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Mem bers of the S1-P1 nuclease fam ily are zinc de pend ent
phosphoesterases found in plants, fungi, pro to zoa and
some bac te ria. These nu cleases have many im por tant roles
in or gan isms, such as spe cific apoptotic func tions, stress
re sponse to viroid pathogenesis [1], scav eng ing for nu tri -
ents, or symbiont-host in ter ac tions [2]. They are of ten uti -
lized in bio chem is try and bio tech nol ogy and have po ten tial 
med i cal ap pli ca tions [3]. S1 nuclease from Aspergillus
oryzae is a sin gle–strand spe cific nuclease with 3’-mono -
nucleo tidase ac tiv ity and 5’-mononucleotides, mono -
nucleosides as well as phos phate ions are its prod ucts and
at the same time com pet i tive in hib i tors.

From pre vi ous stud ies non-spec i fic ity of S1 nuclease to 
nucleobases and its abil ity to re model its ac tive site is
known [4]. The aim of this work is to an a lyze the dif fer -
ences in the bind ing of DNA and RNA in the S1 nuclease
ac tive site. Our study is based on two new struc tures at high 
res o lu tion of S1 nuclease in com plex with uridine and

cytidin-5’-monophosphate (prod ucts of RNA cleav age)
and their com par i son with the al ready known struc tures of
com plexes of S1 nuclease with DNA prod ucts. Struc tural
data are com ple mented with bio phys i cal tech niques in or -
der to ex plain ob served dif fer ences in the ac tiv ity of S1
nuclease against DNA and RNA.

This work was sup ported by MEYS CR (LM2015043
CIISB) and by the ERDF fund (CZ.02.1.01/0.0/0.0/
16_013/0001776).
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14-3-3 pro teins are a fam ily of highly con served mol e cules
which were found in all eukaryotes. They in ter act with and
reg u late the func tion of hun dreds of dif fer ent pro teins by
rec og niz ing spe cific phosphoserine- or phospho threonine- 
con tain ing mo tifs. Thus 14-3-3 are in volved in many im -
por tant phys i o log i cal pro cesses such as: reg u la tion of cell
cy cle, sig nal transduction, me tab o lism, gene tran scrip tion
or apoptosis. We fo cused on un der stand ing of the 14-3-3
pro tein func tion in the reg u la tion of the neu tral trehalase
(Nth1, EC 3.2.1.28) from Saccha ro myces cere visiae. This
en zyme hy dro ly ses disaccharide trehalose and helps yeasts
to sur vive dif fer ent stress con di tions. Nth1 can be

phosphorylated by PKA and/or CDK1. Its ac tiv ity is en -
hanced by the yeast 14-3-3 pro tein (Bmh1) bind ing [1, 2]
and/or by Ca2+ bind ing within the EF- hand- like mo tif con -
tain ing do main [3]. 

For re veal ing of the mech a nism of the 14-3-3- and
Ca-de pend ent ac ti va tion of Nth1, solv ing the struc ture of
Nth1 and its com plex with 14-3-3 pro tein we used site-di -
rected mu ta gen e sis, en zyme ac tiv ity mea sure ments, MST,
H/D ex change cou pled to MS, SAXS and pro tein crys tal -
log ra phy.

Our crys tal struc ture of full-length Nth1 in com plex
with 14-3-3 pro tein pro vides a de tailed mech a nis tic in sight
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into the role of 14-3-3 pro teins in ac ti vat ing Nth1 [4]. We
proved that 14-3-3 pro tein bind ing in duces a re ar range -
ment of the whole Nth1 mol e cule and en ables the proper
three-di men sional con fig u ra tion of the pNth1 cat a lytic and
cal cium-bind ing do mains rel a tive to each other. The com -
plex for ma tion sta bi lizes the in trin si cally dis or dered N-ter -
mi nal part of Nth1 and more over 14-3-3 pro tein di rectly
in ter acts also with the sep a rate Ca-bind ing do main of Nth1. 
Thus the EF-hand-like mo tif can func tion as an in ter me di -
ary through which the 14-3-3 pro tein mod u lates the struc -
ture and func tion of the cat a lytic do main of Nth1. This
pro cess sta bi lizes the flex i ble part of Nth1 ac tive site, so
called “lid” loop, which com pletes the ac tive site of pNth1
by pro vid ing side-chains im por tant for ca tal y sis and is cru -
cial for the Nth1 ac ti va tion. Our crys tal struc ture of fully
ac tive Nth1 bound to yeast 14-3-3 pro tein Bmh1 pro vides
the first high-res o lu tion view of the neu tral trehalase from

eukaryotic or gan ism as well as high lights the ability of
14-3-3 proteins to modulate the tertiary structure of a
multi-domain binding partner.
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An ces tral se quence re con struc tion is a pow er ful ap proach
al low ing the res ur rec tion of an cient en zymes based on se -
quences pre dicted by a phylo gen etic anal y sis [1]. In this
pro ject, we pre dicted five an ces tral en zymes (AncHL -
D1-5) of haloalkane dehalogenase be long ing to subfamily
II and rep re sent ing the an ces tors of the thor oughly char ac -
ter ized dehalogenases DbjA [2], DbeA [3], DhaA [4],
DmxA[5] and DmmA[6]. Res ur rected en zymes were
overexpressed in Esch e richia coli, pu ri fied to ho mo ge ne -
ity, con cen trated to 10 mg/ml and used for crys tal li za tion
ex per i ments.  All crys tal li za tion tri als were per formed by
us ing the sit ting-drop va por-dif fu sion method at 23 °C.
The crys tals of AncHLD2, AncHLD3 and AncHLD5
grown dur ing the ini tial screen ing, were used for X-ray dif -
frac tion data col lec tion and a com plete data sets were col -
lected to a res o lu tion of 1.7, 1.3 and 1.8 C res o lu tion,
re spec tively. Ob tained microcrystals of AncHLD1 and
AncHLD4 are cur rently op ti mized by vari a tion of en zyme
con cen tra tion, pH and pre cip i tant con cen tra tion. The struc -
ture of AncHLD2, AncHLD3 and AncHLD5 was solved
by mo lec u lar re place ment us ing the struc ture of DbjA
(PDB ID 3AFI) [7] as a search model. Sim i larly to de scen -
dant haloalkane dehalogenase en zymes, an ces tral en zymes
con sists of two do mains, the con served main do main

formed by eight-stranded b-sheet with b2 ly ing in an
antiparallel ori en ta tion with re spect to the di rec tion of the

b-sheet sur rounded by 6 a-he li ces. The sec ond vari able

cap do main con sists of five a-he li ces. Dur ing re fine ment
of the crys tal struc ture of AncHLD2, two chlo ride an ions
were de tected in the vi cin ity of the en zyme ac tive site. The
first chlo ride an ion oc cu pied the prod uct-bind ing site and
in ter acts with two con served ha lide-sta bi liz ing res i dues.
The sec ond chlo ride an ion was lo cated about 10 C from the 
product-bind ing site and is bur ied deep in the pro tein core.
The sec ond ha lide-bind ing site has pre vi ously been ob -
served in the struc ture of DbeA, the closely re lated de scen -
dant coun ter part of AncHLD2. Com par i son of struc tures
of an ces tral en zymes with struc tures of de scen dants ac -
com pa nied by dy namic sim u la tions will pro vide de tailed
in sight into their cat a lytic prop er ties.
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Gene trans fer agents (GTA), the vi rus-like par ti cles of cer -
tain al pha-proteo-bac te ria, rep re sent the most so phis ti cated 
sys tem of hor i zon tal gene trans fer in prokaryotes dis cov -
ered to date. Here, we re port the struc ture of Rhodobacter
capsulatus GTA. 

A novel pu ri fi ca tion method of GTA was de vel oped,
com bin ing an ion-ex change chro ma tog ra phy on metha -
crylate mono lith col umns with ul tra cen tri fu ga tion in su -
crose gra di ent. This method re sulted in > 95 % pure sam ple 
of full and empty GTA par ti cles with ra tio = 2:3. Cryo-EM
stud ies re vealed func tion ally im por tant dif fer ences be -
tween GTA and bac te rio phages in the capsid ge om e try.
There are two types of GTA par ti cles. The mi nor one (1 %
of all par ti cles) pos sess icosahedral head, with the tri an gu -
la tion num ber T = 3. The more prev a lent one (99 % of all
par ti cles) pos sess ob late head (icosahedron short ened
along five fold axis), with the tri an gu la tion num ber for the
cen ter body Q = 3, re sult ing in the com pres sion value in re -
spect to spher i cal capsid of dQ = -3. To our knowledge this
is the first structure with negative dQ value ever observed.

The capsid is com posed out of ma jor capsid pro tein
with HK97 fold, dec o rated with head spikes on the capsid
pentons. The por tal and the tail pro teins are ho mol o gous to
those of phages from the fam ily Siphoviridae. The tail of
GTA con tains 6 hexamer rings, with an es ti mated rise of
38.1 C, the rel a tive twist of the disks is yet un de ter mined.
The por tal, neck, and tail of the full GTA par ti cle con tain

in ter nal cen tral den sity of un known or i gin, which is not ob -
serv able in the empty par ti cle. Sim i lar struc ture is not pres -
ent in phages and may play a role in trans duc ing of a sig nal
to ini ti ate ge nome-re lease. This dif fers from the
conformational changes of base plate, tail, and neck that
trig ger the ge nome re lease of phages.

The base plate of GTA pos sess C3 sym me try and has
been re con structed to the res o lu tion of 6.1 C. It is the only
part of GTA struc tural lo cus with higher than 50% se -
quence sim i lar ity to known phages. Gp12 forms hexamer
disc at the tip of the tail, gp13 forms cen tral hub, and gp15
forms re cep tor bind ing tri mers con nected to the hub. The
tail fi ber is en coded in ge nome lo cus dis tinct from that,
which en codes the rest of the base plate, re veal ing com plex
evo lu tion of the base plate as sem bly.

Our re sults show more dis tant evo lu tion ary re la tion ship 
be tween GTAs and phages then pre vi ously thought, and re -
veal a strat egy that en abled bac te ria to uti lize its par a site for 
own purposes.

CIISB re search in fra struc ture pro ject – LM2015043,
IT4Innovations Na tional Supercomputing Cen ter –
LM2015070, and the Na tional Grid In fra struc ture Meta -
Centrum  – LM2015042 funded by by The Min is try of Ed u -
ca tion, Youth and Sports of the Czech Re pub lic are
grate fully ac knowl edged. This work was sup ported by
Grant Agency of the Masaryk Uni ver sity (MUNI/A/0824/
2017).
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Staph y lo coc cus aureus causes a range of ill nesses from mi -
nor skin in fec tions to life-threat en ing pneu mo nia, men in gi -
tis, and sep sis. Fur ther more, many S. aureus strains,
par tic u larly those iso lated from hos pi tals, carry genes for
re sis tance to an ti bi ot ics. An nual med i cal ex penses caused
by S. aureus in fec tions in the EU and US were es ti mated to
be more than €380 mil lion [1] and $2 bil lion, re spec tively.
In 2017, the World Health Or ga ni za tion listed S. aureus
among the twelve most threat en ing an ti bi otic-re sis tant
patho gens for which new treat ments are ur gently needed.
Phage ther apy is an al ter na tive to an ti bi ot ics for treat ment

of staph y lo coc cal in fec tions. Phage phi812K1/420 in fects
95% of Methicilin-sen si tive S. aureus strains and at least
75 % of Methiciline-re sis tant strains [2]. How ever, be fore
it can be ap plied as ther a peu tics, it is im por tant to know the
de tailed struc ture of the vi rus par ti cle. Here we show the
cur rent state of struc tural re search of phage phi812K1/420
pro teins BmpA, B, and C. BmpA and BmpB are be ing op ti -
mized for ex pres sion. BmpC was succesfully crystallyzed
and dif frac tion data were re cently col lected. All pro teins
are part of the base plate, which is re spon si ble for the at -
tach ment of the phage to host cell. The struc ture de ter mi na -
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tion of the base plate pro teins can re veal im por tant
informations about the in fec tion pro cess. We an tic i pate our 
study to be an other step in in tro duc tion of staph y lo coc cal
phages as ther a peu tic agents.

1. Eu ro pean Cen tre for Dis ease Pre ven tion and Con trol/Eu ro -
pean Med i cines Agency (ECDC/EMEA). Joint tech ni cal
re port The bac te rial chal lenge: time to re act. Stock -
holm:ECDC/EMEA; 2009. Avail able

from: http://www.ecdc.europa.eu/en/publications/Publicati
ons/0909_TER_The_Bacterial_Challenge_Time_to_React.
pdf

2. Nováèek, J., Šiborová, M., Benešík, M., Pantùèek, R.,
Doškaø, J. and Plevka, P. 2016. Struc ture and ge nome de -
liv ery mech a nism of Staph y lo coc cus aureus phage ther apy
agent phi812-K1 de ter mined by cryo-elec tron mi cros copy.
Eu ro pean Mi cros copy Con gress 2016: Proceedings. 65.

P6

CRYSTALLIZATION STUDIES OF NOVEL HALOALKANE DEHALOGENASE DgaA
FROM GLACIEOCOLA AGARYLITICA NO2

Ivana Berkova1, Tatyana Prudnikova1,2, Michal Kuty1,2, Radka Chaloupkova3, 
Jiri Damborsky3, Ivana Kuta Smatanova1,2

1Uni ver sity of South Bo he mia in Ceske Budejovice, Fac ulty of Sci ence, Branisovska 1760, 
370 05 Ceske Budejovice

2Acad emy of Sci ence of the Czech Re pub lic, Cen ter for Nanobiology and Struc tural Bi ol ogy IMB, 
Zamek 136, 373 33 Nove Hrady

3Loschmidt Lab o ra to ries, De part ment of Ex per i men tal Bi ol ogy and Re search Cen tre for Toxic Com pounds in 
the En vi ron ment RECETOX, Fac ulty of Sci ence, Masaryk Uni ver sity, Kamenice 5/A13, 625 00 Brno, 

Czech Republic 

Haloalkane dehalogenases (HLDs) are mi cro bial en zymes
that have at tracted sig nif i cant in ter est be cause of their abil -
ity to cat a lyze the ir re vers ible hy dro ly sis of a wide range of
halogenated com pounds. These en zymes can be used as
po ten tial ap pli cants in in dus trial ca tal y sis, in the biore -
mediation and the biosensing of en vi ron men tal pol lut ants.
Novel haloalkane dehalogenase DgaA (EC 3.8.1.5, HLDs)

be long ing to the superfamily of a/b hy dro las es, was iso -
lated from a psychrophilic and mod er ately halophilic or -
gan ism, Glaciecola agarilytica NO2, that was found in
ma rine sed i ment col lected from the East Sea, Korea. The
pu ri fied pro tein di a lyzed against 50mM Tris HCl buffer
(pH 7.5) over night and stored at 193 K was used for crys -

tal li za tion ex per i ments in the con cen tra tion of 13.6 mg
ml-1. Screen ing for crys tal li za tion con di tions has been per -
formed by Oryx crys tal li za tion ro bot (Douglas In stru -
ments, Ltd., UK) us ing sit ting drop vapour dif fu sion
method. Com mer cial crys tal li za tion screen In dex HR2-144 
(Hampton Re search, USA) was used for screen ing of
DgaA crys tal li za tion con di tions. Futher op ti mi za tion to
find suc cess ful crys tal li za tion con di tions will be start ing
point for fur ther re search fo cused on struc ture de ter mi na -
tion and and de scrip tion of pro tein func tion.

The work was sup ported from GACR 17-24321S, GAJU-
149/2016/P.
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In fec tion caused by an ti bi otic-re sis tant S. aureus strains
are dif fi cult to treat and can in duce life-threat en ing symp -
toms. Be cause of the slow de vel op ment of new an ti bi ot ics,
al ter na tive treat ments are be ing looked for. One of the
prom is ing ap proaches is phage ther apy em ploy ing bac te -
rial vi ruses (phages) [1, 2]. Phage phi812K1/420 from the
fam ily Myoviridae in fects and kills S. aureus cells [3]. The
phage can in fect 95 % of S. aureus strains, in clud ing those
re sis tant to an ti bi ot ics. Such a wide host range makes the
phage phi812K1/420 a prom is ing agent for phage ther apy.

Re cep tor Bind ing Pro tein 1 (RBP1) is lo cated in the
base plate of the phage phi812K1/420 [4]. At the on set of
in fec tion, RBP1 binds to spe cific re cep tor at the sur face of
S. aureus and en ables at tach ment of the phage to the bac te -
rial sur face. The goal of this pro ject is to de ter mine the
RBP1 struc ture us ing X-ray crys tal log ra phy and cryo-elec -
tron mi cros copy. Key in ter ac tions of RBP1 with S. aureus
cell wall re cep tors will be stud ied with bio chem i cal and
bio phys i cal as says, such as glycan ar ray or dif fer ence scan -
ning fluorimetry. RBP1 char ac ter iza tion will help to com -
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plete our un der stand ing of the phage in fec tion pro cess and
al low de sign of phi812 vari ants tar geted against spe cific
S. aureus strains.

1. A. A. Cisek, I. D¹browska, K. P. Gregorczyk, and Z.
Wy¿ewski, “Phage Ther apy in Bac te rial In fec tions Treat -
ment: One Hun dred Years Af ter the Dis cov ery of Bac te rio -
phages,” Curr. Microbiol., vol. 74, no. 2, pp. 277–283,
Feb. 2017.

2. B. K. Chan, S. T. Abedon, and C. Loc-Carrillo, “Phage
cock tails and the fu ture of phage ther apy,” Fu ture
Microbiol., vol. 8, no. 6, pp. 769–783, Jun. 2013.

3. R. Pantùèek et al., “The Polyvalent Staph y lo coc cal Phage

j812:Its Host-Range Mu tants and Re lated Phages,” Vi rol -
ogy, vol. 246, no. 2, pp. 241–252, Jul. 1998.

4. J. Nováèek, M. Šiborová, M. Benešík, R. Pantùèek, J.
Doškaø, and P. Plevka, “Struc ture and ge nome re lease of
Twort-like Myoviridae phage with a dou ble-lay ered base -
plate,” Proc. Natl. Acad. Sci., vol. 113, no. 33, pp.
9351–9356, Aug. 2016..
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We pres ent a uni ver sal nu cleic ac ids struc tural al pha bet
suit able for conformational anal y sis of DNA as well as
RNA struc tures. The un der ly ing lo cal conformational
classes as signed at a level of dinucleotide “step” are char -
ac ter ized by seven tor sion an gles of the sugar-phos phate
back bone and two tor sion an gles around two glycosidic
bonds, sup ple mented by em pir i cally de ter mined pa ram e -
ters. Our pre vi ous def i ni tion of 44 DNA conformational
classes [1,2] was ex tended to in cor po rate also RNA con -
form ers.

The conformational classes are built on a sub set of
RNA con form ers de fined pre vi ously [3] and classes newly
de fined by means of hi er ar chi cal clus ter ing of avail able
struc tural data. The nec es sary struc tural in for ma tion was
ex tracted from a se quen tially non-re dun dant set of high
res o lu tion crys tal struc tures con tain ing about 60 and 60
thou sands steps for DNA and RNA, re spec tively. We have

ob tained more than 70 conformational classes cov er ing the
com bined structural variability of DNA and RNA.

We have found that many of the pre vi ously de fined
DNA conformational classes are shared among nu cleic ac -
ids and are suit able for RNA de scrip tion. They dif fer in rel -
a tive oc cur rence, whereas in DNA B-forms pre vail and
A-forms are less com mon, A-forms are the most prev a lent
in RNA. The most sig nif i cant fea ture of new confor -
mational classes unique for RNA is the high oc cur rence of
non-stacked steps. In spite of the ap par ent struc tural flex i -
bil ity of RNA, the con for ma tions rarely found in DNA
com prise only about one third of all characterized classes.

1. Schnei der et al., Acta Cryst. D 2018, 74, 52-64.

2. Schnei der et al., Genes (Basel) 2017, 8, 278.

3. Richardson et al., RNA 2008, 14, 465–481.
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Bacteriophage phi812 is a lytic phage from the fam ily
Myoviridae. Phi812 in fects most staph y lo coc cal strains in -
clud ing those re sis tant to an ti bi ot ics [1]. The struc ture of
this bacteriophage was pre vi ously de ter mined by cryo elec -
tron mi cros copy [2] but func tions of in di vid ual pro teins re -
main un clear. Here we pres ent our work to wards re solv ing
the struc ture of pro tein gp99 that forms the neck re gion of

phi812. The pro tein may play a role in a reg u la tion of the
ge nome re lease from the virion dur ing in fec tion. Gp99 was 
cloned and ex pressed in E. coli and pu ri fied by af fin ity and
size ex clu sion chro ma tog ra phy. A suit able crys tal li za tion
con di tion was found and X-ray dif frac tion data with a res o -
lu tion of 2.3 C were col lected. To solve the phase prob lem,
a va ri ety of meth ods had been tried, in clud ing mo lec u lar
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re place ment, heavy atom soak ing and co-crys tal li za tion,
and seleno-methionine in cor po ra tion. The struc ture of
gp99 will help ex plain the mech a nism of bac te rial in fec tion 
by bacteriophage. As there is a ris ing num ber of an ti bi otic
re sis tant bac te rial strains caus ing se vere ill nesses, phage
ther apy has a high po ten tial. For this pur pose, de tailed
knowl edge of bac te ria-phage in ter ac tions is vi tal.

1. Pantùèek, R., Rosypalová, A., Doškaø, J., Kailerová, J.,
Rùžièková, V., Borecká, P., Snopková, S., Horváth, R.,
Götz, F., Rosypal, S. “The Polyvalent Staph y lo coc cal

Phage Phi 812: Its Host-Range Mu tants and Re lated
Phages.” Vi rol ogy., U.S. Na tional Li brary of Med i cine, 5
July 1998, www.ncbi.nlm.nih.gov/pubmed/9657943.

2. Nováèek, J., Šiborová, M., Benešík, M., Pantùèek, R.,
Doškaø, J., Plevka, P. “Struc ture and Ge nome Re lease of
Twort-like Myoviridae Phage with a Dou ble-Lay ered
Base plate.” Pro ceed ings of the Na tional Acad emy of Sci -
ences of the United States of Amer ica., U.S. Na tional Li -
brary of Med i cine, 16 Aug. 2016,
www.ncbi.nlm.nih.gov/pubmed/27469164.
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VIRION STRUCTURE AND INHIBITION OF GENOME RELEASE OF
HUMANECHOVIRUS 18

Da vid Buchta, Yevgen Levdansky, Tibor Füzik, Jana Moravcová, Dominik Hrebik, 
Pavel Plevka

Struc tural Vi rol ogy, CEITEC Masaryk Uni ver sity, Kamenice 753/5, 62500 Brno, Czech Re pub lic

Echovirus 18 (E18) is one of the most com mon entero viru -
ses, which cause asep tic men in gi tis, leukoencephalitis, and 
acute exanthema. No treat ments against E18 are avail able
and its struc ture is un known. Here we pres ent a cryo-EM
study of E18 ge nome re lease and its in hi bi tion by a
capsid-bind ing com pound. The struc ture of E18 virion was 
de ter mined to the res o lu tion of 3.2 C. We show that bind -
ing of an in hib i tor WIN51711 re places a nat u ral pocket

fac tor within capsid pro tein VP1, but its bind ing does not
cause any changes in the over all capsid struc ture rel a tive to
the na tive vi rus. How ever, the com pound ef fec tively de -
creases infectivity of the vi rus, prob a bly by block ing of the
ge nome re lease. Struc ture of so called “A” par ti cle of E18
shows changes in its capsid that en able sub se quent ge nome 
re lease. Sim i lar to other enteroviruses the E18 A-par ti cle
con tains pores along twofold sym me try axes.

P11

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
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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
4 In sti tute of Par a si tol ogy, Uni ver sity of Zu rich, 8057 Zu rich, Swit zer land, 
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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.
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STRUCTURES OF THREE INFECTION CYCLE INTERMEDIATES OF
COXSACKIEVIRUS A6
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CEITEC-MU, Struc tural Bi ol ogy, Masaryk Uni ver sity, Brno
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Coxsackievirus A6 (CVA6) has re cently over taken
CVA16 and Enterovirus 71 as the pri mary caus ative agent
of ep i dem ics of hand, foot and mouth dis ease (HFMD) that
usu ally af fects chil dren but oc ca sion ally spreads also to ad -
o les cents and adults. Mil lions of self-lim it ing HFMD cases 
and sev eral hun dred of deaths are re ported each year, pre -
dom i nantly in the Asian-Pa cific re gion. How ever, no vac -
cine against CVA6 is avail able, and vac cine de vel op ment
against CVA16 and EV71 has proven chal leng ing and even 
tri va lent vac cine can di dates fail to cross-pro tect. Re cently
pub lished struc tural char ac ter iza tions of CVA6 [1,2] lack
struc tural data of the na tive an ti genic, ma ture virion. Un -
like other picornaviruses, CVA6 vi rus par ti cle prep a ra tions 

yield vis i bly only ex panded and empty capsid con for ma -
tions [1, and our ob ser va tions]. By us ing a very large
cryo-elec tron mi cros copy (cryo-EM) dataset, we were able 
to de tect a small sub set of ma ture virions dur ing the 3D
clas si fi ca tion steps of sin gle par ti cle re con struc tion. Here,
we pres ent high-res o lu tion cryo-EM struc tures of CVA6
in fec tion cy cle in ter me di ates, in clud ing ma ture virion, ex -
panded and empty capsids to 3.4, 2.8 and 3.2 C res o lu tion
(at FSC = 0.143), re spec tively. Struc ture com par i sons,
conformational changes and their im pli ca tions will be dis -
cussed.

1. Xu, L., et al., Nat Commun (2017) 8(1): 505.

2. Chen, J., et al., J Virol (2018) 92(2): e01257-17.
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Ac cu mu la tion of in trin si cally dis or dered pro tein tau in the
form of in sol u ble ag gre gates is a com mon fea ture of neuro -
degenerative tauopathies. Monoclonal an ti body DC8E8 is
able to in hibit tau-tau in ter ac tion and there fore it holds
prom ise for the immunotherapy of Alz hei mer’s dis ease.
The ac tive vac cine based on the DC8E8 epitope pep tide
has suc cess fully passed the phase 1 clin i cal trial [1]. Min i -
mal epitope of DC8E8 rep re sents amino acid mo tif
HXPGGG that is pres ent in each of the four microtubule
bind ing re peats (MTBRs) of tau. How ever, the af fin ity of

DC8E8 for its MTBR epitopes dif fers and de scends as
fol lows: MTBR2 > MTBR1 > MTBR3 > MTBR4. These
dif fer ences in the an ti body af fin ity for highly ho mol o gous
epitopes can be at trib uted to dif fer ent conformational bi -
ases of epitope pep tides for the bound con for ma tion. The
crys tal struc ture was solved so far only for the com plex of
MTBR2 pep tide with DC8E8 Fab. We have per formed 300 
ns long mo lec u lar dy nam ics sim u la tions of 18 amino ac ids
con tain ing pep tides from all four MTBRs in NAMD pro -
gram with CHARMM36m force field suit able for sim u la -

Ó Krystalografická spoleènost

30 Dis cus sions XV  -  Post ers Ma te ri als Struc ture, vol. 25, no. 1 (2018)



Ó Krystalografická spoleènost



P15

FACILITIES AT THE CENTRE OF MOLECULAR STRUCTURE OF BIOCEV

Tatsiana Charnavets, Jan Dohnálek, Jiøí Pavlíèek, Petr Pompach, Frédéric Vellieux

In sti tute of Bio tech nol ogy CAS, v.v.i., BIOCEV, Prùmyslová 595, Vestec, 52542, Czech Re pub lic

The Cen tre of Mo lec u lar Struc ture (CMS) con sists of three
core fa cil i ties: i) Bio phys i cal Mea sure ments; ii) Crys tal li -
za tion and X-ray Dif frac tion; iii) Struc tural Mass spec -
trom e try. The CMS thus pro vides com ple men tary tools for
the stud ies of the bio phys i cal prop er ties, three-di men sional 
struc ture and struc ture:func tion re la tion ships of bi o log i cal
macromolecules. 

The Bio phys i cal Tech niques fa cil ity of fers cir cu lar
dichroism spec tros copy (Chirascan Plus CD spec trom e ter), 
spectro photometry (Specord 50 Plus UV/Vis spectro -
photometer), dif fer en tial scan ning flu o res cence (Pro me -
theus NT.48), dy namic light scat ter ing (Zetasizer Nano
ZS90) and dif fer en tial scan ning cal o rim e try (Microcal
VP-DSC). These de vices are used for the de ter mi na tion of
size, struc ture and sta bil ity of biomolecules, and for the
study of conformational changes and ther mo dy nam ics of
tem per a ture tran si tions. Iso ther mal ti tra tion cal o rim e try
(Microcal iTC200), microscale thermophoresis (Mono lith
NT.115 and NT.LabelFree) and sur face plasmon res o -
nance (ProteOn XPR36) al low to char ac ter ize pro tein-pro -
tein in ter ac tions and pro tein-ligand in ter ac tions (small
mol e cule, DNA, RNA, pep tides, sugars, lipids…) that can
be measured under close to native conditions.

The Crystallisation and Dif frac tion fa cil ity in cludes an
ArtRobbins Gry phon dropsetter, which al lows to set-up
nanodrop crystallisation plates, and a Formulatrix RI1000
ho tel for the stor age of crys tal li za tion plates  and for the au -
to mated, re mote-ac cess mon i tor ing of crys tal li za tion drop -
lets us ing vis i ble, po lar ized and UV light. A glovebox, a

cold room and a warm room (all equipped with stereo -
microscopes) al low crystallisation and crys tal ma nip u la -
tion in dif fer ent en vi ron ments (in clud ing in ox y gen-free
con di tions). The Bruker D8 Ven ture diffractometer
equipped with a liq uid metal jet X-ray source (plus its ISX
stage for in situ dif frac tion) is the core equipment for
diffraction data acquisition. 

The Struc tural Mass Spec trom e try fa cil ity of fers ac cess 
to an ul tra-high res o lu tion 15T-Solarix XR FT-ICR (Bru -
ker Daltonics), and to a MALDI-TOF Autoflex Speed
(Bruker Daltonics) mass spec trom e ters. This in stru men ta -
tion al lows de ter mi na tion of pre cise mass of bi o log i cal
macromolecules, char ac ter iza tion of posttranslational
mod i fi ca tions, pep tide mass fin ger print ing, de tec tion of
small mol e cule/me tab o lites and mon i tor ing of pro tein
struc tural changes/pro tein-pro tein in ter ac tions un der phys -
i o log i cal con di tions by hy dro gen-deu te rium ex change and
chem i cal cross-link ing. An Agilent Tech nol o gies 1200
HPLC sys tem cou pled to the 15T-SolariX XR mass spec -
trom e ter is used for the separation of complex peptide
mixtures, proteins and metabolites.

To gether with the core fa cil i ties of CEITEC, the CMS
is part of Czech Infrastructure for Integrative Structural
Biology (CIISB), na tional af fil i ated cen tre of In -
struct-ERIC (Eu ro pean In te grated Struc tural Bi ol ogy In -
fra struc ture).

This work was sup ported by the ERDF (BIOCEV:
CZ.1.05/1.1.00/02.0109), MEYS CR (CIISB: LM2015043).
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Haloalkane dehalogenases (HLDs), which catalyse the
cleav age of the car bon-halo gen bond of organohalogen
com pounds, are rec og nized as the key tools in many in dus -
trial and bio tech no log i cal pro cesses [1]. The HLDs are

com posed of two do mains a main a/b do main con tain ing
cat a lytic res i dues and a cap do main. Ac cord ing to phylo -
gen etic and struc tural anal y ses, HLDs can be di vided into
three subfamilies - HLD-I, HLD-II and HLD-III, which

dif fer in the cap do main ar chi tec ture and the com po si tion
of their cat a lytic pentads [2]. Un like the HLD-I and
HLD-II mem bers, which struc tures have been stud ied by
X-ray crys tal log ra phy, the struc tural in for ma tion on
HLD-III en zymes is miss ing. A ma jor prob lem with struc -
tural char ac ter iza tion of HLD-III mem bers is the fact that
these en zymes form polydisperse high-mo lec u lar weight
oligomeric states [3, 4], which ham pers their struc tural
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anal y sis. Here, we re port an op ti mized method for re com -
bi nant pro duc tion and pu ri fi ca tion of DhmeA from the
halophilic archeon Haloferax mediterranei. The strat egy
em ploys a ro bust re com bi nant ex pres sion in Esch e richia
coli to gether with pro tein pu ri fi ca tion through a
poly-histidine af fin ity tag and size-ex clu sion chro ma tog ra -
phy. Sub se quent bio phys i cal char ac ter iza tion by dif fer en -
tial scan ning fluorimetry and dy namic light scat ter ing
re vealed that the newly de vel oped pu ri fi ca tion method sig -
nif i cantly im proved monodispersity of DhmeA. Our find -
ings pave a way for prob ing DhmeA struc ture by high- 
res o lu tion tech niques such as X-ray crys tal log ra phy and
sin gle-par ti cle cryo-elec tron mi cros copy anal y sis. Cryo-
elec tron mi cros copy data was col lected and ini tial 3D
model of DhmeA was in ferred. Fu ture work will fo cus on

3D struc ture re con struc tion, model build ing and ex per i -
men tal val i da tion.             

1. T. Koudelakova, S. Bidmanova, P. Dvorak, A. Pavelka, R.
Chaloupkova, Z. Prokop, J. Damborsky, Biotechnol. J., 8,
(2013), 32-45.

2. E. Chovancova, J. Kosinski, M. J. Bujnicki, J. Damborsky,
Pro teins, 67, (2007), 305–316.

3. A. Jesenska, M. Monincova, T. Koudelakova, K. Hasan, R. 
Chaloupkova, Z. Prokop, A. Geerlof, J. Damborsky, Appl.
En vi ron. Microbiol., 75, (2009), 5157–5160.

4. H. K. Fung, M. S. Gadd, T. A. Drury, S. Cheung, J. M.
Guss, N. V.  Coleman, J. M. Matthews, Mol. Microbiol.,
97, (2015), 439–453.
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The Twort-like bacteriophage 812 from the Myoviridae
fam ily is a prom is ing ther a peu tic al ter na tive for treat ment
of an ti bi ot ics-re sis tant bac te rial in fec tions. We pre vi ously
re ported high-res o lu tion cryo-elec tron mi cros copy re con -
struc tions of the iso met ric head and the dou ble-lay ered tail
of this phage [1]. The por tal do main is lo cated in the neck
re gion at the in ter face be tween the head and the tail and
serves as a chan nel for DNA translocation. In situ cryo-EM 
re con struc tion of the por tal com plex from phages af ter ge -
nome re lease, ob tained at 3.8 C res o lu tion, re veals that the
por tal adopts a dodecameric ring-shaped con for ma tion
with an outer di am e ter of 13 nm. A prom i nent crown com -
posed of ax i ally stacked C-ter mi nal he li ces forms a fun -

nel-like struc ture open ing to wards the head in te rior. In
con trast, a pre lim i nary 6.5 C cryo-EM elec tron den sity
map of a re com bi nant por tal com plex shows that the lat ter
as sem bles pre dom i nantly into 13-meric struc tures with a
di am e ter of 15 nm and pres ents conformational dif fer ences 
in the crown and the stem re gions. These dif fer ences likely
stem from mis-fold ing in so lu tion in ab sence of phage
chaperones, but they could also cor re spond to struc tural re -
ar range ments ex pe ri enced by the por tal com plex dur ing
dif fer ent stages of phage mat u ra tion.

1. Nováèek, J. et al., Proc. Natl. Acad. Sci. U. S. A., 2016,
113 (33), 9351-9356.
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Col ony col lapse dis or der is a phe nom e non, which causes
rapid de cline in bee col o nies. It is a global prob lem for bees 
and beekeepers. Al though the or i gin and mech a nism of this 
pro cess is still not know, one of the agents, which cause  the 
col lapses are vi rus in fec tions. One of these vi ruses is
chronic bee pa ral y sis vi rus (CBPV), a pos i tive sin gle
strained RNA vi rus. We aim to de ter mine the struc ture of
CBPV RNA-de pend ent-RNA-poly mer ase. We used E. coli 
bac te rial ex pres sion sys tem, as well as, baculovirus ex pres -
sion sys tem in SF9 cell line, which is more phylo gen eti -

cally re lated to bees, the nat u ral hosts of CBPV. We found
sig nif i cant dif fer ences in sol u bil ity of CBPV RNA poly -
mer ase pro duced by these ex pres sion sys tems. Par tial sol u -
bil ity of re com bi nant CBPV RNA polymerse pro duced by
SF9 cell line en abled fur ther ex per i ments lead ing to the
prep a ra tion of pure pro tein, its crys tal li za tion, and sub se -
quent struc ture de ter mi na tion. Knowl edge of the struc ture
of CBPV RNA poly mer ase may al low de vel op ment of
anti-vi ral com pounds.
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Aichi vi rus is a sin gle stranded plus RNA (+ RNA) vi rus
which causes gastroenteritis in hu mans. Aichi vi rus is also
used as a model or gan ism for study ing re lated more vir u -
lent vi ruses like SARS, HCV, West Nile vi rus, Yel low fe -
ver vi rus etc. Pro tein 3Dpol, RNA de pend ent RNA
poly me r ase, is a key en zyme for the life cy cle of a + RNA
vi ruses. The 3Dpol en zymes cat a lyze for ma tion of
phosphodiester bond be tween RNA nu cleo tides. The
picornaviral RNA rep li ca tion is pro tein 3Dpol ac tiv ity de -
pend ent. The RNA rep li ca tion is cur tail for both vi ral ge -
nome mul ti pli ca tion and vi ral pro tein trans la tion. 

+ RNA vi ruses hi jack phosphatidylinositol 4-kin ases
(PI4Ks) to gen er ate mem branes highly en riched in
phosphatidylinositol 4-phos phate (PI4P). These vi ral in -
duced mem brane struc tures serves as struc tural scaf fold for 
RNA rep li ca tion and also to pro tect from in nate
intracellular im mu nity. We stud ied  in ter ac tion of 3Dpol

with PI4P lipid us ing re com bi nant 3Dpol from Aichi vi rus 1
(AiV), Poliovirus 1 (PV), Coxsackievirus b3 (CV) and
Enterovirus 71 (EV). The poly mer ase ac tiv i ties of 3Dpol en -
zymes were com pared by PETE flu o res cence as say [1].

We also de ter mined the crys tal struc ture of Aichi 3D
pol

at 3.8 C  resolution. The struc ture re vealed an over all con -
served fold. How ever, the Aichi 3Dpol has a dif fer ent N-ter -
mi nal struc ture com pared to other re lated picornaviruses
(PV, CV, EV), where the N-ter mi nal res i due is bur ied in a
pocket at the base of fin gers do main. Our struc ture re veals
that Aichi 3Dpol can not sta bi lize it self by a slip of its first
redue in the hy dro pho bic core of the pro tein.

1. Campagnola, G., Gong, P., and Peersen, O.B. (2011).
High-through put screen ing iden ti fi ca tion of poliovirus
RNA-de pend ent RNA poly mer ase in hib i tors. An ti vi ral
Res. 91, 241–251.
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SmSP2: AN ANTI-HEMOSTATIC SERINE PROTEASE SECRETED BY THE BLOOD
FLUKE PATHOGEN, SCHISTOSOMA MANSONI

Adrian Leontovyc1,2, Lenka Ulrychova1, An thony J. O’Donoghue3, 
Lucie Maresova1, Pavla Fajtova1,2, Jiri Vondrasek1, Conor R. Caffrey3, 

Mi chael Mares1, Mar tin Horn1, Jan Dvorak1

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, fajtova@uochb.cas.cz 

2First Fac ulty of Med i cine, Charles Uni ver sity in Prague, Katerinska 1660/32, Prague, Czech Re pub lic 
3Skaggs School of Phar macy and Phar ma ceu ti cal Sci ences, 9500 Gilman Drive, Uni ver sity of Cal i for nia San

Diego, Cal i for nia, USA

Schis to so mi a sis caused by par a sitic blood flukes of the ge -
nus Schistosoma is the sec ond most im por tant par a sitic in -
fec tion af ter ma laria with more than 240 mil lion peo ple
in fected. There is an ur gent need to iden tify novel anti-
 schistosomal tar gets for ther a peu tic in ter ven tions. Our
work is fo cused on S. mansoni serine pro te ase 2 (SmSP2).
It was lo cal ized in the teg u ment and esoph a geal glands,
ova ries, tes tes and vitelaria of adult schisto somes by
immunofluorescence mi cros copy and in situ RNA hy brid -
iza tion. En zyme ac tiv ity mea sure ments and immuno -

blotting iden ti fied SmSP2 in the ex cre tory/se cre tory
prod ucts. Re com bi nant SmSP2 was pro duced in the Pichia
pastoris ex pres sion sys tem and its cleav age spec i fic ity was
in ves ti gated us ing com bi na torial sub strate li brar ies and 3D
model anal y sis. SmSP2 was found to ac ti vate plasmin, the
key com po nent of the fibrinolytic sys tem, and re leases
vasoregulatory kinins from kininogen. Our re sults sug gest
that SmSP2 plays a role in host-par a site in ter ac tions and
rep re sents a po ten tial tar get for novel drug or vac cine in ter -
ven tions.
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THE BENCHMARK OF 
31

P NMR PARAMETERS IN PHOSPHATE: A CASE STUDY ON
STRUCTURALLY CONSTRAINED AND FLEXIBLE PHOSPHATE

Jiøí Fukal,ab Ondøej Páv,a Miloš Budìšínský,a Jakub Šeberaa and Vladimír Sychrovskýac

aIn sti tute of Or ganic Chem is try and Bio chem is try, Acad emy of Sci ences of the Czech Re pub lic, v.v.i.,
Flemingovo námìstí 2, 166 10, Praha 6, Czech Re pub lic. Email: jiri.fukal@uochb.cas.cz

bCharles Uni ver sity, Fac ulty of Math e mat ics and Phys ics, Ke Karlovu 3, 121 16, Praha 2, Czech Re pub lic
cDe part ment of Electrotechnology, Elec tri cal En gi neer ing, Czech Tech ni cal Uni ver sity, Technická 2, 166 27,

Praha 6, Czech Re pub lic

A bench mark for struc tural in ter pre ta tion of the 31P NMR
shift and the 2JP,C NMR spin–spin cou pling in the phos -
phate group was ob tained by means of the o ret i cal cal cu la -
tions and NMR mea sure ments in diethylphosphate (DEP)
and 5,5-dimethyl-2-hydroxy-1,3,2-dioxaphosphinane 2-
 ox ide (cDEP). The NMR pa ram e ters were cal cu lated em -
ploy ing the B3LYP, BP86, BPW91, M06-2X, PBE0, KT2, 
KT3, MP2, and HF meth ods, and the 6-31+G(d), Iglo-n (n
= II, III), cc-pVnZ( n = D, T, Q, 5), aug-cc-pVnZ( n = D, T
and Q), and pcS-n and pcJ-n (n = 1, 2, 3, 4) bases, in clud ing 
the sol vent ef fects de scribed with ex plicit wa ter mol e cules
and/or the im plicit Polarizable Con tin uum Model (PCM).
The ef fect of mo lec u lar dy nam ics (MD) on NMR pa ram e -
ters was MD-cal cu lated us ing the GAFF force field in clu -
sive of ex plicit hydration with TIP3P wa ter mol e cules.
Both the op ti mal ge om e tries and the dy namic be hav iors of
the DEP and cDEP phos phates dif fered no ta bly, which al -
lowed a re li able the o ret i cal bench mark of the 31P NMR pa -
ram e ters for highly flex i ble and struc tur ally con strained

phos phate in a one-to-one re la tion ship with the cor re -
spond ing ex per i ment. The cal cu lated 31P NMR shifts were
ref er enced em ploy ing three dif fer ent NMR ref er ence
schemes to high light the ef fect of the 31P NMR ref er ence
on the ac cu racy of the cal cu lated 31P NMR shift. The rel a -

tive Dd (31P) NMR shift cal cu lated em ploy ing the MD/
B3LYP/Iglo-III/PCM method dif fered from the ex per i -
ment by 0.16 ppm while the NMR shifts ref er enced to
H3PO4 and/or PH3 de vi ated from the ex per i ment no ta bly
more, which il lus trated the su pe rior ap pli ca bil ity of the rel -
a tive NMR ref er ence scheme. The 2JP,C cou pling in DEP
and cDEP cal cu lated em ploy ing the MD/B3LYP/ Iglo-
 III(DSO,PSO,SD)/cc-PV5Z(FC)/PCM method in clu sive
of cor rec tion due to ex plicit hydration dif fered from the ex -
per i ment by 0.32 Hz and 0.15 Hz, re spec tively. The NMR
cal cu la tions dem on strated that re li able struc tural in ter pre -
ta tion of the 31P NMR pa ram e ters in phos phate must in -
volve both the struc tural and the dy nam i cal com po nents.
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TEST OF GENETIC CODE EVOLUTION HYPOTHESES: REVERSE EVOLUTION OF
SPECIFIC TARGET PROTEINS BY mRNA-DISPLAY TECHNIQUE

Valerio Guido Giacobelli1, Kosuke Fujishima2, Vyacheslav Tretyachenko1, Klara Hlouchova1

1De part ment of Bio chem is try, Fac ulty of Sci ence, Charles Uni ver sity, Hlavova 2030, 
128 00, Prague 2, Czech Re pub lic

2Earth-Life Sci ence In sti tute, To kyo In sti tute of Tech nol ogy, To kyo, 1528550, Ja pan

Al though ex tant pro teins con sist of 20 dif fer ent amino ac -
ids, it has been pro posed that pri mor dial pro teins con sisted
of a smaller set of “early” amino ac ids and that ad di tional
“mod ern” amino ac ids have grad u ally been re cruited into
the ge netic code [1-3]. This nat u rally leads to the ques tions: 
can struc tured and func tional pro teins be con structed us ing
the “early” amino-acid al pha bet? Can ex tant pro teins be re -
verse-evolved while pre serv ing their struc ture/func tion? 

To test this, pro tein da ta bases have been in spected to
se lect model ex tant pro tein can di dates with dif fer ent struc -
tural folds. Our pre lim i nary search con tains pro teins with
both cat a lytic and bind ing/in ter ac tion functions.

The se lected pro tein tar gets were “re verse-evolved” in
vi tro into vari ants where the “mod ern” amino acid were
ran dom ized by “early” ones. The li brar ies of ran dom ized
genes were in cor po rated into a ge no type-phe no type link -
age to be com pat i ble with an ap pro pri ate li brary dis play
(mRNA dis play [4]) and se lec tion method. The se lec tion of 
suc cess ful can di dates was based on con ser va tion of struc -

ture and/or func tion and the most “suc cess ful” variants will 
be characterized. 

This re search will in form us of the essentiality of “mod -
ern” amino ac ids for build ing pro tein struc ture/func tion
and thus will pro vide a di rect test of the hy poth e ses about
early pro teins. In ad di tion, pro teins con structed from a lim -
ited amino acid al pha bet are of im por tance in pro tein en gi -
neer ing and syn thetic bi ol ogy. Fi nally, this area touches
upon the very ba sic link of pro tein se quence-struc ture-
 func tion that lies at the core of many bio tech no log i cal and
biomedicine prob lems and has ex press im pli ca tions for
con struc tion of ar ti fi cial biochemistries.

1. Trifonov EN. Gene, 2000, 261:139-151. 

2. Higgs PG, Pudritz RE. Astrobiology, 2009, 9: 483–490.

3. Freeland SJ. Vol.1 – Or i gins and Syn the sis of Amino Ac -
ids. Hughes AB ed., Wiley-VCH, 2009, 43-75.

4. Seelig B. Nat. Protoc., 2011, 6(4):540-52.
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CRYSTAL STRUCTURE OF HONEYBEE HEXAMERIN 70B PROVIDES INSIGHT INTO
REGULATION OF JUVENILE HORMONE LEVELS IN HAEMOLYMPH OF PUPAE

Mária Gondová1, Antonín Pøidal2 & Pavel Plevka1

1Struc tural vi rol ogy, Cen tral Eu ro pean In sti tute of Tech nol ogy, Masaryk Uni ver sity, Kamenice 5, 
625 00, Brno, Czech Re pub lic

2De part ment of Zo ol ogy, Fish ery, Hydrobiology, and Apidology, Fac ulty of Agron omy, 
Men del Uni ver sity in Brno, Zemìdìlská 1, 613 00, Brno, Czech Re pub lic

The most abun dant pro teins in haemolymph of honey bee
(Apis mellifera) lar vae and pu pae are hexamerins. These
haemocyanin de rived pro teins are pro duced by a lar val or -
gan „fat body“ and serve as a source of aminoacids for the
de vel op ment of pu pae that do not con sume food. Fur ther -
more, there has been an evidence that hexamerins act as ju -
ve nile-hor mone bind ing pro teins but the mech a nism
re mained un known. Here we pres ent a struc ture of na tive
hexamerin 70b, iso lated from bee pu pae, de ter mined to the
res o lu tion of 2.0 C by X-ray crys tal log ra phy. Hexamerin

70b forms hexamers with 32 sym me try. Each sub unit con -
tains an en closed hy dro pho bic cav ity oc cu pied by one mol -
e cule of pu ta tive ju ve nile hor mone. We sug gest that the
ju ve nile hor mone can be re leased only upon proteolytic di -
ges tion of hexamerin. There fore, the hexamerin con sump -
tion is linked to re lease of free ju ve nile hor mone that may
af fect de vel op ment of pu pae. This reg u la tion mech a nism
might be uni ver sally con served among holometabolous in -
sects.
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CRYSTALLIZATION STUDIES AND PRELIMINARY X-RAY CRYSTALLOGRAPHIC
ANALYSIS OF A NEWLY PREPARED HISTIDINOL–PHOSPHATE PHOSPHATASE Tt82

FROM THERMOCOCCUS ONNURINEUS

Petra Havlickova1, Tatyana Prudnikova1,2, Jeroen R. Mesters3, Michal Kuty1,2, 
Marc L. Pusey4 and Ivana Kuta Smatanova1,2

1Uni ver sity of South Bo he mia in Ceske Budejovice, Fac ulty of Sci ence, Branisovska 1760, 370 05 Ceske
Budejovice, Czech Re pub lic

2Acad emy of Sci ences of the Czech Re pub lic, Cen ter for Nanobiology and Struc tural Bi ol ogy IMB, Zamek
136, 373 33 Nove Hrady, Czech Re pub lic

3In sti tute of Bio chem is try, Uni ver sity of Lübeck, Ratzeburger Allee 160, 23538 Lübeck, Ger many
4iXpressGenes Inc.,601 Ge nome Way, Huntsville, AL 35810, USA

Dephosphorylation of histidinol–phos phate is the eight
step in the histidine-biosynthetic path way and is cat a lyzed
by histidinol-phos phate phosphatase [1]. The main goal of
this re search was to op ti mize crys tal li za tion con di tions and
ob tain suit able monocrystals of a newly pre pared and un til
now uncharacterized pro tein Tt82 from Thermococcus
onnurineus, which is con sid ered to be a histidinol–phos -
phate phosphatase. Crys tal screen ing was per formed with
crys tal li za tion kit In dex-HR2-144 (Hampton Re search,
USA) us ing sit ting drop va por dif fu sion tech nique at 295
K. The most suit able crys tals for dif frac tion ex per i ment
were grown from the pre cip i tant so lu tion con tain ing 0.2 M
mag ne sium chlo ride hexahydrate, 0.1 M Tris pH 8.5 and
25% w/v PEG 3350 (con di tion No. 85). Na tive data set was 
col lected to the res o lu tion of 1.6 C at the BESSY-II syn -
chro tron op er ated by Joint Berlin MX-Lab o ra tory (Berlin-
 Adleshof, Ger many). Al though at tempt ing to solve the
crys tal struc ture us ing mo lec u lar-re place ment method with 
homo logues (PDB codes 1qyi, 3pib, 3kbb, 2hdo, 3r3h,

2vvl, 3iru) as search mod els, all tri als us ing MOLREP [2]
and Phaser [3] re sulted in fail ure. There fore, heavy atom
de riv a tive crys tals were grown from the pre cip i tant so lu -
tion No. 85 from In dex-HR2-144 (Hampton Re search,
USA) add ing 1 mM man ga nese (II) chlo ride and data set is
about to be col lected. Dif frac tion data will be used for fur -
ther re search, mainly for solv ing the struc ture by heavy
atom derivatization method.

1. Brilli, M. & Fani, R. (2004). J. Mol. Evol. 58, 225-237.

2. Vagin, A. & Teplyakov, A. (1997). J. Appl. Cryst. 30(6):
1022-1025.

3. Mc Coy, A. J., Grosse-Kunstleve, R. W., Ad ams, P. D.,
Winn, M. D., Storoni, L. C., Read, R. J. (2007). J. Appl.
Cryst. 40(4): 658-674.

The work was sup ported from GACR 17-24321S, GAJU
149/216/P and ERDF No. CZ.02.1.01/0.0/0.0/15_003/
0000441 .
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ABBREVIATION PARADISE: THE Taz2 (CBP) TAD (C/EBPb) INTERACTION
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Cy clic-AMP-re sponse el e ment-bind ing pro tein (CREB)-
bind ing pro tein, (CBP), and its paralog p300 are histone
acetyl trans fer as es play ing a crit i cal role in em bry onic de -
vel op ment, cell growth con trol, di vi sion as well as ho meo -
sta sis. Via its Taz2 do main, they in ter act with mul ti ple
tran scrip tion fac tors to reg u late gene ex pres sion. These
tran scrip tion fac tors in clude CCAAT-enhancer-bind ing
pro teins, the C/EBP fam ily.  Through transactivation do -
main (TAD), C/EBPs re cruit the co-ac ti va tors (p300, CBP) 

that open up chromatin struc ture and me di ate its
phosphorylation through the re cruit ment of spe cific kin -

ases. C/EBPb binds to the closed chromatin and acts as a
pi o neer ing fac tor for ini ti at ing tis sue-spe cific gene ex pres -
sion at sev eral pro mot ers. Here, we pres ent the de tailed

struc tural char ac ter iza tion of the C/EBPb in ter ac tion with
CBP.

This work is sup ported by the Charles Uni ver sity Grant
Agency (grant No. 227020).
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 STRUCTURE AND REPLICATION OF EMILIANIA HUXLEYI VIRUS 86

Miroslav Homola, Ca rina R. Büttner, and Pavel Plevka

Struc tural Vi rol ogy Group, CEITEC Masaryk Uni ver sity, Brno, Czech Re pub lic 

The Emiliania huxleyi vi rus 86 (EhV-86) is a Cocco -
lithovirus from the fam ily Phycodnaviridae. EhV-86 in -
fects ma rine coccolithophore alga Emiliania huxleyi,
which is found in al most all ocean eco sys tems from the
equa tor to sub-po lar re gions. E. huxleyi forms mas sive
blooms, which can cover over 100,000 square ki lo me ters
and are vis i ble from space. The blooms af fect not only the
prop er ties of the sur face ocean wa ter, but also the global
cli mate. These al gae blooms col lapse usu ally af ter 5–8
days be cause of in fec tions by coccolithoviruses, most of ten 
by EhV-86 [1]. This vi rus is unique among other Phyco -
dnaviruses, be cause it is en vel oped by a lipid mem brane.
Thanks to the outer mem brane EhV-86 ex ploits  an an i -
mal-like mem brane-fu sion in fec tion strat egy and its prog -
eny virions leave the al gal host cell by bud ding [2]. 

We cul ti vate Emiliania huxleyi in large vol umes and in -
fect it with EhV-86. We pu ri fied the EhV-86 par ti cles from 
the lysed alga cul ture and are work ing to ward struc ture de -
ter mi na tion of EhV-86 by cryo-elec tron mi cros copy. To
char ac ter ize the life-cy cle of EhV-86 in side the alga cell,
we are pre par ing thin lamellas (un der 300 nm thick) of vi -
rus-in fected cells us ing fo cused ion beam mill ing. These
lamellas will be in ves ti gated by cryo-elec tron to mog ra phy.

1. Paasche, E. A re view of the coccolithophorid Emiliania
huxleyi (Prymnesiophyceae), with par tic u lar ref er ence to
growth, coccolith for ma tion, and cal ci fi ca tion-pho to syn the -
sis in ter ac tions. Phycologia 40, 503–529 (2002).

2. Mackinder, L. C. M. et al. A uni cel lu lar al gal vi rus,
Emiliania huxleyi vi rus 86, ex ploits an an i mal-like in fec -
tion strat egy. J. Gen. Virol. 90, 2306–2316 (2009).
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NOVEL MACROCYCLIC INHIBITORS OF HUMAN CATHEPSIN D

Radka Hobizalova1,2, Lenka Pallova1, Jindrich Fanfrlik1, Jiri Brynda1, Lenka Monincova1,
Mar tin  Lepsik1, Mar tin Horn1, Pavel Majer1, Mi chael Mares1

1In sti tute of Or ganic Chem is try and Bio chem is try of the Czech Acad emy of Sci ences, Prague, Czech Rep.
2First Fac ulty of Med i cine, Charles Uni ver sity, Prague, Czech Re pub lic

Hu man cathepsin D (HCD), a lysosomal as par tic pepti -
dase, plays an im por tant role in tu mor pro gres sion and me -
tas ta sis. It is an in de pend ent marker of poor prog no sis in
breast can cer. HCD is overexpressed and hy per-se creted in 
can cer cells and is in volved in pro te ol y sis of var i ous intra-
and extracellular fac tors and ma trix re mod el ing. Our work
is fo cused on the de vel op ment of HCD in hib i tors as novel
tools for HCD reg u la tion. We de signed and syn the sized a
set of macrocyclic peptidomimetic in hib i tors that were
used for anal y sis of the macrocyclic scaf fold and spec i fic -
ity of S1 and S2´ subsites. The high res o lu tion crys tal struc -

tures of three macrocyclic in hib i tors in com plex with HCD
were de ter mined and their bind ing mode was in ves ti gated
us ing quan tum chem i cal cal cu la tions. The work iden ti fied
a novel in hib i tor scaf fold and in ter ac tion hot spots that can
be ex ploited for the ra tio nal de sign of spe cific in hib i tors of
HCD and re lated as par tic peptidases as po ten tial chemo -

therapeutics.

This work was sup ported by the pro ject InterBioMed
LO1302 from the Min is try of Ed u ca tion of the Czech Re -
pub lic, and in sti tu tional pro ject RVO 61388963.
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STRUCTURAL BASIS OF ASK1 INHIBITION BY DJ-1 
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De part ment of Phys i cal and Macromolecular Chem is try, Fac ulty of Sci ence, Charles Uni ver sity, 
Hlavova 8, 12843 Prague 2, Czech Re pub lic,horvath.mm@gmail.com

Hu man ASK1 (Apoptosis sig nal-reg u lat ing kinase 1) is a
Ser/Thr kinase, be long ing to subfamily of mitogen ac ti -
vated pro tein kin ases (MAPKs). ASK1 is ac ti vated as a re -
sponse to var i ous stress stim uli, fur ther transduces sig nal
and ac ti vates re sponse path ways play ing role in apoptosis,

dif fer en ti a tion, sur vival or im mune re sponse [1]. Dur ing
nor mal con di tions ASK1 is tightly reg u lated mostly by its
di rect phys i o log i cal in hib i tors 14-3-3 and Thioredoxin [2].
Re cent stud ies, showed that a hu man pro tein/ nu cleic acid
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deglycase DJ-1 is an other im por tant neg a tive reg u la tor of
ASK1. 

DJ-1 is a ver sa tile en zyme play ing role as an ox i da tive
stress sen sor, re dox-sen si tive chaperone, pro te ase and tran -
scrip tion fac tor, form ing dimers when ac ti vated. All en zy -
matic ac tiv i ties of DJ-1 lead to pro tec tion against ox i da tive
stress and cell death [3, 4]. There are two mod els de scrib -
ing role of DJ-1 as a di rect neg a tive reg u la tor of ASK1,
how ever the ex act molecular mechanism is not known [5].

Both, ASK1 and DJ-1 play im por tant role in tis sue ho -
meo sta sis and cel lu lar stress re sponse, thus de reg u la tion of
their ac tiv ity in hu man re sults in var i ous dis eases and can -
cer [6-8]. Aim of this study is there fore: to de scribe re gions
of ASK1, DJ-1 and thioredoxin par tic i pat ing in the in ter ac -
tion and to pro vide a de tailed mo lec u lar mech a nism of
ASK1 in hi bi tion. Data ob tained in this study can be fur ther
used to de sign drugs and ther a peu tic ap proaches to treat
dis eases caused by de reg u lated ASK1 ac tiv ity.

1. Takeda K, Noguchi T, Naguro I, Ichijo H. Apoptosis Sig -
nal-Reg u lat ing Kinase 1 in Stress and Im mune Re sponse.
Annu Rev Pharmacol Toxicol. 2008 Jan 9;48(1):199–225. 

2.  Rusnak L, Fu H. Reg u la tion of ASK1 sig nal ing by scaf -
fold and adap tor pro teins. Adv Biol Regul.  
2017;66:23–30.

3. Cao J, Lou S, Ying M, Yang B. DJ-1 as a hu man onco gene
and po ten tial ther a peu tic tar get. Biochem Pharmacol.
2015;93(3):241–50. 

4. Ariga H, Iguchi-Ariga SMM. In tro duc tion/Over view. In:
Ariga H, Iguchi-Ariga SMM, ed i tors. Sin ga pore: Springer
Sin ga pore; 2017. p. 1–4.

5. Oh SE, Mouradian MM. Reg u la tion of sig nal transduction
by DJ-1. In: Ariga H, Iguchi-Ariga SMM, ed i tors. Ad -
vances in Ex per i men tal Med i cine and Bi ol ogy. Sin ga pore:
Springer Sin ga pore; 2017. p. 97–131. 

6. Hayakawa R, Hayakawa T, Takeda K, Ichijo H. Ther a peu -
tic tar gets in the ASK1-de pend ent stress sig nal ing path -
ways. SEKIYA T, ed i tor. Proc Jpn Acad Ser B Phys Biol
Sci. 2012 Oct 11;88(8):434–53.

7. Antipova D, Bandopadhyay R. Ex pres sion of DJ-1 in
neurodegenerative dis or ders. In: Ariga H, Iguchi-Ariga
SMM, ed i tors. Ad vances in Ex per i men tal Med i cine and Bi -
ol ogy. Sin ga pore: Springer Sin ga pore; 2017. p. 25–43. 

8. Kawate T, Tsuchiya B, Iwaya K. Ex pres sion of DJ-1 in
Can cer Cells: Its Cor re la tion with Clin i cal Sig nif i cance. In: 
Ariga H, Iguchi-Ariga SMM, ed i tors. Sin ga pore: Springer
Sin ga pore; 2017. p. 45–59. 
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VACCINIA VIRUS AS VECTOR FOR HUMAN RHINOVIRUS C3 EXPRESSION

Ishemgulova A., Plevka P.

Lab o ra tory of Struc tural Vi rol ogy, CEITEC MU, Brno, Czech Re pub lic

Hu man rhinoviruses (HRVs) be long to the fam ily
Picornaviridae of small, icosahedral, non-en vel oped vi -
ruses con tain ing 7.5 kb long pos i tive-stranded RNA
genomes. There are over 300 se ro log i cally dis tinct hu man
rhinoviruses which are di vided to A, B, and C types. In -
fected pa tients ex hibit dis eases rang ing from mild up per re -
spi ra tory tract com mon colds to se vere lower re spi ra tory
tract bouts of bronchiolitis, wheeze, and asthma ex ac er ba -
tion. Vi ruses be long ing to hu man rhinoviruses type C are
more ge net i cally di verse than vi ruses of A and B types and
are more prone to stim u late asthma re ac tiv ity or more vir u -
lent. There are no spe cific treat ments for HRV-C in fec -
tions. Vi ruses of the C type use cadherin-re lated fam ily
mem ber 3 pro tein as re cep tor for their cell en try. This re -

cep tor is not ex pressed in un dif fer en ti ated im mor tal ized
cells com monly used for prop a ga tion of vi ruses in tis sue
cul tures, which com pli cates cul ti va tion of HRV-Cs. In this
work we plan to use re com bi nant vac cinia vi rus for de liv -
ery and ex pres sion of HRV-C3 in Hela cells. The re com bi -
nant vac cinia vi rus will con tain HRV-C3 ge nome se quence 
and gpt/flu o res cence se lec tion marker in te grated into vac -
cinia thymidine kinase lo cus. HRV-C3 will be ex pressed
un der the con trol of vac cinia early or early/late pro moter
com bined with tet ra cy cline-de pend ent op er a tors. HRV-C3 
is tagged with HA-tag or BoBS aptamer for fur ther de tec -
tion. Ex pressed and pu ri fied HRV-C3 will be used for
struc ture de ter mi na tion by cryo-elec tron mi cros copy.
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EXPLORING DRUGGABLE HOT SPOTS IN SCHISTOSOMA MANSONI CATHEPSIN B1 
FOR STRUCTURE-BASED DESIGN OF VINYL SULFONE INHIBITORS

Adela Jilkova1, Petra Rubesova1, Pavlina Rezacova1, Jindrich Fanfrlik1, Pavla Fajtova1, Jiri
Brynda1, Mar tin Lepsik1, Mar tin Horn1, James H. McKerrow2, Conor R. Caffrey2, and 

Mi chael Mares1

1In sti tute of Or ganic Chem is try and Bio chem is try, Czech Acad emy of Sci ences, Flemingovo n. 2, Prague,
16610, Czech Re pub lic, jilkova@uochb.cas.cz, rubesova@uochb.cas.cz

2Cen ter for Dis cov ery and In no va tion in Par a sitic Dis eases, Skaggs School of Phar macy and Phar ma ceu ti cal 
Sci ences, Uni ver sity of Cal i for nia San Diego, 9500 Gilman Drive, La Jolla, CA 92093, USA

Schis to so mi a sis, caused by par a sitic blood flukes of the ge -
nus Schistosoma, af flicts over 200 mil lion peo ple world -
wide. Schistosoma mansoni cathepsin B1 (SmCB1) is a
gut-as so ci ated peptidase that di gests host blood pro teins
and is a drug tar get for vi nyl sulfone in hib i tors. We pres ent
a de tailed in hi bi tion pro fil ing of SmCB1 with a set of vi nyl
sulfone peptidomimetic de riv a tives. They were screened
against re com bi nant SmCB1 and against S. mansoni
schistosomulas. This work pro vided two in hib i tors of
SmCB1 with the IC50 val ues in the sub-nanomolar range
that are the most ef fec tive in hib i tors of this en zyme re -

ported to date. Their high res o lu tion crys tal struc tures in
com plex with SmCB1 were de ter mined. Anal y sis of the in -
hib i tor bind ing mode us ing quan tum chem i cal cal cu la tions
iden ti fied novel in ter ac tion hot spots that can be ex ploited
for the ra tio nal de sign of anti-schistosomal chemo -
therapeutics. 

This work was sup ported by the grant LH15040 and the
pro ject InterBioMed LO1302 from the Min is try of Ed u ca -
tion, Youth and Sports of the Czech Re pub lic and the in sti -
tu tional pro ject RVO 61388963.
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HUMAN PROCASPASE-2 PHOSPHORYLATION AT BOTH S139 AND S164 IS
REQUIRED FOR 14-3-3 BINDING
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Caspase-2 en gages the mi to chon dria-de pend ent apop totic
path way by in duc ing the re lease of cytochrome c. Pre vi ous
stud ies in Xenopus laevis oocytes have iden ti fied that
phosphorylation of procaspase-2 (proC2) at sev eral res i -
dues un der nu tri ent abun dance con di tions sup presses its
ac ti va tion and sub se quently blocks the apoptosis through
pro cess in volv ing the bind ing of the scaf fold ing pro tein
14-3-3 [1]. To elu ci date the mech a nism of the 14-3-3 pro -
tein-me di ated in hi bi tion of caspase-2 in hu man, we used
var i ous bio chem i cal and bio phys i cal ap proaches to iden -
tify phosphorylated mo tifs of hu man proC2 re quired for
14-3-3 bind ing. Us ing flu o res cence po lar iza tion as say, na -
tive elec tro pho re sis and an a lyt i cal gel fil tra tion we show
that the 14-3-3:proC2 com plex as sem bling is gov erned by
both of these bind ing sites: S139 and S164 [2].

Char ac ter iza tion of proC2 in so lu tion showed its
monomeric sta tus (meth ods of an a lyt i cal ul tra cen tri fu ga -
tion and small-an gle X-ray scat ter ing). By con tin u ing stud -
ies of the 14-3-3:proC2 com plex we de ter mined that the

dis so ci a tion con stant be tween 14-3-3:proC2 is in a
nanomolar range and the stoichiometry of the in ter ac tion is
2:1. Data also in di cate that other re gions of proC2, in ad di -
tion to phosphorylation mo tifs, may be in volved in the in -
ter ac tion with 14-3-3. Lim ited pro te ol y sis of proC2 alone
and in the com plex with 14-3-3 pro tein by trypsin and
chymotrypsin found out the ca pa bil ity of 14-3-3 to pro tect
the proC2 N-ter mi nal part against proteolytic deg ra da tion.
The cir cu lar dichroism spec tra mea sure ments de tected sig -
nif i cant changes in the tertiary structure of proC2 after
14-3-3:proC2 complex formation.

1. L. K. Nutt et al., De vel op men tal Cell, 16, (2009), 856-866.

2. D. Kalabova et al., Biochem Biophys Res Commun, 493(2), 
(2017), 940-945.

This study was sup ported by the Czech Sci ence Foun da tion 
(Pro jects 17-00726S), 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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STRUCTURE-FUNCTIONAL STUDIES OF PROTEIN P4 FROM BACTERIOPHAGE j8
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The dsRNA bac te rio phages of Cystoviridae fam ily pack -
age their ge nome into empty capsid – procapsid, which
pro tects the ge nome from deg ra da tion in side as well as out -
side host cell. The ge nome pack ag ing is per formed by a
mo lec u lar mo tor - P4 pro teins, which are com po nents of
procapsid. The P4s pos sess an NTPase ac tiv ity that con -
verts the chem i cal en ergy from ATP hy dro ly sis to a me -
chan i cal move ment of pack ag ing ssRNA pre cur sors into a
procapsid, where the rep li ca tion and tran scrip tion of
dsRNA oc curs [1- 3]. The P4s are RNA helicases be long -
ing to the Superfamily 4 of helicases with char ac ter is tic
pres ence of con served se quence mo tifs (H1, H1a, H2, H3
and H4) [1- 3]. The RNA helicases cause the dis tri bu tion of 
RNA-pro tein com plexes and carry out RNA un wind ing
[2]. The P4 as sem bles into hexameric ring (Fig.1), which
has on the outer per im e ter NTP-bind ing sites and the nu -
cleic acid bind ing sites are lo cated in the cen tral chan nel.
Each P4monomer can be di vided into N-ter mi nal, core
NTPase do main with se quence mo tif and C-ter mi nal do -
main, which is in serted into the cen tral chan nel of hexamer
and its conformational changes reg u late ring sta bil ity and
ATPase ac tiv ity of P4s [1, 3-4]. Here we grow the mono -

crystals of the j8 P4 pro tein (Fig. 2) in the crys tal li za tion
con di tions of 100mM so dium ac e tate (pH 4,6) and 2,2 M
am mo nium sul phate. These con di tions were suit able
enough to be a good start ing point for the next crys tal li za -
tion ex per i ments with RNA as sem bled to P4.

The work is sup ported from Eu ro pean Re gional De vel op -
ment Fund-Pro ject “Mech a nisms and dy nam ics of
macromolecular com plexes: from sin gle mol e cules to
cells” (No. CZ.02.1.01/0.0/0.0/15_003/0000441).

1. El Omari K., Meier C., Kainov D., Sutton G., Grimes J.M., 
Poranen M.M., Bamford D.H., Tuma R., Stu art D.I.,
Mancini E.J., Nu cleic Ac ids Res., 2013, 41(20),
9396-9410.

2. Rabhi M., Tuma R., Boudvillain M., RNA Biol., 2010,
7(6), 655-666.

3. Kainov D. E., Tuma R., Mancini E. J., Cell Mol Life Sci
2006, 63, 1095-1105.

4. Lisal J., Kainov D. E., Lam T. T., Emmett M. R., Wei H.,
Gottlieb P., Mar shall A. G., Tuma R., Vi rol ogy 2006, 351
(1), 73-79.
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Fig. 1. The ter tiary struc ture of P4 hexamer from phage j8. The
mono mers are distinguished by dif fer ent col ors [Data from PDB: 
http://www.rcsb.org/3d-view/4BLQ/1].

Fig. 2. Crys tals of pro tein P4 [5,5mg/ml] from con di tion
with 100 mM so dium ac e tate (pH 4,6) and 2,2 M am mo -
nium sul phate 
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INTERFERONS TYPE II AND THEIR RECEPTORS R1 AND R2 IN FISH SPECIES:
STRUCTURE, FUNCTION AND EVOLUTION

Jiøí Zahradník, Lucie Koláøová, Hana Paøízková, Petr Kolenko, and Bohdan Schnei der

Lab o ra tory of Biomolecular Rec og ni tion, In sti tute of Bio tech nol ogy of the Czech Acad emy of Sci ences, v. v.
i., BIOCEV, Prùmyslová 595, CZ-252 42 Vestec, Czech Re pub lic

Study of ac ces sory cytokines and sig nal ing path ways in
fish pro vide im por tant clues to un der stand ing of evo lu tion
of the an ti vi ral de fense sys tem in ver te brates. In ter feron

gamma (IFN-g) is one of the key play ers in the reg u la tion
of im mune sys tem of ver te brates es pe cially in re sponse to
vi ral in fec tions. We stud ied phy log eny, bio phys i cal and

struc tural as pects of IFN-g and its re cep tors in fish spe cies
to fill up the knowl edge gap about its evo lu tion and struc -
tural prop er ties in fish spe cies. In this study we de ter mined

the crys tal struc ture of struc ture of IFN-g from ol ive floun -

der (Paralichthys olivaceus, PoliIFN-g) at 2.3 C res o lu tion.

The over all fold of PoliIFN-g is sim i lar to the other known

IFN-g struc tures but sig nif i cant dif fer ences were ob served,

namely the ad di tional a-he lix G at the C-ter mi nus and a

dif fer ent an gle be tween a-he li ces C and D. By com par ing

the known IFN-g and struc tures of its two re cep tors R1 and
R2 we sug gest a pu ta tive struc ture of the bi nary and ter nary 
com plexes. Our com pu ta tional anal y sis showed that three

func tion ally tightly linked mol e cules, IFN-g, IFN-gR1, and 

IFN-gR2, have prob a bly un der went dis tinct evo lu tion ary

events. IFN-g split into two dis tinct clus ters of IFN-g and

IFN-g re lated pro teins. Genes for IFN-g re lated pro teins de -
velop in de pend ently in dif fer ent fish classes. Genes for

IFN-g re cep tor 1 also re vealed the ex is tence of two in de -
pend ently evolv ing re cep tor types. In con trast, there is no

sign of ex is tence of a sec ond group of IFN-g re cep tor 2.

This study was sup ported by the Czech Sci ence Foun da tion 
grant 16-20507S and by the pro ject New re search meth ods
to BIOCEV (CZ.1.05/2.1.00/19.0390) from the ERDF. It
was con ducted at the In sti tute of Bio tech nol ogy CAS with
help of the in sti tu tional grant RVO 86652036. We thank
HZB for the al lo ca tion of the syn chro tron-ra di a tion
beamtime.

P34

WEAK LIGAND BINDING: DATA PROCESSING AND ELECTRON DENSITY
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Anal y sis of in ter ac tions be tween macromolecules and
small mol e cule lig ands rep re sents one of the lead ing
courses to de velop new drugs. A num ber of li brar ies con -
tain ing from tens to thou sands of small mol e cule frag ments 
have been al ready used to screen po ten tial bind ing sites [1]. 
These ob ser va tions were later used for the de sign of a
larger ligand com posed of chem i cally linked frag ments
that would be of a bi o log i cal im por tance. One of the prob -
lem atic is sues is weak (or par tial) bind ing of a frag ment

that may lead to po ten tial loss of in for ma tion in cal cu lated
elec tron den sity.

We col lected a me dium res o lu tion test dataset of an
FAD-de pend ent en zyme that binds a ligand with par tial oc -
cu pancy. At first, we have an a lyzed the in flu ence of dif -
frac tion limit es ti ma tion. Af ter the care ful dif frac tion data
pro cess ing, we have tested sev eral meth ods of elec tron
den sity cal cu la tion (e.g. com pos ite omit map, fea ture-en -
hanced map, pol der map, etc.) [2-3]. Com par a tive anal y sis
of the cal cu lated electron densities was performed.
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Fig ure Three-di men sional (3D) struc ture of the IFN-g dimer

from Paralichthys olivaceus oliIFN-g). A crys tal struc ture of
PDB en try 6F1E. The mono mer 1 is shown in blue, the mono mer
2 in white, the sol vent ac ces si ble sur face is shown in white.



We show that weak re flec tions may sig nif i cantly in -
crease the qual ity of ob served elec tron den sity for the
ligand, and also an im por tance of var i ous elec tron den sity
cal cu la tion ap proaches in the val i da tion of ligand bind ing.
We have dem on strated that care ful anal y sis of the data may 
lead from ini tial un ob served ligand bind ing to fi nal de ter -
mi na tion and val i da tion of partial occupancy ligand
binding.

This pub li ca tion was sup ported by the ERDF fund
(CZ.02.1.01/0.0/0.0/16_013/0001776) and by the Grant

Agency of the Czech Tech ni cal Uni ver sity in Prague, grant
No. SGS16/246/OHK4/3T/14.

1. Congreve, M., Chessari, G., Tisi, D. and Woodhead, A.J.,
J. Med. Chem., 2008, 51, 3661–3680.

2. Ad ams, P. D. et al., Acta Cryst., 2010, D66, 213-221.

3. Winn, M. D. et al., Acta. Cryst., 2011, D67, 235-242.
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Al de hyde dehydrogenases (ALDHs) rep re sent a super -
family of NAD(P)+-de pend ent en zymes that cat a lyze ox i -
da tion of al de hydes to carboxylic ac ids. Al de hydes are
known for be ing highly re ac tive and toxic at higher con -
cen tra tions and ALDHs play a cru cial role in de tox i fy ing
al de hydes pro duced by var i ous met a bolic path ways and
dur ing var i ous stress con di tions such as sa lin ity, heat, cold
and drought. At least 13 ALDH dis tinct fam i lies are found
in plants. ALDHs shar ing more than 40% se quence iden tity 
be long to the same fam ily. ALDHs share a com mon fold of
three do mains and carry a cat a lytic cysteine res i due. While
cer tain al gae genomes con tain up to nine ALDH genes, the
ge nome of a moss Physcomitrella patens al ready com -
prises 21 genes sorted in many more fam i lies. There fore,
the moss Physcomitrella rep re sents an im por tant non-vas -
cu lar plant model to study an evo lu tion of ALDH genes.

Here, we fo cused on ALDH2, ALDH10 and ALDH12
fam ily mem bers from the moss and com pare them with
their orthologues in maize (Zea mays). Plant ALDH2 fam -
ily com prises mi to chon drial and cytosolic isoforms split
into ALDH2B and ALDH2C subfamilies, re spec tively.
While mi to chon drial ALDH2 isoforms dis play acet -
aldehyde ac tiv ity across the whole plant king dom, the role
of cytosolic isoforms is much more di verse. They can ox i -
dize var i ous aliphatic and ar o matic al de hydes in clud ing
benzaldehyde or coniferaldehyde from phenylpropanoid

path way and many oth ers. The ge nome of P. patens con -
tains two ALDH2 genes cod ing for PpALDH2A (be long -
ing to ALDH2C subfamily) and PpALDH2B from
ALDH2B subfamily. ALDH10 fam ily rep re sents peroxi -
somal aminoaldehyde dehydrogenases also known as
betaine al de hyde dehydrogenases and the fam ily is rep re -
sented only by a sin gle ALDH10 gene in moss. Fi nally, the

ALDH12 fam ily rep re sents mi to chon drial D1-pyr ro line-5- 

carboxylate hydrogenases (P5CDHs). There is usu ally a
sin gle ALDH12 gene in both lower and higher plants. P5C
is an ox i da tion prod uct of proline. Proline is known to ac -
cu mu late in plants dur ing var i ous en vi ron men tal stresses
in clud ing drought, high sa lin ity, high light and other ox i da -
tive and bi otic stresses. We per formed X-ray crys tal lo -
graphic study com bined with site-di rected mu ta gen e sis and 
en zyme ki net ics to an a lyze ac tive sites and to iden tify key
res i dues af fect ing the sub strate or coenzyme pref er ences of 
above men tioned ALDH fam ily mem bers.

This work was sup ported by the grant 18-07563S from the
Czech Sci ence Foun da tion, the MOBILITY grant
7AMB17DE009 and the grant LO1204 from the Na tional
Pro gram of Sustainability I by the Min is try of Ed u ca tion,
Youth and Sports, Czech Re pub lic and in ter nal grants
IGA_PrF_2017_016 and IGA_PrF_2018_033 from
Palacký Uni ver sity Olomouc.
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Cal cium/calmodulin-de pend ent pro tein kinase kinase 2
(CaMKK2) is a mem ber of the Ca2+/calmodulin-de pend ent 
kinase (CaMK) which is in dis pens able for cell func tion,
gene ex pres sion and apoptosis ac ti va tion. Mal func tion of
this pro tein is of ten as so ci ated with neuropathology, gen i -
tal carcinogenesis and obe sity, all mak ing it a prom is ing
ther a peu tic tar get. CaMKK2 is ac ti vated via bind ing Ca2+

sen sor pro tein calmodulin (CaM) and in hib ited by 14-3-3
pro tein in a phosphorylation-de pend ent man ner. How ever,
the pre cise mo lec u lar mech a nisms by which these bind ing
in ter ac tions af fect CaMKK2 are still un clear. 

To elu ci date the struc tural ba sis of 14-3-3 and CaM
bind ing on CaMKK2 we used an a lyt i cal ul tra cen tri fu ga -
tion, small-an gle X-ray scat ter ing and meth ods cou pled
with mass spec trom e try.  An a lyt i cal ul tra cen tri fu ga tion
showed that phosphorylated CaMKK2 and 14-3-3 pro tein
form a sta ble com plex with 1:2 mo lar stochiometry. Our
data from SAXS sug gest that the com plex has an asym met -
ric shape and CaMKK2 is lo cated out side the cen tral chan -

nel of the 14-3-3g dimer. More over, 14-3-3g ap pears to
di rectly in ter act with sev eral re gions of CaMKK2 out side
the 14-3-3 bind ing mo tifs, in clud ing the kinase do main.
SAXS-based mod el ing of CaMKK2:CaM com plex re -
vealed mul ti ple con for ma tions, where nearly half con form -
ers adopts a com pact struc ture. Si mul ta neously, hy dro gen/
deu te rium ex change and chem i cal crosslinking cou pled
with mass spec trom e try sug gested that CaM also in ter acts
with the kinase do main of CaMKK2. Di rect in ter ac tion be -
tween CaM and the kinase do main has been pre vi ously de -
scribed only for one re lated CaMK, Death-as so ci ated
pro tein kinase. Al to gether, it seems that cat a lytic do main
plays an im por tant role in both activatory and in hib i tory
interactions. However, these suggestions need to be
supported by high-resolution structure of both complexes. 

This study was sup ported by the Czech Sci ence Foun da tion 
(Pro jects 16-02739S), 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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DNA interstrand cross-links (ICLs) are a com mon le sion
gen er ated in DNA spon ta ne ously or in duced by chem i cal
agents e.g. chemotherapeutics such as Cisplatin, ni tro gen
mus tard, psolaren. In ICLs two op po site strands of dou ble
he lix are co va lently linked block ing DNA rep li ca tion and
tran scrip tion [1]. Pres ence of ICLs in genomic DNA con -
trib utes to ag ing, neurodegeneration, and can cer. Apurinic/ 
apyrimidinc (Ap) sites are form of DNA dam age oc cur ring
fre quently and also spon ta ne ously in genomic DNA. Two
equilibrating forms of Ap site are cy clic hemiacetal and
ring-opened al de hyde. These un sta ble moi eties can eas ily
un dergo amino-cat a lyzed or spon ta ne ous strand cleav age
gen er at ing an electrophilic 2,3-dide hydro- 2,3-dideoxy -
ribo se sugar rem nant. A ring-opened al de hyde form of Ap
sites can re act with nucleophiles, for ex am ple ad e nine res i -
dues on the op pos ing DNA strand formin ICL with rel a -
tively high yields (20%). This can gen er ally at se quences

5‘-ApT/5‘-AA and un der physiologicaly rel e vant
con di tions [2, 3]. There fore it is fea si ble that Ap-ICLs are
gen er ated within the ge netic ma te rial of liv ing cells. Re -
cently, it has been shown that N-glycosidic bond form ing
the ICL is cleaved by Endonuclease VIII-like 3 (NEIL3),
lead ing to un hooked crosslink in S phase. A crit i cal step is
pro grammed col lapse of rep li ca tion forks stalled by the
ICL. Rep li ca tion fork con verge on the Ap-ICL, pro mot ing
NEIL3 de pend ent glycosylase cleav age of the N-glyco -
sidic bond and fol low ing the nu cle o tide in ser tion across
from the un hooked le sion, lead ing to strand ex ten sion be -
yond the un hooked le sion [4].

The fo cus of this work is the prep a ra tion of Ap-ICL, its
char ac ter iza tion and mech a nisms of its for ma tion. In or der
to un der stand the mo lec u lar mech a nisms of the re pair we
em ployed crys tal li za tion of pu ri fied Ap-ICL with and
with out DNA re pair pro tein. Ad di tion ally, we have set up
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mech a nis tic ex per i ments in vi tro to re veal and cal cu late the 
prob a bil ity of Ap-ICl for ma tion and its sta bil ity in vivo. We 
char ac ter ize how en vi ron men tal con di tions af fect these
pro cesses. Our work sug gest that Ap-ICL is rel a tively a
sta ble le sion in com par i son with Ap site it self that is eas ily
frag mented. Our ex per i ments  ex tended the un der stand ing
of ICL for ma tion, re pair and rough es ti mates of oc cur rence
of this le sion in vivo.

1. Knipscheer, P., Räschle, M., Schärer, O.D., Wal ter, J.C.
(2009) Sci ence (New York, NY) 326: 1698-1701.

2. Price, N.E., Catalano, M.J., Liu, S., Wang, Y., Gates, K.S.
(2015) DNA. Nu cleic Ac ids Re search 43: 3434-3441.

3. Price, N.E., John son, K.M., Wang, J., Fekry, M.I., Wang,
Y., Gates, K.S. (2014) Jour nal of the Amer i can Chem i cal
So ci ety 136: 3483-3490.

4. Semlow, D.R., Zhang, J., Budzowska, M., Drohat, A.C.,
Wal ter, J.C. (2016) Cell, 10.1016/j.cell.2016.09.0081-14.

The pro ject was sup ported by Pro ject InterBioMed
LO1302 from Min is try of Ed u ca tion of the Czech Re pub lic.
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STRUCTURAL STUDIES OF 14-3-3 COMPLEXES WITH PEPTIDES CONTAINING
14-3-3 BINDING MOTIFS OF PROTEIN KINASE CAMKK2

Domenico Lentini Santo1, Veronika Obsilova2, Tomas Obsil1,2

1De part ment of Phys i cal and Macromolecular Chem is try, Fac ulty of Sci ence, 
Charles Uni ver sity, 12843 Prague

2In sti tute of Phys i ol ogy, The Czech Acad emy of Sci ence, 14220 Prague

Cal cium/calmodulin-de pend ent pro tein kinase kinase 2
(CaMKK2) is a mem ber of the Ca2+/calmodulin-de pend ent 
kinase (CaMK) fam ily in volved in ad i pos ity reg u la tion,
glu cose ho meo sta sis and can cer, and is a po ten tial tar get
for ther a peu tic in ter ven tion. This up stream ac ti va tor of
CaMKI, CaMKIV and AMP-ac ti vated pro tein kinase is
neg a tively reg u lated by phosphorylation, which trig gers an 
as so ci a tion with the scaf fold ing pro tein 14-3-3. Mech a nis -
ti cally, 14-3-3 pro teins con strain the con for ma tion, oc -
clude se quence-spe cific and struc tural fea tures, pro mote
pro tein-pro tein in ter ac tions, or pre vent the ag gre ga tion of
their bind ing part ners. Stud ies have shown that CaMKKs
bind to var i ous 14-3-3 pro tein isoforms and that the con -
served mo tif con tain ing phosphorylated Ser74 in CaMKK1
(cor re spond ing to Ser100 in CaMKK2) func tions as the pri -
mary 14-3-3 bind ing site. Fur ther more, a sec ond 14-3-3
bind ing mo tif con tain ing phosphorylated Ser475 in
CaMKK1 (Ser511 in CaMKK2) has also been sug gested.
Al though the pu ta tive C-ter mi nal 14-3-3 bind ing mo tif (se -
quence RSLpSer511AP) is a ca non i cal “mode I” 14-3-3
bind ing site (RXX(pS/pT)XP, wherein pS/pT is
phosphoserine or phosphothreonine and X is any res i due),
the N-ter mi nal mo tif (se quence RKLpS100LQE) con tains a
Gln res i due at the po si tion +2 rel a tive to the
phosphorylated res i due pSer100. Bioinformatics sur vey of
14-3-3 bind ing sites re vealed that Gln is sel dom found at
+2 be cause the Pro res i due and, to a lesser ex tent, Ser, Gly
and Asp also, are fre quently found at this po si tion.

To elu ci date the struc tural ba sis of in ter ac tions be tween 
14-3-3 pro teins and the 14-3-3 bind ing mo tifs of
CaMKK2, we solved the crys tal struc tures of phospho -

peptides pepS100 (se quence RKLpSLQER) and pepS511

(se quence RSLpSAPGN) bound to 14-3-3z and 14-3-3g,
re spec tively. The 14-3-3 isoforms were se lected based on
qual ity of the re sult ing crys tals. The crys tal struc tures were
solved by mo lec u lar re place ment us ing the struc tures of

14-3-3z (PDB ID: 4FJ3) and 14-3-3g (PDB ID: 2B05) as
search mod els, and re fined at a res o lu tion of 2.68 and 2.84
C, re spec tively. The fi nal elec tron den si ties al lowed us to
build seven res i dues (KLpSLQER) of pepS100 and six res -
i dues (RSLpSAP) of pepS511. The crys tal struc tures
showed that both phosphopeptides in ter act with the
amphipathic groove of 14-3-3 sim i larly to other 14-3-3
com plexes. Nev er the less, in the case of the N-ter mi nal mo -
tif, the in ter ac tion be tween the side-chain of Gln at the po -
si tion +2 rel a tive to pSer100 and the phos phate group
ap pears to change the di rec tion of the polypeptide chain.
In ter est ingly, the su per im po si tion of this struc ture with that 
of the ter nary com plex be tween the phosphopeptide de -
rived from the C-ter mi nus of plant plasma mem brane
H+-ATPase, plant 14-3-3C, and fusicoccin showed that the
fusicoccin bind ing cav ity stays empty due to the abrupt
change in the di rec tion of the C-ter mi nal part of pepS100.
There fore, this pro tein-pro tein in ter ac tion might be sta bi -
lized by small-mol e cule com pounds, as pre vi ously re -
ported for other 14-3-3 com plexes, which is a po ten tial
strat egy to in hibit the CaMKK ac tiv ity.

This study was sup ported by the Czech Sci ence Foun da tion 
(Pro jects 16-02739S) and the Ini tial Train ing Net work,
funded by the H2020 Ma rie Cu rie Ac tions of the Eu ro pean
Com mis sion un der Grant Agree ment 675179.
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ELECTRONIC SCULPTING OF AT2R LIGANDS BY WELL-TEMPERED AND FLYING
GAUSSIAN METADYNAMICS

V. Mareška1, A. Roeselová2, V. Spiwok1, B. Králová1

1De part ment of Bio chem is try and Mi cro bi ol ogy, Uni ver sity of Chem is try and Tech nol ogy, Prague, 
Technická 3, Prague 6, 16628, Czech Re pub lic

2Johannes Kep ler Gym na sium, Parléøova 2, Prague 6, 16900, Czech Re pub lic

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, with
ty ro sine, phenylalanine, 4-nitrophenylalanine and O-
 phospho tyrosine 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 400 ns well-tem pered metadynamics
sim u la tions were pre dicted as: 17 ± 3 % (exp. 40 %) for ty -
ro sine, 35 ± 6 % (exp. 25 %) for O-phosphotyrosine, 20 ± 4
% (exp. 20 %) for phenylalanine and 14 ± 4 % (exp. 5 %)
for 4-nitrophenylalanine, re spec tively (mean ± s.d.) as
Xxx. The ac cu racy of these re sults are cur rently be ing im -
proved by com bi na tion with Fly ing Gaussi an meta -
dynamics, the new method de vel oped by our group.

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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CONSTRUCTION OF VECTORS ENABLING EUKARYOTIC EXPRESSION OF
ANTIBODY FABS AIMED AT CRYSTALLOGRAPHY OF TAU FILAMENT CORE

K. Mihalovicova1, R. Skrabana1,2, A. Legenova2, O. Cehlar1,2, P. Majerova1,2, P.  Filipcik1,2, 
E. Drozdikova2, J. Sithova1,2, M. Novak1

1 In sti tute of Neuroimmunology, Slo vak Acad emy of Sci ences, Bratislava, Slovakia
2AXON Neu ro sci ence R&D Ser vices SE, Bratislava, Slovakia

klaudia.mihalovicova@savba.sk 

In Alz hei mer dis ease and other tauopathies, tau pro tein is
the con stit u ent of neurofibrillary tan gles [1]. Ultra -
structurally, tau in clu sions are made of paired he li cal fil a -
ments (PHFs) and straight fil a ments [2]. Pro tein tau
emerges as a prom is ing tar get for de vel op ing dis ease-mod -
i fy ing drugs [3]. Pre cise atomic-level struc tural in for ma -
tion of the tau fi brils has been re cently elu ci dated us ing
cryo elec tron mi cros copy [4], but there are re main ing un re -
solved ques tions. Struc tural study of com plexes be tween
tau pro tein frag ments de rived from the PHF core [5] and
monoclonal an ti bod ies spe cific for a con for ma tion of tau in 
PHF core may help to elu ci date miss ing parts of as sem bled
tau in tauopathies. 

Tau pro tein alone is not form ing crys tals, but us ing
bind ing part ners, e.g., monoclonal an ti bod ies, it may be
pos si ble to sta bi lize dis tinct (in situ) fold of re com bi nant
tau and likely crys tal lize the com plex [6]. Fabs of
monoclonal an ti bod ies can thus serve as sur ro gate tau pro -
tein bind ing part ners to aid tau crys tal li za tion. Fabs are tra -
di tion ally pre pared by papain di ges tion of in tact an ti body;
how ever, these Fabs may be het er o ge neous and may con -

tain papain, which can cleave sen si tive tau mol e cule dur ing 
co-crys tal li za tion. Al ter na tively, recombinantly-ex pressed
Fabs can be used. Re com bi nant Fabs are ho mo ge neous and 
pure and there fore more suit able for crys tal li za tion. Ex -
pres sion of such re com bi nant an ti bod ies re quires the
knowledge of the antibody sequence and a suitable cloning
vec tor. 

Aim of this work was to cre ate a new ex pres sion vec tor
yield ing a high ex pres sion of re com bi nant Fab in CHO
cells. The vec tor should have a suit able an ti bi otic re sis -
tance and con tain re stric tion sites for fa cil i tat ing clon ing.
We con structed vec tor pHu_7 de rived from pCMV-BD
vec tor (Stratagene), ex press ing re com bi nant pro teins un -
der the CMV pro moter with a hu man im mu no glob u lin
kappa light chain sig nal se quence al low ing for se cre tion of
the pro tein. Sub se quently, we have in serted light and heavy 
chain of DC8E8, MN423 and DC25 an ti body Fab [6,7].
We have ver i fied the ex pres sion of the an ti bod ies from the
con structed vectors by a small-scale pilot experiment in
CHO cells.
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Sum ma riz ing, we suc cess fully con structed ex pres sion
vec tors car ry ing the light and heavy chains of sev eral
monoclonal an ti body Fabs. In the next steps we will pu rify
Fab frag ments on a large scale, char ac ter ize their qual ity
for crys tal lo graphic ex per i ments and co-crys tal lize them
with se lected variants of tau protein.

1. C. M. Wischik, M. Novak, H. C. Thogersen, P. C. Ed -
wards, M. J. Runswick, R. Jakes, J. E. Walker, C. Milstein, 
M. Roth, and A. Klug, Proc. Natl. Acad. Sci. USA, 85,
(1988),  4506-4510. 

2. R. A. Crow ther, Proc. Natl. Acad. Sci. USA, 88, (1991),
2288-2292.

3. L. Chuanzhou, G. Jurgen Na ture, 12, (2017) 863-883.

4. A. W.P. Fitzpatrick, B. Fal con, S. He, G. A. Murzin, G.
Murshudov, H. J. Garringer, R. A. Crow ther, B. Ghetti, M.
Goedert, S. H. W. Scheres, Na ture, 547, (2017) 185-190.

5. M. Novak, J. Kabat and C. M. Wischik, The EMBO Jour -
nal, 12, (1993) 365-370.

6. R. Skrabana, R. Dvorsky, J. Sevcik, M. Novak, Jour nal of
Struc tural Bi ol ogy, 171, (2010), 74-81.

7. E. Kontsekova, N. Zilka, B.Kovacech, R. Skrabana, M.
Novak, Alz hei mer Res. Ther., 4, (2014), 45.
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CRYO-ELECTRON MICROSCOPY OF MAMMALIAN CELLS

J. Moravcová, J. Nováèek, M. Procházková, M. Peterek, P. Plevka

CEITEC – Masaryk Uni ver sity, Kamenice 753/5, 62500, Brno, Czech Re pub lic

Un til re cently, it was not pos si ble, due to tech ni cal and
meth od o log i cal lim i ta tions, to study the struc tures of
macromolecular com plexes in liv ing cells. Cryo-EM stud -
ies have been per formed on iso lated macromolecular com -
plexes and organelles. In con trast cells had to be fixed,
stained by heavy met als, and sec tioned for im ag ing in an
elec tron mi cro scope. How ever, cur rent ad vances in fo -
cused ion beam mill ing (FIBM) and cryo-elec tron to mog -
ra phy (cryo-ET) per mit im ag ing of macromolecular
com plexes in near na tive state in sec tions of vit ri fied cells.

Here we pres ent op ti mi za tion of FIBM pro to col to pre -
pare lamellas from mam ma lian tis sue cul ture cell lines for
cryo-ET. Cells grown on golden elec tron mi cros copy holey 
car bon coated grids with Quantifoil® were blot ted and vit -
ri fied in liq uid eth ane us ing Vitrobot Mark 4 (Thermo
Fisher Sci en tific) to pre vent for ma tion of crys tal line ice.
Sub se quently, lamellas were milled us ing fo cused beam of

gal lium ions on dual beam scan ning elec tron mi cro scope
Versa 3D (Thermo Fisher Sci en tific). We strive to pre pare
lamellas with max i mal thick ness of 250 nm so that they are
suit able for im ag ing in trans mis sion elec tron mi cro scope
op er ated at 300 kV. Grids with milled lamellas are then
trans ferred, in cryo genic con di tions, to elec tron mi cro -
scope Ti tan Krios (Thermo Fisher Sci en tific) for cryo-ET
of selected objects of interest inside the cell.

This re search was sup ported by ERC Grant Agree ment
355855 and EMBO Grant Agree ment IG 3041 awarded to
Dr. Pavel Plevka. We would like to thank to 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 Na -
tional Sustainability Pro gram II and Czech In fra struc ture
for In te gra tive Struc tural Bi ol ogy (LM2015043 funded by
the Min is try of Ed u ca tion, Youth and Sports of the Czech
Re pub lic).
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In trin si cally dis or dered pro teins (IDPs) are macro mole -
cules lack ing unique 3D struc tures. In past two de cades, it
was re vealed that a sig nif i cant part of eukaryotic ge nome
con sists of IDPs. In spite of the ab sence of de fined struc -
tures, IDPs are nec es sary for proper func tion of cells. [1]

One of the larg est IDPs stud ied with atomic reoslution
is Microtubule As so ci ated Pro tein 2c (MAP2c), that be -
longs to a MAP subfamily ex pressed in neu rons dur ing

neuronal dif fer en ti a tion in the de vel op ing ner vous sys tem
and can be found mainly in their den drites [2]. MAP2c reg -
u lates dy nam ics and struc ture of microtubules in a
phosphorylation-de pend ent man ner, which is es sen tial for
the cor rect func tion of cytoskeleton of neu ral cells and its
dys func tion may be one of the rea sons of the de vel op ment
of neurodegenerative dis eases [3].
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To un der stand the func tions of MAP2c, knowl edge of
its conformational prop er ties is re quired. NMR re lax ation a 
pow er ful method well suited to pro vide in for ma tion about
dy nam ics of IDPs such as MAP2c. The re lax ation study of
MAP2c re vealed pres ence of par tially or dered re gions that
cor re late well with known or pro posed bind ing sites of the
protein.

1. Babu, M. M., van der Lee, R., de Groot, N. S., & Gsponer,
J. (2011). In trin si cally dis or dered pro teins: reg u la tion and
dis ease. Cur rent Opin ion in Struc tural Bi ol ogy , 21(3),
432-440.

2. Weisshaar, B., Doll, T., & Matus, A. (1992). Re or gani sa -
tion of the microtubular cytoskeleton by em bry onic
microtubule-as so ci ated pro tein 2 (MAP2c). De vel op ment,
116(4), 1151-1161.

Va len cia, R. G., Walko, G., Janda, L., Novacek, J.,
Mihailovska, E., Reipert, S., Andrä-Morobela, K., &
Wiche, G. (2013). In ter me di ate fil a ment-as so ci ated cyto -
linker plectin 1c destabilizes microtubules in kerati -
nocytes. Mo lec u lar Bi ol ogy of the Cell, 24(6), 768-784.
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INTERACTION OF MOMLV AND MMTV MATRIX PROTEINS WITH MEMBRANEOUS
PHOSPHOLIPIDS 

Prchal J., Ruml T., Hrabal R.

UCT Prague, Technická 5, 166 28, Praha 6 Dejvice, Czech Re pub lic

The retro virus es are en vel oped vi ruses, there fore dur ing
the late phase of their life cy cle they need to re cruit vi ral
mem bra nous en ve lope orig i nat ing from the cy to plas mic
mem brane from the host cell. The in ter ac tion of vi ral im -
ma ture par ti cle with the mem brane is fa cil i tated by struc -
tural pro tein ma trix pro tein (MA). Like all struc tural
pro teins, MA in im ma ture vi ral par ti cle is a part of Gag
polyprotein and it is cleaved by vi ral pro te ase af ter vi rus
par ti cle leaves host cell. MAs of most retro virus es are
myristoylated and the myristoyl is nec es sary for the in ter -
ac tion with the mem brane, since it serves as an an chor of
whole Gag in phospholipid bilayer. The mol e cule re spon si -
ble for the bind ing of MA to the proper mem brane is
phosphatidylinositol-4,5-bisphosphate (PIP), a phospho -
lipid found ex clu sively in cy to plas mic mem brane. It has
been proven for HIV-1, that PIP sig nif i cantly im proves
bind ing of retroviral MAs on the plasma mem brane1,2. 

There are two main types of retroviral vi rus par ti cle as -
sem bly. The B/D type retro virus es as sem ble the im ma ture
vi rus par ti cle in the cy to plasm and it is then trans ported to -
wards the mem brane. The C-type Gag pro teins are trans -
ported di rectly to wards the plasma mem brane and the
for ma tion of im ma ture vi rus par ti cle oc curs on the mem -
brane along with the bud ding. This type of retro virus must
also af fect the in ter ac tion of gag with the mem brane, since
in C-type only sin gle mol e cules in ter act with the mem -
brane, while in D-type it is whole im ma ture vi rus par ti cle.
In this work, we used MA of Moloney Murine Leu ke mia

Vi rus (MoMLV) as a C-type retro virus model and Mouse
Mam mary Tu mor Vi rus (MMTV) MA as a model of B/D
type retro virus. We mea sured the bind ing of these MA pro -
teins with liposomes of var i ous phospholipid com po si tions 
and com pared the strength of the in ter ac tion be tween these
two pro teins and also to com pared it with other retroviral
MAs (mainly with HIV-1 as a C-type and Mason-Pfizer
Monkey Virus as a B/D-type).

The pro teins were pro duced in E. coli cells. The
myristoylation was fa cil i tated by co-ex pres sion of MAs
with yeast N-myristoyl transferase. The pu ri fied pro teins
were then used for in ter ac tion with ar ti fi cial liposomes
com posed of dif fer ent lipids and dif fer ent amounts of PIP.
The un bound pro tein was sub se quently re moved from the
liposomes by ul tra cen tri fu ga tion in su crose gra di ent and
analyzed by SDS-PAGE.

This work was sup ported by Czech Sci ence Foun da tion
grant GA17-24281S.

1. Saad, J. S., Miller, J., Tai, J., et al. (2006). Struc tural ba sis
for tar get ing HIV-1 Gag pro teins to the plasma mem brane
for vi rus as sem bly. Proc. Natl. Acad. Sci. U. S. A. 103,
11364–9.

Prchal, J., Srb, P., Hunter, E., et al. (2012). The struc ture
of myristoylated ma son-pfizer mon key vi rus ma trix pro tein
and the role of phosphatidylinositol-(4,5)-bisphosphate in
its mem brane bind ing. J. Mol. Biol. 423, 427–38.
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ENGINEERED FRAGMENTS OF ANTI-PSMA ANTIBODIES AND THEIR USE IN
IMMUNOTHERAPY OF PROSTATE CANCER

Jakub Ptáèek, Zora Nováková, Cyril Baøinka

Lab o ra tory of Struc tural Bi ol ogy, In sti tute of Bio tech nol ogy CAS, BIOCEV

Pros tate-spe cific mem brane an ti gen (PSMA) is an ex cel -
lent biomarker for pros tate can cer (PCa) im ag ing and ther -
apy. In our on go ing ef forts tar get ing PSMA, we have
de vel oped a new monoclonal an ti body 5D3 with sub-nano -
molar af fin ity for hu man PSMA. Next, we used pro tein en -
gi neer ing to con struct sin gle-chain vari able frag ment
de riv a tives of 5D3 (5D3-scFv), op ti mized ex pres sion and
pu ri fi ca tion pro to cols and ver i fied their func tion al ity in

com ple men tary in vi tro as says. We are fur ther ex tend ing
our ex per i men tal ap proaches by ex ploit ing the 5D3-scFv
in im mu no log i cal plat forms in clud ing (i) the de sign of
bispecific fu sions that will en gage effector im mune cells
(macrophages and T-cells); and (ii) con struc tion of chi me -
ric an ti gen re cep tors (CARs) to trans duce T-cells. Both of
these plat forms will be then tested in vi tro and in vivo for
immunotherapy of PSMA-ex press ing tu mor cells.
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Mu ta tions in hu man genes can be re spon si ble for in her ited
ge netic dis or ders and can cer. It has been shown that cer tain 
DNA se quences are more prone to mu tate [1]. These sites
are termed hotspots and ex hibit a higher mu ta tion fre -
quency than ex pected by chance. In con trast, DNA se -
quences with lower mu ta tion fre quen cies than ex pected by
chance are termed coldspots. Mu ta tion hotspots are usu ally 
de rived from a mu ta tion spec trum, which how ever of ten
re flects par tic u lar pop u la tion where an ef fect of a com mon
an ces tor plays a role. To de tect coldspots and hotspots un -
af fected by pop u la tion bias we ana lysed pres ence of
germline mu ta tions ob tained from HGMD da ta base in the
5-nu cle o tide seg ments which re peat edly oc cur ring in genes 
as so ci ated with com mon in her ited dis or ders [2], par tic u -
larly in PAH, LDLR, CFTR, F8, and F9 genes.

Us ing mo lec u lar dy nam ics sim u la tions and free en ergy
cal cu la tions we have an a lyzed global bend ing prop er ties of 
se lected coldspots and hotspots with G/T, G/A and A/C

mis match base pairs. Coldspots were ob served to be in her -
ently more flex i ble than hotspots. In ad di tion, we ob served
that mis match G/T pair opens more eas ily to wards mi nor
groove than a ca non i cal G = C base pair in the bent DNA
con for ma tion. This prop erty might be crit i cal for ef fec tive

mis match re pair as ab er rant DNA rec og nized by MutSa
pro tein is no tice ably bent and mis match base pair is dis -
rupted and shifted to wards mi nor groove where it is rec og -

nized by con served amino ac ids from MutSa.

1. Rogozin, I. B. and Y. I. Pav lov (2003). “The o ret i cal anal y -
sis of mu ta tion hotspots and their DNA se quence con text
spec i fic ity.” Mu ta tion Re search-Re views in Mu ta tion Re -
search 544(1): 65-85.

2. Krawczak, M., E. V. Ball, et al. (1998). “Neigh bor ing-nu -
cle o tide ef fects on the rates of germ-line sin gle-base-pair
sub sti tu tion in hu man genes.” Amer i can Jour nal of Hu man
Ge net ics 63(2): 474-488.
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DINUCLEOTIDE HYDRATION SITES
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In sti tute of Bio tech nol ogy of the Czech Acad emy of Sci ences, v. v. i., BIOCEV, Prùmyslová 595, 252 50
Vestec, the Czech Re pub lic
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Un der stand ing of the bi o log i cal func tion of DNA re quires
to un der stand its mo lec u lar struc ture. It is gen er ally known
that DNA is poly mer made up of nu cleo tides that con tain a
phos phate group, a sugar group and a ni tro gen base. The
re cur rent pat tern of the sugar group and the phos phate
group con sti tute the DNA back bone. DNA com plexes are
typ i cally com prised of two or more strands. Func tional
forms of DNA are sta bi lized by base pair ing, base stack ing, 
and in ter ac tions with sol vent. In flu ence of wa ter mol e cules 
on the struc ture and func tion of DNA is an ob ject of nu mer -
ous re searches [1, 2]. 

Our work is fo cused on the anal y sis of the re la tion be -
tween hydration sites and dinucleotide con for ma tions. We
used the pre vi ously pub lished method [1] to iden tify the
po si tions and in ten si ties of the hydration sites of the de -
fined dinucleotides conformational classes called NtC (Nu -
cle o tide Classes) [3]. The bioinformatic anal y sis is based
on the crys tal struc tures with a res o lu tion better than 2.6 C
with the most fre quent res o lu tion be ing near 2.2 C. The
dinucleotides were clas si fied into the NtC us ing the pro to -
col [3] and fur ther ana lysed sep a rately for each of the 16
pos si ble dinucleotide se quences. For the cal cu la tion of the
av er age wa ter po si tions, so called hydration sites [1], we
took into ac count only the dinucleotides for which our da -
ta base of avail able dinucleotide struc tures con tains with

more than 500 wa ters. The dis tri bu tions of wa ter mol e cules 
were ex pressed as pseudo-elec tron-den sity maps, and
hydration sites were de ter mined as max ima in the den sity
map [1, 6]. The re sults will be pre sented in the At las of
biomolecular hydration, Watlas, based on the re cently pub -
lished at las of amino acid hydration [4, 5]. Here, we pres ent 
re sults for se lected NtC classes with the high est oc cu pancy
of wa ter mol e cules. 

1. B. Schnei der and H. M. Berman: Biophys J. 69, 2661-2669
(1995). 

2. B. Schnei der, K. Patel and H. M. Berman: Biophys. J. 75,
2422-2431 (1996).

3. Schnei der, B., et al., Acta Crystallographica Sec tion
D-Struc tural Bi ol ogy, 74, (2018), 52-64.

4. L. Biedermannova and B. Schnei der, Acta Crystallogr D
Biol Crystallogr, 71, (2015), 2192-2202.

5. J. Cerny, B. Schnei der, L. Biedermannova: PCCP, 19,
17094 (2017). 

5. M. D. Winn et al., Acta Crystallogr D Biol Crystallogr,
D67, (2011), 235-242.

The in sti tu tional sup port from the In sti tute of Bio tech nol -
ogy (RVO 86652036) is greatly ac knowl edged.
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Hromadová3, Yoshiyuki Tanaka5, Miloš Budìšinský1, Vladimír Sychrovský1
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Sendai, Miyagi 980-8578, Ja pan

We the o ret i cal stud ied the charge trans fer ef fi ciency for
do nor-ac cep tor pairs in DNA du plexes con tain ing dam -
aged nu cleo sides. The do nor was 2-aminopurine (Ap)
while the ac cep tor was gua nine (G), 8-oxoguanine (OxoG)
or 2,6-diamino-4-oxo-5-formamidopyrimidine (FapyG).

The OxoG and FapyG are mu ta tions of nor mal gua nine that 
oc cur ow ing to in ter ac tion of DNA with free rad i cals. The
hu man 8-oxoguanine DNA glycosylase 1 (hOGG1) re pair
en zyme that per forms ex ci sion of dam aged bases, how -
ever, the ex act ex ci sion mech a nism is cur rently un known.
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Re cently, we pro posed new cat a lytic scheme for hOGG1
en zyme [1, 2]. In the cur rent study we wanted to find out
whether the base ex ci sion by hOGG1 could be in prin ci ple
mon i tored in real time em ploy ing flu o res cence spec tros -
copy. In our pre vi ous stud ies on charge trans fer the cal cu -
lated do nor – ac cep tor cou pling integrals de scribed
suc cess fully mod u la tion of charge trans fer ef fi ciency that
was mea sured in DNA mol e cules [2, 3]. In par tic u lar, the
cou pling integrals de scribed quench ing of flu o res cence ra -
di a tion from 2-aminopurine by gua nine in re la tion with the
hole trans fer from Ap to G [3, 4]. The cal cu lated cou pling
integrals in di cated that gua nine is better quencher than
OxoG or FapyG. The re sults in di cated that ex per i men tal
de tec tion of dam aged nu cleo sides within DNA du plex em -
ploy ing flu o res cence spec tros copy is possible. 

This work was sup ported by the Grant Agency of the Czech
Re pub lic 18-14990S. The ac cess to the MetaCentrum com -
put ing fa cil i ties is ap pre ci ated. 

1. Šebera J, Trantírek L, Tanaka Y, Sychrovský, V. J. Phys.
Chem. B,  2012, 116, 12535-12544.

2. Šebera J, Hattori Y, Sato D, Øeha D, Nencka R, Kohno T,
Kojima C, Tanaka Y, Sychrovský V., Nu cleic ac ids Res.,
2017, 45, 5231-5242.

3. Kratochvílová I, Vala M, Weiter M, Špérová M, Schnei der
B, Páv O, Šebera J, Rosenberg I, Sychrovský V., Biophys.
Chem., 2013, 180, 127-134.

4. Kratochvílová I, Golan M, Vala M, Špérová, M, Weiter M, 
Páv O, Šebera J, Rosenberg I, Sychrovský V, Tanaka Y,
Bickelhaupt FM.,  J. Phys. Chem. B, 2014, 118,
5374-5381.
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 Polyomaviruses are small, non en vel oped, dsDNA vi ruses. 
Their capsids are formed by ma jor capsid pro tein (VP1)
and two mi nor capsid pro teins (VP2 and VP3). Mer kel cell
polyomavirus (MCPyV) is a hu man patho gen form the
fam ily Polyomaviridae. MCPyV is wide spread in hu mans
and causes rare but ag gres sive skin tu mors - Mer kel cell
car ci no mas, in immunosuppressed in di vid u als.  No vac -
cines or antivirals against MCPyV are known. We de ter -
mined the  struc ture of the MCPyV vi rus like par ti cle

(VLP) by cryo-electron mi cros copy and sin gle par ti cle
anal y sis to  the res o lu tion of 3.7 C. Pre vi ously, struc ture of
MCPyV VP1 pentamer, trun cated from C and N ter mi nus,
was solved. Our re con struc tion of whole VLPs re veals how  
pentamers  form the capsid through in ter actions of  C- and
N-ter mi nal parts of VP1s. Capsid sta bil ity is strength ened
by disulfide bonds be tween VP1s from two ad ja cent
pentamers.

P49

THE STUDY OF THE ROLE OF FANCI PHOSPHORYLATION IN FANCD2
MONOUBIQUITYLATION AND DNA CROSSLINK REPAIR

Petra Krafcikova, Barbora Landova, Evzen Boura, Jan Silhan

In sti tute of Or ganic Chem is try and Bio chem is try AS CR, v.v.i., Flemingovo nam. 2., 166 10, Prague 6, 
Czech Re pub lic

Interstrand crosslinks (ICLs) are cytotoxic form of DNA
dam age. ICLs pre cip i tate Fanconi anae mia (FA) a rare ge -
netic dis ease with pa tients car ry ing biallelic mu ta tions in
one of some 22 genes (FANC genes). The pa tients suf fer
from de vel op men tal de fects, small stat ure, bone mar row
fail ure and of ten suc cumb to can cer. Cell lines de rived
from FA pa tients are hy per sen si tive to DNA crosslinking
agents, such as Cisplatin. Lead ing to im pli ca tion of FANC
genes in ICL re pair and fur ther pos tu la tion of FA DNA re -
pair path way [1]. The hall mark of FA de pend ent ICL re pair 
is FANCD2 monoubiquitylation, a cru cial re ac tion re -
quired for fur ther ICL ex ci sions by DNA nuclease com plex 
SLX4-XPF-ERCC1 [2-4]. Additinally, ge netic stud ies
have shown that phosphorylation of FANCI trig gers
FANCD2 monoubiquitylation. In this work we in ves ti gate

the role of phosphorylated FANCI in the pro cess of ini ti a -
tion and pro gres sion of ICL re pair. 

To dis sect the mo lec u lar mech a nisms FANCI
phosphorylation, we gen er ated mu tants of five known
ATR phosphorylation. These sites were mu tated to Asp as
a phosphorylation mimic and Ala as a con trol. To test the
in flu ence of FANCI phosphorylation we used var i ous
DNA sub strates mim ick ing DNA rep li ca tion in clud ing sin -
gle stranded and dou ble stranded DNA. We have mea sured 
flu o res cent ani so tropy, gel based DNA bind ing as says and
ki net ics of FANCD2 monoubiquitylation re ac tion. We
have val i dated DNA bind ing of FANCD2 and FANCI in
com par i son with FANCD2-FANCI com plex. Here
FANCD2 bound to DNA with lower af fin ity then FANCI.
Al though we did not ob serve strik ing dif fer ences be tween
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in di vid ual DNA struc tures, com bin ing the two pro teins led
to sig nif i cant in crease of DNA bind ing af fin ity. This is in
ac cor dance with the fact that FANCD2 is mono ubi -
quitylated on DNA. Al though the pres ence of monoubi -
quitylated FANCD2 has not re vealed sig nif i cant changes
in DNA bind ing af fin i ties we have ob served sig nif i cant
stimulatory ef fect of DNA bind ing us ing phosphomimetic
mu tants of FANCI. Our data bring the ev i dence that ATR
phosphorylation triggers the FANCI and FANCD2
ubiquitylation by its localisation on DNA. 

1. Ceccaldi, R., Sarangi, P., D’Andrea, A.D. (2016), Na ture
Re views Mo lec u lar Cell Bi ol ogy 17: 337.

2. Hodskinson, M.R.G., Silhan, J., Crossan, G.P.,
Garaycoechea, J.I., Mukherjee, S., John son, C.M., Scharer, 
O.D., Patel, K.J. (2014), Mo lec u lar Cell 54: 472-484.

3. Klein Douwel, D., Boonen R.C., Long, D.T., Szypowska,
A.A., Räschle, M., Wal ter, J.C., Knipscheer, P. (2014),
Mo lec u lar Cell 54: 460-471.

4. Zhang, J., Dewar, J.M., Budzowska, M., Motnenko, A.,
Cohn, M.A., Wal ter, J.C. (2015), Na ture Struc tural & Mo -
lec u lar Bi ol ogy 22: 242-247.

The work was sup ported by the Czech Sci ence Foun da tion
(17-21649Y). The pro ject was also sup ported by the Acad -
emy of Sci ences Czech Re pub lic (RVO: 61388963).
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The pro cess of pro grammed cell death, apoptosis, is gen er -
ally char ac ter ized by dis tinct mor pho log i cal char ac ter is tics 
and en ergy-de pend ent bio chem i cal mech a nisms. Apop -
tosis is con sid ered a vi tal com po nent of var i ous pro cesses
in clud ing nor mal cell turn over, proper de vel op ment and
func tion ing of the im mune sys tem, hor mone-de pend ent at -
ro phy, em bry onic de vel op ment and chem i cal-in duced cell
death. Caspases were iden ti fied to play a cru cial role in
apoptotic path ways. It was de scribed pre vi ously that suf fi -
cient NADPH level in duces phosphorylation of procas -
pase-2 (proC2) and 14-3-3 pro tein bind ing pre vent ing
proC2 mat u ra tion. The nu tri ent de ple tion pro motes the
14-3-3 pro tein re lease and caspase-2 ac ti va tion as was de -
scribed pre vi ously in Xenopus laevis [1]. Our re cent re -
search sug gested that two phosphorylation sites are
re quired for proC2 bind ing to 14-3-3 [2]. 

Conformational be hav ior of phosphorylated proC2 and
its changes upon 14-3-3 pro tein bind ing was stud ied next
by time re solved flu o res cence in ten sity and de cay mea -

sure ments and acrylamide quench ing. Four proC2 mu tants
con tain ing sin gle tryptophan res i due at po si tions 151, 188,
218 and 426 and wt (con tain ing Trp385), were pre pared to
sam ple var i ous re gions of proC2. Val ues of mean flu o res -
cence life times clearly show the dif fer ent vi cin ity in in di -
vid ual mu tants af ter 14-3-3 bind ing with ex cep tion of
Trp188 which seems to be bur ied within the struc ture of
proC2. Data ob tained from flu o res cence ani so tropy de ter -
mined Trp151 and Trp426 ex hibit sig nif i cantly lower fast lo -
cal mo tions of Trp upon com plex for ma tion, in di cat ing
lower mo bil ity of this re gion upon 14-3-3 pro tein bind ing. 

1. Nutt LK et al. De vel op men tal Cell 16:856-866, 2009.

2. Kalabova D et al., Biochem Biophys Res Commun,
493(2):940-945, 2017.

This study was sup ported by the Czech Sci ence Foun da tion 
(Pro jects 17-00726S), 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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AND PARALLEL TEMPERING

Vojtìch Spiwok1, Pavel Køíž2, Jana Pazúriková3, Aleš Køenek4, Nikola Ïásková1, 
Zoran Šuæur1
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2De part ment of Math e mat ics, Uni ver sity of Chem is try and Tech nol ogy, Prague,

3In sti tute of Com puter Sci ence, Masaryk Uni ver sity, Brno

Biomolecular sim u la tions can sim u late nano- or mi cro sec -
ond time scales. Un for tu nately, many bi o log i cal pro cesses
take place in sig nif i cantly lon ger time scales. In or der to
make such sim u la tions pos si ble it is nec es sary to ap ply en -
hanced sam pling meth ods. In our group we de vel oped a
method called fly ing Gaussi an method [1]. The stud ied
sys tem is sim u lated in mul ti ple rep li cas by this method.
Rep li cas with sim i lar states of the sys tem (e.g. sim i lar con -
for ma tions) re pulse each other forc ing the sys tem to sam -
ple var i ous states. Free en ergy of the sim u lated sys tem can

be ob tained from sam pling and from onergis by which rep -
li cas in flu ence each other.

In or der to fur ther ex tend sam pling we com bined fly ing 
Gaussi an method with par al lel tem per ing. Each rep lica is
sim u lated at dif fer ent tem per a ture. Ev ery 1 ps a ex change
of co or di nates is at tempted in a pair of rep li cas. Here we
pres ent the de sign of the method as well as pre lim i nary re -
sults of its ap pli ca tion.

1. Šuæur, Z. and Spiwok, V. J. Chem. The ory Comput. 2016,
12(9), 4644-4650.
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91, Dadri Gautam Bud dha Nagar Uttar Pradesh, In dia

Pro te ase in hib i tors from the Kunitz fam ily are widely dis -

trib uted in plant king dom. They share a con served b-tre foil
fold in which vari able loops are in volved in in ter ac tions
with pro teas es. The ma jor ity of the Kunitz in hib i tors are
tar get ing serine pro teas es us ing ca non i cal (Laskowski)
mech a nism based on a sin gle bind ing loop with con served
struc ture. Here, we pres ent high-res o lu tion crys tal struc -

tures of two po tato Kunitz in hib i tors in com plexes with the
serine pro te ase trypsin. We iden ti fied a new, non-ca non i cal 
type of a re ac tive cen ter on these in hib i tors that is formed
by two loops. Fur ther more, we em ployed cross-link ing
mass spec trom e try ap proach to dem on strate that the
non-ca non i cal re ac tive site in ter acts also with chymo -
trypsin.
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FLYING GAUSSIAN METHOD: NEW APPLICATIONS

Zoran Šuæur, Nikola Ïásková, Vojtìch Spiwok

Uni ver sity of Chem is try and Tech nol ogy Prague,Technicka 5, Prague 6, Czech Re pub lic
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The time nec es sary to over come sig nif i cant en ergy bar ri ers 
in com plex free en ergy sur faces (FES) can be con sid ered as 
a ma jor draw back in mo lec u lar dy nam ics sim u la tions. This 
is sue can be tack led by de vel op ing en hanced sam pling
tech niques. Metadynamics is one of those meth ods and it

has been suc cess fully used for more than 15 years now [1].
In metadynamics, the his tory-de pend ent bias po ten tial acts
on pre se lected col lec tive vari ables (CV) and by do ing so, it
dis cour ages the sys tem from vis it ing pre vi ously sam pled
states. The bias po ten tial is de fined as a sum of Gaussi an
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“hills” (with pre se lected height and width) which are added 
to the sys tem and ac cu mu late dur ing the sim u la tion, forc -
ing the sys tem to visit new ar eas of FES. Se lec tion of CVs
is of cru cial im por tance pri mar ily in dis tin guish ing im por -
tant states of the stud ied sys tem.

Fly ing Gaussi an method [2] was in spired by mul ti ple
walk ers metadynamics. The sys tem is sim u lated in mul ti -
ple walk ers (rep li cas), but the bias po ten tial does not ac cu -
mu late dur ing the sim u la tion. In stead, with the new value
of CV be ing cal cu lated for each walker in ev ery mi cro -
scopic step of the sim u la tion, the po si tion of the “hill” for
each walker is only up dated. This means that dur ing the
whole sim u la tion, the num ber of “hills” is the same as the
num ber of the walk ers. The fill ing of the free-en ergy min -
ima is achieved by walkers concentrating in them.

This method was suc cess fully ap plied to ex plo ra tion of
CV space of se lected biomolecules, showed good per for -

mance in the terms of time sav ing and ef fi ciency in ex plor -
ing FES. FES were re con structed us ing on-the-fly
reweighting, as the bias po ten tial is too dy namic to di rectly
es ti mate it. Fur ther more, the method was tested for cases
where choice of CVs is par tic u larly dif fi cult, by align ing
the start ing rep li cas to a ref er ence struc ture and ap ply ing
the bias based on the cal cu la tions of com po nents of po si -
tion of pre se lected at oms of the rep li cas. We also pres ent
pre lim i nary re sults of using flaying Gaussian method in
docking simulations.

1. Laio A, Parrinello M. Es cap ing free-en ergy min ima. Pro -
ceed ings of the Na tional Acad emy of Sci ences of the United 
States of Amer ica. 2002, 99 (20):12562-12566.

2. Sucur Z, Spiwok V. Sam pling En hance ment and Free En -
ergy Pre dic tion by the Fly ing Gaussi an Method. J. Chem.
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Mod ern pro tein sci ence heavily re lies and ben e fits from the 
data gen er ated from ex per i men tal char ac ter iza tion of nat u -
ral pro tein se quences. Our study moves be yond the nat u ral
world in at tempt to con struct and de scribe the be hav iour of
ran dom pro tein li brar ies with out any evo lu tion ary back -
ground. In or der to in ves ti gate the struc ture-form ing po ten -
tial of ran dom pro teins we de signed and ap plied a novel
ran dom li brary con struc tion and pu ri fi ca tion meth od ol ogy. 

Our li brar ies, al though be ing ran dom in se quence, are cus -
tom ized in amino acid con tent and ra tios. This ap proach al -
lowed us to study the sec ond ary struc ture con tent of (i)
nat u ral-like ran dom pro teins com posed of all 20 amino ac -
ids, li brary of pro teins built from amino ac ids pres ent in (ii) 
prebiotic and (iii) early bi otic world and pro tein li brary
made from (iv) min i mal set of amino ac ids from the ra tio -
nal pro tein de sign point of view.
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14-3-3 pro teins are reg u la tory pro teins in volved in many
sig nal ing path ways. They play a key role in ner vous sys tem 
and neurodegeneration [1–3]. The 14-3-3 fam ily of pro -
teins con sists of seven isoforms in mam mals, which in ter -
act with large num ber of bind ing part ners con tain ing
phosphorylated Serine or Threonine [4]. The X-ray three-
 di men sional struc ture showed dimeric form of 14-3-3.

Each mono mer con sists of 9 a-he li ces in an anti parallel ar -
range ment. Dimer in ter face is sta bi lized by mul ti ple con -
served hy dro pho bic in ter ac tions (e.g.  L12), po lar con tacts

and by sev eral isoform-spe cific salt bridges (e.g. K78)
[5–6]. How ever, dimer dis so ci a tion con stants as well as
fun da men tal ki netic rate con stants re main un known.

In or der to study ther mo dy nam ics and ki net ics of

14-3-3z dimer, we pre pared a new con struct with a sin gle
ac ces si ble cysteine at the N ter mi nus of pro tein. This con -
struct was used in our re cently de vel oped as says based on
the Förster res o nance en ergy trans fer (FRET) and
self-quench ing (SQ) phe nom ena and in microscale
thermophoresis (MST) meth od ol ogy. We de ter mined the
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ther mo dy namic pa ram e ter (dis so ci a tion con stant, Kd) and

ki netic pa ram e ter rep re sented by life-time of 14-3-3z

dimer. More over, we stud ied the sta bil ity of 14-3-3z dimer
un der va ri ety of fac tors.

This work was sup ported by the re search grant from the
Czech Sci ence Foun da tion, grant no. GA. 15-34684L. The
re sults of this re search have been ac quired within CEITEC
2020 (LQ1601) pro ject. 
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The microtubule dy nam ics in the neuronal cells is mainly
mod u lated by two mem bers of the struc tural MAPs, MAP2
and tau, which play fun da men tal roles in the de vel op ment
of den drites and ax ons. The MAP2 pro teins are pres ent
mainly in the den drites of neuronal cells, while tau is pres -

ent in ax ons. 
MAP2c is a 49 kDa in trin si cally dis or dered pro tein

(IDP). IDPs are macromolecules in ter est ing both from bio -
phys i cal and phys i o log i cal point of view, but dif fi cult to
study by the cur rent bio phys i cal meth ods. Nu clear mag -
netic res o nance (NMR) is a key tech nique for atomic-res o -
lu tion stud ies of IDPs, but its ap pli ca bil ity is lim ited by a
spec tral over lap in case of long or highly re pet i tive
amino-acid se quences. Our group de vel oped high-res o lu -

tion NMR meth od ol ogy that over comes this lim i ta tion and

makes stud ies of large IDPs pos si ble.
We pres ent an atomic-res o lu tion conformational anal y -

sis of MAP2c based on chem i cal shifts ob tained from 5D
NMR ex per i ments, para mag netic re lax ation en hance ment
pro vid ing in for ma tion about intramolecular dis tances, and
small an gle x-ray scat ter ing ex per i ments re flect ing the
over all size and shape of the MAP2c mol e cule in so lu tion.
En sem bles of struc tures of phosphorylated and non -
phosphorylated  MAP2c re pro duc ing the ex per i men tal
data were se lected by the pro gram ASTEROIDS. The en -
sem bles were used to eval u ate lo cal con for ma tion and
long-range con tacts in the MAP2c mol e cule.
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BLI TECHNOLOGY AS A TOOL FOR BIOMOLECULAR INTERACTIONS

Pall ForteBio Eu rope

5 Harbourgate Busi ness Park, Southampton Road, Portsmouth, PO6 4BQ

United King dom io-Layer In ter fer om e try (BLI) is a la -
bel-free tech nol ogy for mea sur ing biomolecular in ter ac -
tions. It is an op ti cal an a lyt i cal tech nique that an a lyzes the
in ter fer ence pat tern of white light re flected from two sur -
faces: a layer of im mo bi lized pro tein on the bio sen sor tip,
and an in ter nal ref er ence layer. Any change in the num ber
of mol e cules bound to the bio sen sor tip causes a shift in the
in ter fer ence pat tern that can be mea sured in real-time.

The bind ing be tween a ligand im mo bi lized on the bio -
sen sor tip sur face and an analyte in so lu tion pro duces an in -
crease in op ti cal thick ness at the bio sen sor tip, which

re sults in a wave length shift, Dl, which is a di rect mea sure
of the change in thick ness of the bi o log i cal layer. In ter ac -
tions are mea sured in real time, pro vid ing the abil ity to
mon i tor bind ing spec i fic ity, rates of as so ci a tion and dis so -
ci a tion, or con cen tra tion, with pre ci sion and ac cu racy.

Only mol e cules bind ing to or dis so ci at ing from the bio -
sen sor can shift the in ter fer ence pat tern and gen er ate a re -

sponse pro file on the Oc tet® Sys tem. Un bound mol e cules,
changes in the re frac tive in dex of the sur round ing me dium, 
or changes in flow rate do not af fect the in ter fer ence pat -
tern. This is a unique char ac ter is tic of BLI and ex tends its
ca pa bil ity to per form in crude sam ples used in ap pli ca tions
for pro tein:pro tein binding, quantitation, affinity, and
kinetics.

The ap pli ca tions in clude but are not lim ited to pro -
tein:pro tein, pro tein:nu cleic ac ids, pro tein:small mol e cules 
in ter ac tions and the anal y sis of large mol e cules such as vi -
rus-like par ti cles. With un par al leled ease of use, the Oc tet
and Pi o neer fam ily of in stru ments moves your workflow
be yond the lim i ta tions of ex ist ing la bel-free meth ods. You
get com pre hen sive char ac ter iza tion across a broad range of 
ap pli ca tions that are crit i cal for efficient development and
production.
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