to a large num ber of abasic sites (AP sites). These AP
(apurinic/apyrimidinic) sites are gen er ally re cog nised and
re paired by a class of DNA AP endonucleases. Unrepaired
AP sites as well as some prod ucts from other ox i da tive
DNA re pair pro cesses can re sult into more toxic 3’ DNA
le sions in clud ing 3’ phos phate. The 3’ le sions block poly -
mer iza tion and li ga tion and im pair the re pair of sin gle
strand break. Pre vi ously, we have iden ti fied menin -
gococcal AP endonuclease homologue NExo to be solely
re spon si ble for re moval of the 3’ phos phate in Neisseria

meningitidis. In or der to un der stand the mech a nism of the
re ac tion of this spe cial ized en zyme we have crys tal lized
NExo complexed with DNA sub strate con tain ing 3’ phos -
phate. We also crys tal lized in ac tive point mu tant with co -
or di nated metal ion both in pres ence of the sub strate and
the prod uct. Here we pres ent three struc tures that al lowed
us to out line the re ac tion mech a nism of meningococcal
DNA 3’ phosphatase.   

This study was sup ported by Wellcome Trust Pro gram
Grant (084369/Z/07/Z) awarded to P.S.F., G.S.B. and
C.M.T.
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Nat u ral killer (NK) cells are an in ten sively stud ied part of
im mune sys tem, pos sess ing unique abil ity to rec og nize and 
in duce death of tu mor and vi rus-in fected cells with out
prior an ti gen sen si ti za tion [1]. Their func tion is reg u lated
by a fine bal ance of sig nals in duced by mul ti ple ac ti vat ing
and in hib i tory cell sur face re cep tors and their in ter ac tion
with the lig ands pres ent on the tar get cell.This can be il lus -
trated on the homodimeric rat in hib i tory re cep tor NKRP1B 
and its ligand Clrb, which play a cru cial role in the im mu -
no log i cal re sponse of NK cells to the in fec tion with rat
cytomegalovirus (RCMV), one of the most stud ied NK cell 
func tion model in rat model or gan ism [2].

Dur ing the in fec tion of RCMV the tar get cell down -
regulates cell sur face ex pres sion of Clrb, thus de creas ing
the in hib i tory sig nal trans mit ted through NKRP1B to the
NK cell, which would ide ally lead to NK cell ac ti va tion and 
lysis of the in fected cell. How ever, RCMV car ries a gene
for “de coy” sur face re cep tor – RCTL that mim ics Clrb and
thus es capes the im mu no log i cal re sponse of NK cells.
More over, while this es cape strat egy was dem on strated in
the rat strain WAG, it has been shown that the NKRP1B
homologue from rat strain SD li gates only Clrb and does
not rec og nize RCTL. Thus the SD rat strain is less
susceptible to the RCMV infection [2].

This re search aims to elu ci date the mo lec u lar ba sis of
the NKRP1:Clr re cep tor ligand rec og ni tion, based on pre -

vi ous suc cess ful re sults with ho mol o gous hu man
NKRP1:LLT1 re cep tor ligand pair[3]. For pro tein crys tal -
li za tion, it was found out that the best re com bi nant ex pres -
sion sys tem for pro duc tion of sol u ble extracellular do mains 
from this fam ily of re cep tors is tran siently or stably
transfected HEK293S GnTI- hu man cell line pos sess ing
ho mo ge neous N-glycosylation pro file. To in crease the
yields of re com bi nant pro teins, we have op ti mized
transposon-based doxycycline in duc ible mam ma lian cell
ex pres sion sys tem piggyBac [4] within HEK293S GnTI-

cell line using Clrb soluble expression construct as target
protein.

This study was sup ported Czech Sci ence Foun da tion
(15-15181S), Charles Uni ver sity (UNCE 204025/2012,
SVV 260079/2014), BioStruct-X and In struct Eu ro pean in -
fra struc ture pro jects.

1. Wang, D., Ma, Y., Wang, J., Liu, X. and Fang, M., J Clin
Cell Immunol, 2013, S13:006.

2. Voigt, S. Mesci, A., Ettinger, J., Fine, J. H., Chen, P.,
Chou, W. and Carlye, J. R., Im mu nity, 2007, 26, 617-627.

3. Skálová T., Bláha, J., Harlos, K., Dusková, J., Koval’, T.,
Stránský, J., Hašek, J., Vanìk, O. and Dohnálek, J., Acta
Crystallogr. D, 2015, 71, 578-591.

4. Li, Z., Mi chael, L. P., Zhou, D., Nagy, A. and Rini, J. M.,
Proc Natl Acad Sci USA, 2013, 110, 5004-5009.
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Many in ter est ing bi o log i cal pro cesses can not be mod elled
by mo lec u lar sim u la tions be cause they take place in time
scales in ac ces si ble for cur rent com put ers. This can be ad -
dressed ei ther by parallelisation, i.e. split ting the task to be
cal cu lated on a large num ber of com put ers, or by ap pli ca -
tion of en hanced sam pling tech niques. Here we re port a
new ap proach com bin ing both strat e gies. Mov ing hills
method in spired by metadynamics [1] sim u lates a se ries of
rep li cas of the stud ied sys tem in par al lel with a shared his -
tory-in de pend ent bias po ten tial. The bias po ten tial de pends 
on the dis tri bu tion of se lected low-di men sional de grees of

free dom (col lec tive vari ables) among all rep li cas. The
method was tested on model en ergy pro files, alanine di pep -
tide (Ace-Ala-Nme) in wa ter and vac uum, cis/trans
isomerisation of Ace-(Pro)n-Nme and other mo lec u lar sys -
tems.

The work was sup ported by Czech Sci ence Foun da tion
(15-17269S).

1. Laio, A. and Parrinello, M., Proc. Natl. Acad. Sci. U.S.A.
2002, 99, 12562-12566.
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Pro te ase in hib i tors from the Kunitz fam ily (I3 in
MEROPS) of 20-25 kDa are widely dis trib uted in plant

king dom. They share a con served b-tre foil fold in which a
set of vari able loops forms re ac tive cen ters for the in ter ac -
tion with tar get pro teas es. The ma jor ity of the Kunitz in hib -
i tors are tar get ing serine pro teas es; how ever, in hib i tors of
cysteine and as par tic pro teas es have also been de scribed.
PDI (po tato cathepsin D in hib i tor) from the Kunitz fam ily
is a wound in duc ible plant de fense pro tein against in sect

her bi vores and patho gens. PDI is a unique bifunctional in -
hib i tor of serine pro teas es as well as as par tic pro teas es; its
bind ing mode has not been struc tur ally stud ied so far. Here, 
we pres ent the crys tal struc ture of the com plex of PDI and
the serine pro te ase trypsin at 1.95 C res o lu tion. The bind -
ing mode of PDI is com pared with that of other Kunitz in -
hib i tors, and struc tural vari abil ity of their re ac tive cen ters
is dis cussed. 
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Speed and sen si tiv ity of new pixel ar ray de tec tors bring
new pos si bil i ties to the mea sure ment of X-ray dif frac tion
data. Due to their point spread func tion and their abil ity to
mea sure weak re flec tions, re li able es ti ma tion of ex po si tion 
pa ram e ters by hu man eye is made more dif fi cult. How ever, 
a cor rect ex po sure helps in crease the in for ma tion gain of
the mea sure ment (more pre cise mea sure ment of anom a lous 
dif fer ences or weak re flec tions for im prove ment of elec -
tron den sity maps) and at the same time re duce  ra di a tion
dam age.

As a sig nal to noise ra tio of in di vid ual reflections (I/s)
has, with a cho sen er ror model [1], an up per limit (ISa), the

op ti mal ex po sure can be es ti mated from the re la tion of I/s
of strong re flec tions to ISa. The re la tion can be an a lyzed

e.g. in a graph of I/s to in ten sity [2], which is in for ma tive
even for ini tial data con tain ing few frames. There fore, a
script for fast anal y sis was de vel oped. The script pro duces
graph for op ti mal ex po sure es ti ma tion before the final data
collection.

A pre lim i nary anal y sis of ear lier mea sured datasets
shows that ma jor ity of datasets mea sured with a PILATUS
de tec tor is un der ex posed. In com par i son, datasets mea -
sured with a CCD de tec tor (marCCD) show cor rect ex po -
sure or overexposure.

This study was sup ported by BIOCEV CZ.1.05/1.1.00/
02.0109 from the ERDF and in sti tu tional sup port of IBT
CAS, v.vi.. RVO: 86652036, by Min is try of Ed u ca tion,
Youth and Sports of the Czech Re pub lic (grant No.
LG14009) and Czech Sci ence Foun da tion, pro ject
15-05228S and pro ject 15-15181S and by Grant Agency of
the Czech Tech ni cal Uni ver sity in Prague, pro ject no.
SGS16/246/OHK4/3T/14.

1. Diederichs, K., Acta Cryst. Sec tion D, 2010, vol. 66, no. 6,
733–740.

2. Weinert, T. and Olieric, V. and Waltersperger, S. et al.,
Nature Methods, 2015, vol. 12, no. 2, 131–137.
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FrpD is a highly con served li po pro tein of Neisseria menin -
gitidis an chored to the bac te rial outer mem brane. The frpD
gene se quence con tains two trans la tion ini ti a tion sites,
which give rise to pro duc tion of the full-length FrpD pro -
tein (FrpD271) that har bours N-ter mi nal sig nal pep tide pro -
mot ing FrpD ex port across the cy to plas mic mem brane by
Sec translocase, and the trun cated FrpD pro tein (FrpD250)
that lacks the sig nal pep tide and re main ing in cy to plasm of
the bac te ria. The ex ported FrpD271 pre cur sor is pro cessed
to its ma ture form on the periplasmic side of the cy to plas -
mic mem brane, se quen tially mod i fied by a lipid mol e cule
at Cys25 res i due, and sorted to the outer bac te rial mem brane 
[1]. The bi o log i cal func tion of FrpD ap pears to be linked to
the FrpC pro tein, since FrpD was found to bind the N-ter -
mi nal part of FrpC with very high af fin ity (Kd = 0.2 nM)

[1]. How ever, mech a nism of FrpD-FrpC in ter ac tion is un -
known due to the ab sence of any struc tural in for ma tion on
these pro teins. 

We pres ent here the crys tal and so lu tion struc tures of
the FrpD pro tein and the NMR spec tros copy iden ti fi ca tion
of the FrpD43-271-FrpC1-414 in ter ac tion in ter face. Ac cord ing
to the de tailed struc ture anal y sis, the atomic struc tures of
FrpD re veal a novel pro tein fold. This struc tural in for ma -
tion pro vides the first step in de ci pher ing of the mech a nism 
of FrpD43-271-FrpC1-414 in ter ac tion and sets the base for fur -
ther in ves ti ga tion of the role of FrpD in the N. meningitidis
life style.

1. K. Prochazkova, R. Osicka, I. Linhartova, P. Halada, 
M. Sulc, and P. Sebo, J. Biol. Chem., 2005, 280,
3251-3258.
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The en zyme DmxA, be long ing to the fam ily of haloalkane
dehalogenases (EC 3.8.1.5; HLDs), cat a lyz ing the
hydrolytic con ver sion of halogenated aliphatic com pounds 
to their cor re spond ing al co hols was iso lated from

Marinobacter sp. ELB 17. DmxA is one of the a/b-hy dro -
las es which can be prac ti cal use ful for such ap pli ca tions as
biodegradation, biosensing, pro tein tag ging for cell im ag -
ing and pro tein anal y sis, de con tam i na tion of war fare
agents, pro duc tion of op ti cally ac tive hy dro car bons and al -
co hols.

DmxA is an extremozyme, ex hib it ing high
enantioselectivity, re veals the high est ac tiv ity at high tem -
per a tures (the max i mal ac tiv ity to wards 1,3-diiodopropane 
was de tected at 55 °C and pH 9.0), what high lights it
among the other HLDs.

Dif fracted crys tals of DmxA were re fined up to the res -
o lu tions 1.45 C. Dif frac tion data for DmxA were col lected
us ing Pilatus 6M-F de tec tor at the wave lengths of 0.972 C
on the beamline ID29, at the Eu ro pean Syn chro tron Ra di a -
tion Fa cil ity (ESRF) in Grenoble (France).
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Crys tal of DmxA be longed to P212121 space group (a =

43.371 C, b = 78.343 C, c = 150.51C; a = b = g = 90.0 °)
and con tained 2 mol e cules in the asym met ric unit. The
struc ture was solved by mo lec u lar re place ment with
MOLREP from the CCP4 soft ware suite by us ing the co or -
di nates of Rhodococcus rhodochrous (PDB en try 4E46;
48% se quence iden tity for 142 res i dues and 63% se quence
sim i lar ity). 

Struc tur ally DmxA is rep re sented by the two do mains:

a highly con served a/b - hydrolase main do main, com -

posed of eight b - strands, within antiparallel (b2) and are

flanked by a - he li ces: four are on the one side and two are

on the other side of the b – sheet; and the sec ond - is smaller 

he li cal cap do main, com posed of a - he li ces, cov er ing the
ac tive site, which has re vealed the cat a lytic pentad es sen -
tial for the SN2 re ac tion mech a nism: D105, H273, E129,
W106 and uniquely Q40 ha lide-sta bi liz ing res i due among
of the other HLDII subfamily mem bers. 

This work is sup ported by the Grant Agency of the Czech Re pub lic 
(P207/12/0775).Also was sup ported by the Min is try of Ed u ca tion
of the Czech Re pub lic (CZ.1.05/2.1.00/01.0024 and CZ.1.05/
2.1.00/01.0001). The sup port of the Acad emy of Sci ences of the
Czech Re pub lic is ac knowl edged as well.
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The homeodomain fold is a rel a tively sim ple DNA/RNA-
 bind ing pro tein struc ture con sist ing of 60 aminoacids

which form three a-he li ces and bind to the nu cleic acid
with a he lix-turn-he lix mo tif. The do main was found in
many tran scrip tion fac tors in volved in sev eral as pects of
em bry onic de vel op ment, reg u lat ing cell fate and de vel op -
ment plan of the body [1].

Our main goal con sisted in search ing for wa ter-pro tein
con tacts ob serv able by NMR. A dou bly la beled mu tant
K52E of the drosophila Engrailed homeodomain was pre -
pared for an NMR anal y sis. Stan dard 3D NMR spec tra
(HNCACB and CBCACONH) were mea sured for the
back bone as sign ment. Pro tein sol va tion was mon i tored at
var i ous tem per a tures by re cord ing homonuclear 2D
NOESY spec tra with high res o lu tion in the in di rect di men -
sion. Sev eral NOESY cross peaks were ob served at the wa -
ter fre quency, in di cat ing wa ter mol e cules tightly bound to
pro tein res i dues [2]. The move ment of these wa ter mol e -
cules is sig nif i cantly slowed down, giv ing rise to an NOE
sig nal. In or der to dis tin guish ex change able wa ter mol e -
cules from bulk wa ter and from tightly bound water
molecules, a CLEANEX-PM experiment was conducted
[3].

NOESY ex per i ments showed that res i dues S13, R18,
R32, R56 are tightly bound to wa ter mol e cules. Sev eral
res i dues in ex change be tween bulk and bound wa ter (R6,
R21, R27, R33 and R34) have been re vealed by the
CLEANEX-PM ex per i ment.

1. Gehring, W.J., Affolter, M., Burglin, T. (1994).
Homeodomain Pro teins,  Ann. Rev. Biochem, 63, 487-526.

2. Otting, G. (1997). NMR stud ies of wa ter bound to bi o log i -
cal mol e cules, Prog. Nucl. Magn. Reson. Spectrosc., 31
(2-3), 259-285.

3. Hwang, T.-L., Van Zijl, P.C.M., Mori, S. (1998). Ac cu rate
quantitation of wa ter-am ide pro ton ex change rates us ing
the Phase-Mod u lated CLEAN chem i cal EX change
(CLEANEX-PM) ap proach with a Fast-HSQC (FHSQC)
de tec tion scheme, J. Biomol. NMR, 11 (2), 221-226.
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re search in fra struc ture sup ported by the pro ject
CZ.1.05/1.1.00/02.0068 fi nanced from Eu ro pean Re gional 
Development Fund.
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Re com bi nant pro tein ex pres sion can be a costly en ter prise,
es pe cially for pro teins that are not eas ily ex pressed in
prokaryotic cells and are some times la belled as „dif fi cult
tar gets“. Here we would like to show a case study of a re -
com bi nant ex pres sion of such a dif fi cult tar get – hu man
nat u ral killer (NK) cell re cep tor pro tein 1 and its bind ing
part ner lectin-like tran script 1, both be long ing to the NK
cell re cep tor C-type lectin-like fam ily.

Hu man em bry onic kid ney 293 cell line de fi cient in
N-acetylglucosaminyltransferase I (HEK293S GnTI-) is
well known tool for ex pres sion of pro teins with ho mo ge -
neous and deglycosylatable N-glycosylation, a fea ture cru -
cial es pe cially for pro tein crys tal log ra phy [1]. How ever,
pro duc tion pro to col us ing this cell line based on tran sient
transfection of ad her ent cell cul ture is costly to scale-up
and has re port edly lower expression yields [2].

In this work we have adapted HEK293S GnTI- cell line
to growth in sus pen sion and op ti mized its tran sient
transfection. While transfection at stan dard cul ti va tion cell
den sity proved very lit tle suc cess we have found out that
con cen trat ing the cells to high cell den sity sub stan tially in -
creases transfection ef fi ciency, greatly en hanc ing pro tein
yields and cre at ing fast and scal able production process.

We dem on strate this on the pro duc tion of sol u ble
lectin-like tran script 1 [3] nat u rally pres ent on nat u ral killer 
and T-lym pho cytes, but upregulated in glioblastoma cells,
one of the most le thal tu mours, where it acts as a me di a tor
of im mune es cape [4]. Fur ther more, lectin-like tran script 1
has been re cently sug gested as a biomarker for B-cell
non-Hodg kin’s lym pho mas and con nected with other can -
cer ous man i fes ta tions [5]. The pre pared sol u ble do main of
lectin-like tran script 1 with ho mo ge neous glycosylation
was readily crys tal lized and fol low ing op ti mi za tion of
crys tal con di tions this pro tein prep a ra tion ul ti mately led to
the first structure determination of this receptor [6].

How ever, both of these re cep tors are pres ent on NK
cells and also on cir cu lat ing T and B lym pho cytes, with
lectin-like tran script 1 be ing also ex pressed on an ti gen pre -
sent ing cells, sug gest ing a wider role of these re cep tors in
im mune reg u la tion and re sponse. NK cell re cep tor pro tein

1 pos i tive lym pho cytes are thus be ing im pli cated to have
role in dis eases con nected with im mune mal func tions – e.g. 
mul ti ple scle ro sis [7], rheu ma toid ar thri tis [8] or Crohne’s
dis ease [9]. In or der to im prove on the pro duc tiv ity for NK
cell re cep tor pro tein 1 we are now us ing a stably
transfected HEK293S GnTI- cell pool with a tenfold yield
improvement.

This study was sup ported by BIOCEV (ERDF
CZ.1.05/1.1.00/02.0109), Czech Sci ence Foun da tion
(15-15181S), Min is try of Ed u ca tion, Youth and Sports of
the Czech Re pub lic (LG14009), Charles Uni ver sity
(UNCE 204025/2012, SVV 260079/2014), BioStruct-X and 
In struct Eu ro pean in fra struc ture pro jects.
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The Old Yel low En zyme fam ily mem bers (OYEs) are
NAD(P)H dehydrogenases con tain ing noncovalently
bound FMN. These en zymes have been re ported in bac te -
ria, yeasts, fungi, plants and in an i mals. Since 1932, when
the first  OYE pro tein was iso lated and char ac ter ized as the
first flavoprotein in gen eral,  the phys i o log i cal role of
OYEs is still un der dis cus sion. So far, more than 100 struc -
tures of OYEs have been pub lished.  It is hy poth e sized that
these en zymes may play cer tain role in cell re sponse to  ox -
i da tive stress. More over, these en zymes have  bio tech no -
log i cal and biodegradatory po ten tial and are, there fore,
sub jects of bio chem i cal and  crystalografic stud ies. 

The crys tal struc ture of glyc erol tri ni trate reductase
from Agrobacterium sp. R89-1 (XdpB) has been de ter -
mined at 2.1 C res o lu tion in its Apo form. In anal ogy to
pro teins ho mol o gous to XdpB, the en zyme has the TIM

bar rel fold with the N-ter mi nal b-hair pin lid. Un ex pect -
edly, XdpB C-ter mi nus in ter acts with the ac tive and FMN
bind ing sites of a symmetry-re lated pro tein. This in ter ac -
tion con trib utes to sta bi li za tion of the crys tal lat tice and
rep re sents a unique struc tural fea ture among anal o gous
bac te rial en zymes which has pos si ble func tional con se -
quences. There was no crys tal lo graphic ev i dence for the
pres ence of nat u ral, noncovalently bound co-fac tor FMN.

The crys tal lo graphi cally well de fined C-pentapeptide
binds to the amino acid res i dues lin ing the FMN site by an
ex ten sive net work of in ter ac tions: 10 hy dro gen bonds, 4
wa ter bridges, one CH-pi interaction with the to tal in ter ac -
tion area is about 86 C2. Con cep tu ally sim i lar autogenic
block ing as re ported here has been ob served in the crys tal
struc ture of an old yel low en zyme OPR3 from the plant
spe cies Solanum lycopersicum (PDB code 2hsa).

We ex pect the same be hav ior of other OYE pro teins
with known 3-D struc tures be cause their nat u ral in ter ac -
tions may be dis rupted with His tag ging of their C-ter mi -
nuses (e.g. in PDB 4qnw(20)). Cur rently we work on
de tailed ex pla na tion of these intermolecular in ter ac tions of
members of OYE. 

The study was sup ported by grant No. 720414 of the Grant
Agency of Charles Uni ver sity, BIOCEV CZ.1.05/1.1.00/
02.0109 from the ERDF, and by the long-term re search de -
vel op ment pro ject RVO 61388971 to In sti tute of Mi cro bi -
ol ogy CAS, v. v. i. and 86 652 036 to In sti tute of
Bio tech nol ogy. We thank Dr. M. Šulc for mass spec trom e -
try mea sure ments (Fac ulty of Sci ence, Charles Uni ver sity,
Prague, Czech Re pub lic). We thank Helmholz Zentrum
Berlin for the al lo ca tion of syn chro tron ra di a tion
beamtime.
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The dis cov ery of in trin si cally dis or dered pro teins (IDPs)
has chal lenged the tra di tional pro tein struc ture par a digm,
that pro tein func tion de pends on a fixed three-di men sional
struc ture. The var i ous branches of struc tural bi ol ogy de vel -
oped new ap proaches for the study of IDPs which are com -
pared in this work.  Delta sub unit of RNA poly mer ase from 

Ba cil lus subtilis and a reg u la tory do main of hu man ty ro -
sine hy drox y lase 1 were cho sen for stud ies be cause they
con sist of struc tured and dis or dered re gions of a sim i lar
size. RNA poly mer ase plays a fun da men tal role in the pro -
cess of pro tein syn the sis and ty ro sine hy drox y lase cat a -
lyzes hydroxylation of L-ty ro sine to L-DOPA and it is a



key en zyme in biosynthesis of do pa mine. Ex per i men tal
data such as NMR chem i cal shifts, re sid ual dipolar cou -
pling (RDC), para mag netic re lax ation en hance ment
(PRE), and SAXS data are com pared with the the o ret i cal
val ues cal cu lated from the MD tra jec tory. This com par i son 
can be used to de ter mine the ac cu racy of the cal cu lated
struc tural en sem bles and to guide de sign of ad di tional ex -
per i ments.

The pro ject is fi nanced from the SoMoPro II programme.
The re search lead ing to this in ven tion has ac quired a fi -
nan cial grant from the Peo ple Programme (Ma rie Cu rie
ac tion) of the Sev enth Frame work Programme of EU ac -
cord ing to the REA Grant Agree ment No. 291782. The re -
search is fur ther co-fi nanced by the South-Moravian
Re gion. The ar ti cle/pa per re flects only the au thor´s views
and the Un ion is not li a ble for any use that may be made of
the in for ma tion con tained therein. In ad di tion, this work

was also sup ported by Czech Sci ence Foun da tion
(15-34684L). The com pu ta tional sim u la tions were re al ized 
in the Na tional Supercomputing Cen ter IT4Innovations,
which is sup ported by The Min is try of Ed u ca tion, Youth
and Sports from the Large In fra struc tures for Re search,
Ex per i men tal De vel op ment and In no va tions pro ject
„IT4Innovations Na tional Supercomputing Cen ter –
LM2015070“. Fur ther com pu ta tional re sources were pro -
vided by the MetaCentrum un der the pro gram LM2015042
and the CERIT Sci en tific Cloud un der the pro gram
LM2015085, pro vided un der the programme “Pro jects of
Large In fra struc ture for Re search, De vel op ment, and In -
no va tions”. This re search was car ried out un der the pro -
ject CEITEC 2020 (LQ1601) with fi nan cial sup port from
the Min is try of Ed u ca tion, Youth and Sports of the Czech
Re pub lic un der the Na tional Sustainability Programme II.
This work was sup ported by Czech Sci ence Foun da tion,
grant num ber GA 13-16842S.

P48

STRUCTURAL AND BIOPHYSICAL CHARACTERIZATION OF THE PROJECTION
DOMAIN OF NEURONAL TAU PROTEIN

Nina Zemanova1, Rostislav Skrabana2,3, Maria Janubova3, Ondrej Cehlar2,3, Michal Novak2,3

1Fac ulty of Nat u ral Sci ences, Comenius Uni ver sity, Mlynska dol ina, Ilkovicova 6, 842 15 Bratislava 4,
Slovakia, zemanova.n@gmail.com

2In sti tute of Neuroimmunology, Dubravska cesta 9, 845 10 Bratislava, Slovakia
3Axon Neu ro sci ence, Dvorakovo nabrezie 10, 811 02 Bratislava, Slovakia

Tau pro tein be longs to in trin si cally dis or dered pro teins
(IDPs). IDPs do not have well de fined sec ond ary and ter -
tiary struc ture. Un der phys i o log i cal con di tions, IDP tau
pro motes tubulin mono mers as sem bly, binds to axonal
microtubules and sta bi lizes them. How ever, in a group of
neurodegenerative dis eases called tauopathies, tau pro tein
ag gre gates and ac cu mu lates in the en tire neu ron form ing
in sol u ble fibrillary de pos its – neurofibrillary tan gles. The
most prev a lent tauopathy is Alz hei mer’s dis ease, which to -

day is one of the most se ri ous health prob lems in the world.
It is lit tle known about the struc ture of tau pro tein and

its patho log i cal trans for ma tions. Re cent ev i dences sug gest
that N-ter mi nal re gion of tau pro tein is crit i cal for the sta bi -
li za tion and or ga ni za tion of cer tain types of ax ons. In this
work we are fo cus ing on struc tural and bio phys i cal char ac -
ter iza tion of N-ter mi nal pro jec tion do main of tau pro tein to 
bring some new in sights about its conformational and dy -
namic fea tures. Monoclonal an ti body AX-N1, which rec -
og nizes an epitope in the first al ter na tively spliced
N-ter mi nal in sert of tau was used as a mo lec u lar probe. 

We have per formed a crys tal li za tion study of AX-N1
an ti body Fab frag ment alone and in the com plex with tau
pep tides. We have found crys tal li za tion con di tions for all
tested sys tems; crys tals of Fab frag ment alone dif fracted to
3.8 C on a lab o ra tory X-ray source. For bio phys i cal char ac -
teri sa tion we used ELISA and sur face plasmon res o nance
(SPR). With SPR we have de ter mined bind ing rate con -
stants of tau polypeptide 31-441 and tau pro tein 1-441 with 
AX-N1 Fab frag ment. The re sults show that full-length tau
pro tein isoform has higher as so ci a tion rate con stant and
lower dis so ci a tion rate con stant then trun cated tau.
cELISA re vealed that the AX-N1 af fin ity is en hanced in
the pres ence of the sec ond al ter na tively spliced N-ter mi nal
in sert and in the ab sence of the sec ond al ter na tively spliced
re peat in the C-ter mi nal part. There fore, the three-re peat
tau pro tein isoforms are more prone to bind the an ti body
then the four-re peat isoforms. Ob tained re sults sug gest dif -
fer ent con fig u ra tion of the first tau in sert in the con text of
var i ous tau pro tein isoforms.
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Förster res o nance en ergy trans fer (FRET) is a spec tro -
scopic method widely used to de ter mine  inter- and intra -
mole cular dis tances of biomolecules through dis tance
de pend ent en ergy trans fer be tween two fluorophores.
Apart from dis tances, the ef fi cien cies of FRET also sig nif i -
cantly de pend on the mu tual ori en ta tion of the fluorophores 
which are gen er ally not ac ces si ble to ex per i ments and of -
ten crudely as sumed to be iso tro pic. This as sump tion might 
be come es pe cially in valid for dyes at tached to pro tein sur -
faces where spe cial in ter ac tions can be formed and cause
the dye ori en ta tions de vi ate far from iso tro pic. In or der to
im prove in ter pre ta tion of FRET mea sure ments, over all dy -
nam ics of the dyes at tached to the pro tein can be probed by
mo lec u lar dy nam ics (MD) sim u la tion. Ob tained en sem ble
av er aged val ues of FRET ef fi ciency can be di rectly com -
pared to the ex per i men tal val ues.    

In this study we sim u lated set of se lected do nor and ac -

cep tor fluorophores con nected to the 14-3-3z pro tein. For
that pur pose we pre pared force-field pa ram e ters for the
sim u lated la bels com pat i ble with the 54A7 GROMOS
force-field. Our MD sim u la tions in di cate strong ten dency
of the dyes to in ter act with pro tein sur face what sig nif i -
cantly re stricts the range of pos si ble ori en ta tions. How ever
the tran si tions be tween po ten tial in ter ac tion sites are very
slow, what may hin der proper sam pling. We note that for
two FRET pair vari ants the do nor-ac cep tor dis tances and
ori en ta tion fac tors dif fer con sid er ably which re sults in sig -
nif i cant dif fer ences in cal cu lated FRET ef fi cien cies.  

The pro ject is fi nanced from the SoMoPro II programme.
The re search lead ing to this in ven tion has ac quired a fi -
nan cial grant from the Peo ple Programme (Ma rie Cu rie
ac tion) of the Sev enth Frame work Programme of EU ac -
cord ing to the REA Grant Agree ment No. 291782. The re -
search is fur ther co-fi nanced by the South-Moravian
Re gion. The ar ti cle/pa per re flects only the au thor´s views
and the Un ion is not li a ble for any use that may be made of
the in for ma tion con tained therein. In ad di tion, this work
was also sup ported by Czech Sci ence Foun da tion
(15-34684L) and MOBILITY grant CZ 14/2015, WTZ
Tschechien 2015-16. The com pu ta tional sim u la tions were
re al ized in the Na tional Supercomputing Cen ter
IT4Innovations, which is sup ported by The Min is try of Ed -
u ca tion, Youth and Sports from the Large In fra struc tures
for Re search, Ex per i men tal De vel op ment and In no va tions
pro ject „IT4Innovations Na tional Supercomputing Cen ter
– LM2015070“. Fur ther com pu ta tional re sources were
pro vided by the MetaCentrum un der the pro gram
LM2015042 and the CERIT Sci en tific Cloud un der the pro -
gram LM2015085, pro vided un der the programme “Pro -
jects of Large In fra struc ture for Re search, De vel op ment,
and In no va tions”. This re search was car ried out un der the
pro ject CEITEC 2020 (LQ1601) with fi nan cial sup port
from the Min is try of Ed u ca tion, Youth and Sports of the
Czech Re pub lic un der the Na tional Sustainability
Programme II.
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Tran sient re cep tor po ten tial ankyrin 1 (TRPA1) is a
polymodal ion chan nel sen si tive to nox ious chem i cal
agents. It is mainly ex pressed in pe riph eral nociceptor neu -
rons. TRPA1 agonists in clude a broad class of
electrophiles that ac ti vate the chan nel through co va lent
mod i fi ca tion of re ac tive cysteines. It has been gen er ally be -
lieved that the N-ter mi nus is a key tar get for electrophiles

[1, 2]. How ever, re cent re sults of Moparthi et al. [3]
showed that hu man TRPA1 is ac ti vated by electrophilic
com pounds even in the ab sence of the N-ter mi nal do main.
When ac ti vated, TRPA1 is par tially cal cium se lec tive and
per me at ing Ca2+ ions crit i cally reg u late its gating by pro -
mot ing both potentiation and in ac ti va tion [4]. The mo lec u -



lar de tails be hind these pro cesses re main un known as well
as the na ture of weak TRPA1 volt age sen si tiv ity. 

Here, we in ves ti gate the in volve ment of TRPA1 sen sor
do main, the bun dle of S1-S4 he li ces, in electrophile sen si -
tiv ity. Transmembrane lo ca tion of this do main re quires
care ful con sid er ation of the con tri bu tion of volt age- and
Ca2+- de pend ent mod u la tion of the chan nel gating. There
are 6 cysteine res i dues within the transmembrane part of
each TRPA1 sub unit. All of them rep re sent pos si ble tar gets 
for co va lent mod i fi ca tions dur ing stim u la tion by mem -
brane per me able electrophilic agonists. Us ing the site di -
rected mu ta gen e sis and whole-cell electrophysiology we
iden ti fied C856A mu tant to have det ri men tal ef fect on
TRPA1 gating with re mark able de pend ence on mem brane
volt age po lar ity and ag o nist char ac ter. More over, we were
able to char ac ter ise two more alanine mu ta tions that share
very sim i lar unique phe no type. Both are lo cated at the

intracellular side of S1-S4 bun dle and both are ap prox i -
mately equally em bed ded in mem brane yet prob a bly spa -
tially dis tant of each other. Thanks to the re cently
pub lished 3D struc ture of the TRPA1 chan nel [5] we were
able to build a re li able homology model, which showed
that both res i dues are ori ented into the splayed open lower

ves ti bule of the S1-S4 sen sor do main. The re sults al low us
to sug gest that the shape of these solvated ves ti bules of
TRPA1 chan nel tetramer is a critical determinant of its
voltage sensitivity and, by extension, an essential
component of TRPA1 gating machinery.
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CHARACTERIZING NANOPARTICLES IN LIQUIDS: PROTEIN AGGREGATION
STUDIES 

Roberto Ghiandoni 

Malvern In stru ments Lim ited, Lon don Road, Minton Park, Amesbury, Wiltshire, SP4 7RT UK

Many pa tients’ lives have been im proved with the use of
monoclonal an ti bod ies and re com bi nant pro teins since
their com mer cia li sation some thirty years ago. Work in the
field of ther a peu tic pro teins con tin ues to be at trac tive for
ac a de mia, pharma and biotechs with the global ther a peu tic
pro teins mar ket fore cast to reach an es ti mated $141.5 bil -
lion in 2017 with monoclonal an ti bod ies, insulins,
interferons, growth hor mones and blood fac tors be ing just
some of the ar eas of interest1. As large, macromolecules,
work ing with pro teins brings up an ar ray of chal lenges that
are not gen er ally en coun tered when work ing with tra di -
tional, small mol e cule ther a peu tics. They have com plex
3-D struc tures that need to be main tained for bind ing ef fi -
cacy, are gen er ally more prone to deg ra da tion in the body
and their syn the sis is typ i cally achieved in a bi o log i cal host 
thus re quir ing pu ri fi ca tion from com plex me dia. 

For a pro tein ther a peu tic to be ef fi ca cious it needs to be
avail able in its monomeric form, but a fur ther key fea ture
of pro tein mol e cules is their ten dency, to vary ing de grees,
to ag gre gate. This ag gre ga tion can prog ress more quickly
or even be ini ti ated when the pro tein is sub jected to stress
such as ex po sure to in ter faces (air-liq uid or solid liq uid, for 
ex am ple), light or changes in tem per a ture, ionic strength or 
pH [1, 2].  Un for tu nately these stresses are of ten in her ent in 
the syn the sis, pu ri fi ca tion, pack ag ing, trans port, stor age
and use of pro teins. The for ma tion of ag gre gates pro duces
a wide spec trum of sizes, types and life times [3]. The
mech a nisms or path ways in volved in ag gre ga tion, in many

cases, are not well un der stood and are nu mer ous, vary ing
from pro tein to pro tein and mul ti ple mech a nisms can oc cur
within the same sam ple [4].

When pre scribed to a pa tient, ther a peu tic pro teins are
dosed as liq uid for mu la tions, of ten be ing pro duced
prefilled in sy ringes which are usu ally lu bri cated with sil i -
con oil. The oil, along with other par tic u late de bris that
may be in tro duced with the pro cess ing of the pro tein can
also serve as sites for ag gre gate for ma tion due to het er o ge -
neous nu cle ation [5].

As with all ther a peu tics, liq uid for mu la tions are reg u -
lated and are sub ject to US Phar ma co poeia <788> light
obscuration test which since 1995 have set lim its on the al -
low able num ber of sub-vis i ble par ti cles that are > 25 µm
and > 10 µm as < 600/con tainer and < 6000/con tainer, re -
spec tively.  These sizes are more to con trol lev els of pro -
cess de bris that could po ten tially block blood ves sels,
whilst the risks as so ci ated with the ad min is tra tion of large
ag gre gated pro tein par ti cles were not known at the time of
in the es tab lish ment of USP light obscuration test <788>
[2].    Sub-vis i ble pro tein par ti cles 100 nm -10 µm, as well
as those that are larger have the po ten tial to im pact the
safety and ef fi cacy of the ther a peu tic over its shelf life [2]. 
Fur ther more, small ag gre gates can grow into larger ones
and even tu ally be come the size and num ber to ex ceed the
lim its set out USP<788>. When work ing with pro teins at
any stage of re search, de vel op ment and pro duc tion, it is
im por tant to un der stand and con trol the pro file of the
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smaller ag gre gates in or der to iden tify the point of ag gre ga -
tion on set. The mea sure ment of small ag gre gates has his -
tor i cally been in ves ti gated us ing Size Ex clu sion
Chro ma tog ra phy (SEC). How ever this tech nique gives a
read out of mass frac tion and re lies on hav ing 100% sam ple
re cov ery to be sure of the data pro file; even 99% re cov ery
means 1% of a par tic u larly large ag gre gate may have been
lost [3]. Sub-vis i ble par ti cles usu ally do not con sti tute a
suf fi cient mass frac tion to be quan ti fied [2].  In ad di tion,
the method of SEC re quired sub stan tial di lu tion of the sam -
ple which it self can change the ag gre ga tion pro file. Tech -
niques that can count and size individual species in
undiluted therapeutic proteins may be more appropriate
than mass fraction methods when studying protein
aggregation.

Nanoparticle track ing anal y sis (NTA, Malvern In stru -
ments Ltd., Wiltshire, is a method of vi su al iz ing and an a -
lyz ing par ti cles in liq uids that re lates the rate of Brownian
mo tion to par ti cle size. The rate of move ment is re lated
only to the vis cos ity of the liq uid, the tem per a ture, and the
size of the par ti cles, and gen er ates a high res o lu tion par ti cle 
size dis tri bu tion by siz ing each par ti cle in di vid u ally along
with giv ing an es ti ma tion of the con cen tra tion of par ti cles
pres ent in the sam ple [6]. Due to the low re frac tive in dex of 
pro tein, the limit of de tec tion in NTA mea sure ment is ap -
prox i mately 30 nm. This means that the pro tein mono mer
units which are typ i cally in the range 3-10 nm are not mea -
sured by NTA, but ag gre gates com prised of a few mono -
mers to many thou sands of units can be sized and counted.
As it is not nec es sary to di lute the sam ple to ob tain the par -
ti cle size dis tri bu tion the ag gre ga tion pro file is not changed 
due to sam ple pro cess ing.  

Dy namic light scat ter ing (DLS) or pho ton cor re la tion
spec tros copy (PCS), is a com monly used siz ing tech nique
that also has its ba sis in Brownian mo tion, but un like NTA,
the light scat tered from all the par ti cles in the sam ple is
mea sured as a whole, thereby giv ing a sin gle av er age size
mea sure ment for the sam ple, along with a guide to the level 
of polydispersity of the sam ple [7]. As with NTA, the
smaller par ti cles scat ter smaller amounts of light and larger
par ti cles scat ter more light. The over all fluc tu a tions in the
scat tered light over time are used to cal cu late the size of the
par ti cle pop u la tion.   Since the in ten sity of the scat ter is of a 
fac tor r6, this al lows the pro tein mono mer to be sized but a
few larger par ti cles in a pop u la tion can greatly skew the
data ob tained, and the tech nique strug gles to re solve very
poly dis persed mix tures which, as dis cussed above, are
often observed when measuring protein solutions. 

When NTA and DLS tech nol o gies are used with the
sam ple pro tein sam ple the data from both can be used to
anal y sis of both mono mer and ag gre gates. Us ing heat (50
oC), 1mg/mL IgG has ag gre gated over time, with the par ti -
cles scat ter ing light in creas ing in num ber and in ten sity
when ob served in the NanoSight NS500 fit ted with a
635nm la ser.  At each time point, the NTA and DLS mea -
sure ments were taken and size data for both the mono mer
and the ag gre gates could be ob served. Af ter 20 min utes of

ther mally in duced ag gre ga tion, the mono mer peak de -
scribed with DLS showed a sphere equiv a lent hy dro dy -
namic ra dius of approx 10 nm, with NTA mea sur ing
ag gre gate par ti cles start ing ap prox i mately 30 nm, with
peaks ob served at 50 and 85 nm and the larg est ag gre gates
be ing ap prox i mately 300 nm. Since NTA also gives an es ti -
ma tion of par ti cle con cen tra tion, the in crease in par ti cle
num ber dur ing the time course of the ther mal ag gre ga tion
could also be tracked. These data sug gest that for thirty
min utes there are min i mal ag gre gates above 30 nm in size.
From thirty to 100 min utes, the num bers of ag gre gates at 30 
nm or larger re mains sta ble and af ter this time the num ber
of ag gre gates ap pear to in crease in a more ex po nen tial
man ner. Us ing NTA and DLS size data and NTA con cen -
tra tion data from the same sample gives an information rich 
solution when studying the complex area of protein
aggregation. 

To pre vent the pres ence of large ag gre gates ren der ing a
pro tein ther a peu tic un suit able for pa tients, sci en tists need
to have an un der stand ing of where in the pro cess of syn the -
sis, pu ri fi ca tion, pack ag ing, trans port, stor age and use the
pro teins mono mer units be gin to ag gre gate to gether. By
tak ing size dis tri bu tion mea sure ments with NTA and DLS
at dif fer ent points in the pro cess en ables sci en tists to iden -
tify the point where ag gre ga tion be gins. This point/step can 
then be re viewed and po ten tially mod i fied to prevent or
slow the formation of protein aggregates.

More in for ma tion on the men tioned prod ucts can be ob -
tained from com pany Anamet, www.anamet.cz. 
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