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The fam ily of S1-P1 nu cleases con tains zinc-de pend ent
3’-nu cleases/nucleotidases cleav ing phosphodiester bond
of nu cleic ac ids. Gene cod ing an S1-P1 type nuclease can
be found in many spe cies. In plants and fungi (i.e. TBN1
nuclease from Solanum lycopersicum, S1 nuclease from
Aspergillus oryzae), these nu cleases were al ready func -
tion ally and struc tur ally well char ac ter ized [1, 2], but the
po ten tial role of their homologs from bac te ria or pro to zoan
par a sites is not fully un der stood and their crys tal struc ture
is yet to be de ter mined. As they oc cur in some op por tu nis -
tic hu man patho gens (i.e. Legionella pneumophila, Leish -
mania ma jor), they be came an in ter est ing tar get for
bio med i cal and bio tech nol ogy stud ies [3].

Here we pres ent crys tal struc tures of re com bi nant class
I nuclease from Stenotrophomonas maltophilia (SmNuc1), 
struc ture of the na tive en zyme at 1.4 C res o lu tion and two
crys tal struc tures with 5’-mononucleotides pres ent in the
ac tive site. Stenotrophomonas maltophilia is Gram-neg a -
tive aer o bic bac te rium from Gammaproteobacteria. It is a
hu man op por tu nis tic patho gen which causes sev eral
nosocomial dis eases and has high multidrug re sis tance.
SmNuc1 nuclease is a  28 kDa pro tein, com posed mostly of 

a-he li ces with two disulfide bridges. The active site com -
po si tion and pro tein fold are sim i lar to its eukaryotic
homologs, but there are some dif fer ences in the sur face
prop er ties and sub strate bind ing site.

Based on these new struc tures, we are able to sug gest
mu ta tions of some spe cific sites. These mu ta tions could
help us fully un der stand the sub strate-bind ing mech a nism,
which could lead to spe cific in hib i tors for S1-P1 type nu -
cleases from bac te rial patho gens. 

This work was sup ported by the pro ject CIISB4HEALTH
(CZ.02.1.01/0.0/0.0/16_013/0001776) and by the pro ject
Struc tural dy nam ics of biomolecular sys tems (CZ.02.1.01/
0.0/0.0/15_003/0000447) from the ERDF, by MEYS CR
(LM2015043 CIISB) and also from spe cific uni ver sity re -
search (MSMT No 21-SVV/2020) .
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Car diac glycosides, well es tab lished ther a peu tics for treat -
ment of car diac dis eases, have been now a days sub jected to
drug re po si tion ing due to their anticancer po ten tial. Their
main mode of ac tion is in hi bi tion of Na+/K+-ATPase
(NKA) which leads to cell apoptosis, a ma jor cause of their
cytotoxic prop er ties. How ever, NKA is pres ent in both
can cer and healthy cells, there fore, its in hi bi tion can lead to 
se vere side ef fects. One of such po ten tial in hib i tors is a car -

diac glycoside hyrcanoside (Hyr). Hyr con tains a car bonyl
group C-19, which is prob a bly cru cial for NKA bind ing.
Thus a chem i cal mod i fi ca tion of this group by com pounds
con tain ing an oxime bond could lead to sup pres sion of Hyr
abil ity to bind NKA due to steric hin drance. An oxime
bond is un sta ble at lower pH val ues, there fore, it is used for
con ju ga tions of com pounds, for which re lease at such pH is 
de sired. Based on this, the aim of this work was to de sign
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pH-sen si tive Hyr de riv a tives with an oxime bond and to
per form in silico sim u la tions of their com plexes with
NKA. Us ing mo lec u lar dock ing, our re sults in di cate that
mod i fi ca tion of C-19 car bonyl leads to loss of Hyr abil ity
to bind to NKA. In the next part of this study, our knowl -
edge of Hyr-NKA com plexes will be ex tended by per form -
ing sim u la tions in real-time us ing mo lec u lar dy nam ics. We

be lieve that a mod i fi ca tion of Hyr C-19 car bonyl con tain -
ing an oxime bond will en hance abil ity of Hyr to se lec -
tively kill can cer cells and that the Hyr con ju gates could
have a po ten tial to be used in a can cer ther apy.

P3

THE FIRST HYDRATION LEVEL AROUND BIOMOLECULES IS SITE-SPECIFIC

Lada Biedermannová* & 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,
Prumyslova 595, Vestec, 252 50, Czech Re pub lic

Pro teins and nu cleic ac ids evolved in the aque ous en vi ron -
ment, and wa ter is there fore deeply in ter re lated with both
biomolecular struc ture and func tion. The first layer of wa -
ter mol e cules around the biomolecular sur face - the
hydration shell - has prop er ties dif fer ent from the bulk wa -
ter [1]. The dy nam ics of these wa ter mol e cules is sig nif i -
cantly re duced, and the shell mostly con sists of or dered
(lo cal ized) wa ter mol e cules. How ever, the first shell wa ter
mol e cules do not have an ice-like struc tural prop er ties.
These or dered wa ter mol e cules play sig nif i cant role in rec -
og ni tion and bind ing of lig ands.

In our work, we uti lize crys tal lo graphic data to com pile
the av er age hydration pat terns around biomolecules.
Firstly, we in ves ti gated hydration of DNA build ing blocks
[2, 3], and later hydration of amino ac ids in pro teins as a
func tion of their rotameric state and the sec ond ary struc -
ture [4, 5]. Re cently, we an a lyzed hydration of DNA
dinucleotides as a func tion of their con for ma tion and se -
quence [6]. Here, we pres ent the over view of these re sults

as well as the meth od ol ogy we used to ob tain the data and
the po ten tial ap pli ca tion of the re sults.

1. Biedermannová L. & Schnei der B.: Hydration of pro teins
and nu cleic ac ids: Ad vances in ex per i ment and the ory. A
re view. Biochimica et Biophysica Acta - Gen eral Sub jects
1860: 1821-1835 (2016).

2. Schnei der B. & Berman H.M.: Hydration of the DNA
Bases Is Lo cal. Bio phys i cal J. 69: 2661-2669 (1995).

3. Schnei der B., Patel K. & Berman H.M.: Hydration of the
Phos phate Group in Dou ble-He li cal DNA. Bio phys i cal J.
75: 2422-2434 (1998).

4. Biedermannová L. & Schnei der B.: Struc ture of the or -
dered hydration of amino ac ids in pro teins: anal y sis of
crys tal struc tures. Acta Cryst. D71: 2192-2202 (2015).

5. Èerný J., Schnei der B. & Biedermannová L.: WatAA: At -
las of Pro tein Hydration. Ex plor ing syn er gies be tween data 
min ing and ab in itio cal cu la tions. Phys. Chem. Chem.
Phys. 19, 17094 (2017).

6. Biedermannová L. et al., to be pub lished (2020).
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EXAMINATION OF INTERACTION BETWEEN REGULATORY DOMAIN 
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Ty ro sine hy drox y lase (TH) is the rate-lim it ing en zyme in
catecholamine biosynthesis be long ing to ar o matic amino
acid hydroxylases (AAAHs) fam ily [1]. En zy matic re ac -
tion re sults in hydroxylation of L-ty ro sine into L-DOPA, a
pre cur sor of cru cial neurotransmitters in hu man body: do -
pa mine, norepinephrine and epi neph rine which de fi cien -
cies lead to neu ro log i cal dis or ders like Alz hei mer dis ease,
dystonia and Segawa syn drome [2].

TH has a multi-do main struc ture with un struc tured
amino-ter mi nal reg u la tory do main (RD) fol lowed by cat a -
lytic do main and coiled-coil do main re spon si ble for
oligomerization at the car boxyl ter mi nus. En zyme ac ti va -

tion is mostly held by phosphorylation of both Ser-19 and
Ser-40 res i dues [3]. These two mod i fi ca tions en able to
form a com plex with 14-3-3 pro tein with high af fin ity and
pro vides TH sta bi li za tion and proteolytic pro tec tion of the
reg u la tory do main N-ter mi nus [3]. Al though TH was first
re ported en zyme in ter act ing with 14-3-3 pro tein, the ex act
mode of its reg u la tion still needs fur ther in ves ti ga tion to
pro vide the mo lec u lar tar gets in drug de vel op ment [4].

1. Kaufman, S. (1985). Reg u la tory prop er ties of
phenylalanine, ty ro sine and tryptophan hydroxylases. Bio -
chem i cal So ci ety Trans ac tions, 13(2), 433–436.
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2. Willemsen, M. A., Verbeek, M. M., Kamsteeg, E.-J., de
Rijk-van Andel, J. F., Aeby, A., Blau, N., Wevers, R. A.
(2010). Ty ro sine hy drox y lase de fi ciency: a treat able dis or -
der of brain catecholamine biosynthesis. Brain, 133(6),
1810–1822. 

3 Daubner, S. C., Le, T., & Wang, S. (2011). Ty ro sine hy -
drox y lase and reg u la tion of do pa mine syn the sis. Ar chives
of Bio chem is try and Bio phys ics, 508(1), 1–12.

4. Ichimura, T., Isobe, T., Okuyama, T., Yamauchi, T., &
Fujisawa, H. (1987). Brain 14-3-3 pro tein is an ac ti va tor
pro tein that ac ti vates tryptophan 5-monooxygenase and ty -
ro sine 3-monooxygenase in the pres ence of
Ca2+,calmodulin-de pend ent pro tein kinase II. FEBS Let ters, 
219(1), 79–82.
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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 ru mi nant and an
emerg ing hu man dis ease. Cystatin superfamily of cysteine
pro te ase in hib i tors is com posed of intracellular type 1
cystatins (stefins), se creted type 2 cystatins (cystatins), and
multi domain type 2 cystatins. Helminth par a sites se crete
type 2 cystatins to mod u late host im mune re sponses for
suc cess ful par a sit ism, ex cept for F. he pat ica that lacks type 
2 cystatin genes.

This work is fo cused on F. he pat ica type 1 cystatin
FhCY2. FhCY2 was lo cal ized to gastroderm and teg u ment
- tis sues re spon si ble for pro tein se cre tion, and was sur pris -
ingly de tected in the ex cre tory/se cre tory prod ucts. We
dem on strated that re com bi nant FhCY2 is a broad-se lec tive
in hib i tor of host cysteine cathepsins as well as cysteine

cathepsins of F. he pat ica, sug gest ing its dual role in the
reg u la tion of ex og e nous and en dog e nous proteolytic sys -
tems. Fur ther more, we solved the crys tal struc ture of
FhCY2 at 1.6 C. The struc tural and phylo gen etic anal y ses
re vealed that FhCY2 has the se quence and fold of type 1
cystatins but also the sig nal pep tide and di sul fides typ i cal
for type 2 cystatins, com bin ing all hall marks in an un prec e -
dented way. 

We pro pose that FhCY2 is an evo lu tion ary up grade of
type 1 cystatins for se cre tion that oc curred in F. he pat ica in 
the ab sence of type 2 cystatins. Fur ther more, we found that
ab sence of type 2 cystatins is ar che typal for the or der of
Plagiorchiida and that those spe cies are en dowed with type
1 cystatins with var i ous grade of upgrade.
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BIOPHYSICAL RESEARCH FACILITIES AT CENTRE OF MOLECULAR STRUCTURE
OF BIOCEV 

Tatsiana Charnavets, Bohdan Schnei der, Jan Dohnálek

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

The bio phys i cal re search fa cil ity as a part of the Cen tre of

mo lec u lar struc ture of In sti tute of Bio tech nol ogy - mem -
ber of In struct-ERIC and Czech In fra struc ture for In te gra -
tive Struc tural Bi ol ogy, pro vides shared re sources of
in stru ments and tech nol o gies for the de ter mi na tion of size,
struc ture and sta bil ity of biomolecules, study of
conformational changes and ther mo dy nam ics of tem per a -
ture tran si tions and char ac ter iza tion of biomolecular in ter -
ac tions.

Fol low ing in stru ments and tech nol o gies are cur rently
avail able: cir cu lar dichroism spec tros copy (Chirascan Plus
CD spec trom e ter), spectrophotometry (Specord 50 Plus

UV/Vis spectrophotometer), Fou rier-trans form in fra red
spec trom e try (Ver tex 70v spec trom e ter), flu o res cence
spec tro m e try (photoluminescence spec trom e ter FLS1000), 
dif fer en tial scan ning flu o res cence (Pro me theus NT.48),
multiangle dy namic light scat ter ing (Zetasizer Ul tra) and
dif fer en tial scan ning cal o rim e try (Microcal VP-DSC), iso -
ther mal ti tra tion cal o rim e try (Microcal iTC200), micro -
scale thermophoresis (Mono lith NT.115 and NT.La bel
Free) and sur face plasmon res o nance (ProteOn XPR36).

This work was sup ported by the ERDF (BIOCEV:
CZ.1.05/1.1.00/02.0109), MEYS CR (CIISB: LM2018127,
CIISB4HEALTH).
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Gustavo Fuertes

In sti tute of Bio tech nol ogy of the Czech Acad emy of Sci ences, BIOCEV, 
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EL222 is a blue-light sen si tive DNA bind ing pro tein from
the bac te ria Erythrobacter litoralis. The dark-state crys tal
struc ture of the pro tein re veals a flavin bind ing light-ox y -
gen-volt age (LOV) do main and a DNA bind ing he lix-
 turn-he lix (HTH) do main tightly packed against each other
and thereby block ing the rec og ni tion of DNA. Upon blue
light ex ci ta tion by the flavin moi ety, EL222 un der goes 
conformational changes that ul ti mately lead to pro tein
dimerization and as so ci a tion with DNA [1]. How ever, our
knowl edge of the light-adapted state and the mo lec u lar
mech a nism by which it is formed re mains in com plete. Our
goal is to elu ci date the struc ture of light-state EL222 and
the conformational changes that oc cur when EL222 is
photoactivated.

Fou rier trans form in fra red (FTIR) spec tros copy is a
well known method to char ac ter ize pro tein struc ture and
dy nam ics. How ever, the spec tral con ges tion makes it chal -
leng ing to as sign the ob served bands to par tic u lar bonds.
This prob lem can be solved by the in tro duc tion of  IR-sen -
si tive probe groups in tar get res i dues [2]. Here we make
use of the cyano group as a site-spe cific in fra red re porter to 
track the conformational dy nam ics of photoactivated
EL222. EL222 vari ants con tain ing the non-ca non i cal

amino acid p-cyanophenylalanine (CNF) in dif fer ent lo ca -
tions across the pro tein were pre pared by am ber sup pres -
sion tech nol ogy. Screen ing of a large set of la belled
po si tions was done by re cord ing the steady-state dif fer ence 
FTIR spec tra be tween light and dark states spec tra. Some
mu tants showed a clear shift in the po si tion of the CN
stretch ing vi bra tion, sug gest ing a change in the lo cal en vi -
ron ment around the probe upon il lu mi na tion. Se lected mu -
tants will then be fur ther in ves ti gated by time re solved IR
spec tros copy to de tect the site-spe cific prop a ga tion of
conformational changes in EL222 from a few femto -
seconds (pho ton ab sorp tion) to sev eral sec onds (in ter ac -
tion with DNA).

1. Nash AI, McNulty R, Shillito ME, Swartz TE, Bogomolni
RA, Luecke H, et al. Struc tural ba sis of photosensitivity in
a bac te rial light-ox y gen-volt age/he lix-turn-he lix
(LOV-HTH) DNA-bind ing pro tein. Pro ceed ings of the Na -
tional Acad emy of Sci ences. 2011;108(23):9449-54.

2. Ramos S, Thielges MC. Site-Spe cific 1D and 2D IR Spec -
tros copy to Char ac ter ize the Con for ma tions and Dy nam ics
of Pro tein Mo lec u lar Rec og ni tion. The Jour nal of Phys i cal
Chem is try B. 2019;123(17):3551-66.
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CATHEPSIN D PROTEASE OF PARASITIC BLOOD FLUKE SCHISTOSOMA MANSONI
AS A TARGET FOR INHIBITORY DRUGS

N. Chmúrèiaková, R. Houštecká, M. Horn, M. Mareš 

In sti tute of or ganic chem is try and bio chem is try CAS CR, Flemingovo námìstí 542, 160 00 Prague
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Schis to so mi a sis, a par a sitic dis ease caused by blood flukes
of the ge nus Schistosoma, is a global health prob lem with
over 240 mil lion peo ple in fected. Treat ment re lies on just
one drug, and new ther a pies are needed. Adult schisto -
somes live in the car dio vas cu lar sys tem, and host blood
pro teins are a pri mary source of nu tri ents. In the schisto -
some gut, a net work of pro teas es per forms the di ges tion of
host pro teins and rep re sents a po ten tial in ter ven tion tar get.
Schistosoma mansoni cathepsin D (SmCD) is a pep -
sin-fam ily as par tic pro te ase that ini ti ates host he mo glo bin
di ges tion in schisto somes. 

Re com bi nant SmCD was pro duced in the Leishmania
tarantolae pro to zoan ex pres sion sys tem. Screen ing of a li -
brary of more than 30 macrocyclic statin-based pepti domi -
metics against SmCD se lected po tent in hib i tors with low
nanomolar ac tiv ity. These in hib i tors dis played anti- schis -
to somal prop er ties and thus rep re sent a new lead scaf fold
for de vel op ing po ten tial drugs for schis to so mi a sis treat -
ment. Fur ther more, we solved the crys tal struc ture of the
SmCD zymogen, and cur rently we are work ing on the
struc tural anal y sis of SmCD com plexes with macrocyclic
in hib i tors.
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Spore for ma tion is an ul ti mate re sponse of Ba cil lus subtilis
to hos tile con di tions. The pro cess starts with an asym met -
ric cell di vi sion, at the on set of which dy namic sporulation
pro tein SpoIIE has a key role in ef fect ing the switch from
nor mal mid-cell di vi sion to asym met ric di vi sion [1].
Asym met ric cell di vi sion re quires the same set of di vi sion
pro teins as veg e ta tive di vi sion. Both types of di vi sion re -
quire peptidoglycan syn the sis to take place at the site of
septation. Pro teins in volved in peptidoglycan syn the sis are
how ever also needed for the lat eral cell growth, thus their
traf fick ing be tween a di vi sion site and lat eral cell wall must 
take place, de pend ing on the stage of a cell cy cle. One of
the re cently iden ti fied proteins, GpsB, op er ates in such
shut tle sys tem, trans port ing peptidoglycan syn the sis pro -
tein PBP1 from a ma ture cell pole, which is a for mer di vi -
sion site, to the lat eral cell wall. EzrA, on the other hand
serves to re turn PBP1/GpsB com plex back to the sep tum
for di vi sion [2]. Very re cently, GpsB was as signed with a
role of gen eral adap tor for peptidoglycan syn the siz ing en -
zymes PBPs, di rect ing them to large pro tein com plexes re -
spon si ble for cell wall syn the sis dur ing cell elon ga tion and
cell di vi sion, fa cil i tat ing thus these cru cial in ter ac tions [3].

We dem on strated that GpsB in ter acts di rectly with
SpoIIE and co-lo cal izes with SpoIIE in the asym met ric
sep tum, in di cat ing that GpsB keeps its PBP-dock ing role
also dur ing asym met ric cell di vi sion. 

We sug gest that a multi-pro tein com plex which in -
cludes sporulation spe cific SpoIIE and pro teins in volved in 
peptidoglycan syn the sis (GpsB, EzrA, PBPs, RodZ) [4]
may rep re sent a di rect link be tween asym met ric di vi sion
and peptidoglycan biosynthesis. 

1. S. Ben-Yehuda & R. Losick. Cell 109 (2) (2002), 257–266.

2. D. Claessen, R. Emmins, L.W. Hamoen, R.A Dan iel, J.
Errington, D.H. Ed wards. Molecular Microbiology 68 (4)
(2008), 1029–1046.

3. R. M. Cleverley, Z. J. Rutter, J. Rismondo, F. Co rona, H.
T. Tsui, F. A. Alatawi, R. A. Dan iel, S. Halbedel, O.
Massidda, M. E. Winkler, R. J. Lewis. Na ture Com mu ni ca -
tions 10 (1) (2019), 261. 

4. K. Muchová, Z. Chromiková, N.  Bradshaw, A.J.

Wilkinson, I. Barák.Plos One 11 (2016), 1-21.
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CEITEC - Cen tral Eu ro pean In sti tute of Tech nol ogy, Masaryk Uni ver sity, Brno, Czech Re pub lic
alzbeta.dikunova@ceitec.muni.cz

In cells, along side organelles with lipid mem brane, ex ist
organelles with out mem brane. These dy namic membra -
nelles organelles are formed by liq uid-liq uid phase sep a ra -
tion (LLPS) mech a nism; they serve as microreactors,
in creas ing a lo cal con cen tra tion of com po nents and ac cel -
er ate the re ac tion. In eukaryotic cells, the com plex re spon -
si ble for tran scrib ing of pro tein-cod ing is RNA poly mer ase 
II (RNAPII). This en zyme clus ters into drop lets at tran -
scribed genes via its C-ter mi nal, dis or dered do main. The
mo lec u lar mech a nism of RNAPII clus ter ing re mains un -
known.

Here, we pres ent a unique tech nique of co-ex pres sion
and pu ri fi ca tion of the com plex of hu man RNAPII from
Hi5 cells. Three sub units of RNAPII were fused with spe -
cific af fin ity tags, which al lows us to pu rify pro tein us ing
af fin ity chro ma tog ra phy. Be cause prep a ra tion of RNAPII
in suit able con cen tra tions from Hi5 cells seems to be prob -
lem atic, we si mul ta neously work on a pro to col to pu rify
RNAPII from HEK293 cells. 

The pu ri fied RNAPII will al low us to study the pro cess
of phase sep a ra tion of hu man RNAPII into drop lets in vi tro
by a com bi na tion of struc tural and func tional studies.
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Nu cleic acid syn the sis and deg ra da tion are on go ing met a -
bolic pro cesses in most cells. The degradative pro cesses
lead to the re lease of free pur ines and the sal vage path way
ex ists to re cover them ef fi ciently in a use ful form. 

Pu rine nucleoside phosphorylase (PNP) rep re sents one
of the key en zymes of the pu rine sal vage path way, which is 
con sid er ably more en ergy-ef fi cient than de novo path way.
Hu man PNP is overexpressed in T-cell leu ke mia, breast
and co lon can cer and dur ing au to im mune dis eases and
PNP thus has been es tab lished as pro spec tive tar get for
drug de sign. Sev eral hPNP in hib i tors re cently en tered hu -
man clin i cal tri als. 

For many par a sites and bac te ria the pu rine sal vage
path way is ma jor or the only way to ob tain pu rine nu cleo -
tides for the syn the sis of nu cleic ac ids. PNP en zymes from
Plasmodium falciparum (PfPNP) and My co bac te rium tu -
ber cu lo sis (MtPNP) are thus po ten tial tar gets for treat ment
of ma laria and tu ber cu lo sis.

We are us ing X-ray crys tal log ra phy in struc ture-based
drug de sign of novel acy clic nu cle o tide an a logues. Our
goal is to de sign in hib i tors with high af fin ity to wards
hPNP, PfPNP and MtPNP, re spec tively. 

En zymes were pre pared by heterologous ex pres sion in
E. coli and pu ri fied in high yields and pu rity nec es sary for
crys tal lo graphic stud ies. Crys tal li za tion con di tions for
hPNP, PfPNP and MtPNP were iden ti fied through wide
screen ing and op ti mi za tion. Se lected in hib i tors were suc -
cess fully co-crys tal lized with MtPNP and hPNP, dif frac -
tion data have been col lected on BL14.1 at the BESSY II
elec tron stor age ring op er ated by the Helmholtz-Zentrum
Berlin and crys tal struc tures were de ter mined at high res o -
lu tion.  The knowl edge of bind ing of these in hib i tors in the
en zyme will fur ther help with the designing of specific
PNP inhibitors.

P12

PREDICTING ION BINDING SITES IN PROTEINS
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From ox y gen de liv ery, to pro tein phosphorylation and pH
main te nance, ions are heavily in volved in a wide range of
bi o log i cal pro cesses and they have also been a tar get of
phar ma co log i cal stud ies. About one third of known pro -
teins in clude at least one metal ion and many metallo -
proteins are found in hu mans.

A num ber of ex per i men tal tech niques are be ing used to
iden tify metal ion bind ing sites in pro teins; how ever, they
are of ten te dious and time con sum ing, rais ing chal lenges in 
their wide ap pli ca tion. UniProtKB con tains over 500,000
an no tated pro tein se quences while an other 180 mil lion se -
quences are pend ing an no ta tion. Ad di tion ally, there is an
abun dance of pro tein struc tures solved for struc tural
genomics pro jects that have no func tional an no ta tion.
There is a dire need for com pu ta tional meth ods that could
pro cess the bulk of ac cu mu lat ing data and pro duce mean -
ing ful an no ta tions.

Sev eral meth ods have been de vel oped, typ i cally train -
ing ma chine–learn ing al go rithms in or der to re veal pat terns 
within pro tein–ion in ter ac tions and al low the pre dic tion of
ion bind ing sites within a given pro tein. De spite the re -
mark able prog ress in the field, and the high ac cu racy
achieved by the top-of-the-line pre dic tors, most of them
seem to suf fer from low sen si tiv ity and low MCC val ues.
Fur ther more, the en tirety of cur rent pre dic tors fo cus ses on
spe cific sub sets of metal ions and even spe cific pro tein res -
i dues as pos si ble bind ing can di dates. More over, there are
non-metal ions that are well-rep re sented in the PDB but are 
not be ing con sid ered in the ion bind ing pre dic tion scheme.
These are in di ca tions that the pre dic tive ca pac ity can be ex -
tended and im proved upon.

Here, we are plan ning to cover all well-known metal
ions, but also in clude non–met als and other pre vi ously ne -
glected ions. In ad di tion to the es tab lished pre dic tion fea -
tures that are found within the broader con text of ligand
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bind ing site pre dic tion, we want to ex plore prop er ties that
are dis tinc tive within the pro tein–ion bind ing scheme such
as electrostatics and co or di na tion ge om e try.

We are em ploy ing state-of-the-art ma chine learn ing al -
go rithms P2Rank and PrankWeb, which have emerged
through our col lab o ra tion with Da vid Hoksza’s group, and
are adopted by PDBe-KB, and we are up dat ing and op ti -
miz ing them, for the pur pose of ion bind ing site pre dic tion
in pro teins. We as sem ble a ro bust dataset of 102,700
ion-bind ing pro tein struc tures, in clud ing 42,294 unique,
non–re dun dant, ion–bind ing sites within those struc tures,
and we cre ate sep a rate ion sub sets on which ma chine-
 learn ing will be performed.

1. Bur nett, G. & Ken nedy, E. P. J. Biol. Chem. 211, 969–980
(1954).

2. Hsia, C. C. N. Engl. J. Med. 338, 239–247 (1998).

3. Bonar, P. T. & Casey, J. R. Chan nels (Aus tin) 2, 337–345
(2008).

4. Ndagi, U., Mhlongo, N. & Soliman, M. E. Drug Des Devel
Ther 11, 599–616 (2017).

5. Degtyarenko, K. Bioinformatics 16, 851–864 (2000).

6. Jernigan, R., Raghunathan, G. & Bahar, I. Cur rent Opin ion
in Struc tural Bi ol ogy 4, 256–263 (1994).

7. Jendele, L., Krivak, R., Skoda, P., Novotny, M. & Hoksza,
D. Nu cleic Ac ids Res 47, W345–W349 (2019).

8. Krivák, R. & Hoksza, D. J Cheminform 10, (2018).

9. PDBe-KB con sor tium. Nu cleic Ac ids Res. (2019).
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Lectins, car bo hy drate rec og niz ing pro teins, play an im por -
tant role in var i ous phys i o log i cal and pathophysiological
pro cesses as well as both mutualistic and par a sitic in ter ac -
tions be tween mi cro or gan ism and hosts [1]. In con nec tion
with the last-men tioned pro cess, lectins from patho genic
bac te ria can me di ate the first step of in fec tion and our goal
is to in ves ti gate their spec i fic ity and sug gest po ten tial in -
hib i tors.

Our re search is fo cused on study ing lectins from bac te -
rium Photorhabdus, which is known for its com pli cated
life cy cle, in clud ing mutualism with mi cro scopic nem a tode 
and patho ge nic ity to wards in sects [2]. More over, some
spe cies of Photorhabdus are also able to in fect hu mans. In
this bac te rial ge nus, two lectins with a seven-bladed
beta-pro pel ler fold and a high level of homology were de -
scribed pre vi ously [3, 4]. This con tri bu tion is fo cused on
the PLL3 lectin, a novel mem ber of the seven-bladed
beta-pro pel ler lectin fam ily. PLL3 ex hib ited the high est af -
fin ity to ward L-fucose and its de riv a tives but was also able
to in ter act with O-meth yl ated glycans and other lig ands.
Un like the other mem bers of this fam ily, PLL3 was dis cov -

ered to be a mono mer, which might cor re spond to a weaker
avid ity ef fect com pared to ho mol o gous lectins.

1.  Lis, H. and Sharon, N. Chem Rev. 1998, 98, 637-74.

2. Waterfield NR, Ciche T, Clarke D. Annu Rev Microbiol.
2009,63: 557–574. 

3. Kumar, A., Sýkorová, P., Demo G., Dobeš, P., Hyršl, P.,
Wimmerová, M., JBC, 2016, 291(48), 25032 - 25049.

4. Janèaøíková G, Houser J, Dobeš P, Demo G, Hyršl P,
Wimmerová M. PLoS Pathog. 2017;13: e1006564.

This work was sup ported by the Czech Sci ence Foun da tion
(pro ject 18-18964S) and by the MEYS of the Czech Re pub -
lic un der the pro ject CEITEC 2020 (LQ1601). CIISB re -
search in fra struc ture pro ject LM2018127 funded by MEYS 
CR is also grate fully ac knowl edged for the fi nan cial sup -
port of the mea sure ments at the CF Biomolecular In ter ac -
tions and Crys tal li za tion, CF Nanobiotechnology, CF
Proteomics at CEITEC (Brno, Czech Re pub lic). We wish to 
thank the Helmholtz-Zentrum Berlin (Berlin-Adlershof,
Ger many) for syn chro tron ra di a tion beam time.
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SPECTROSCOPY

Norbert Gašparik*, Aneta Kozeleková, Petr Louša, Jozef Hritz* 
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19F NMR has been a very use ful com ple men tary ap proach
to tra di tional tech niques - dou ble la bel ling by 13C and 15N,
es pe cially due to the ex cel lent mag netic NMR prop er ties of 
the 19F iso tope. 1) It has a spin ½ and strong dipolar cou pling 
(use ful in nu clear Overhauser ef fect spec tros copy), 2)
High sen si tiv ity (83% rel a tive to 1H) and broad chem i cal
shift range (up to 400 ppm), 3) 19F is 100% abun dant in na -
ture and vir tu ally non-pres ent in bi o log i cally rel e vant sam -
ples [1-3]. Se lec tive 19F iso to pic la bel ling is there fore an
out stand ing tech nique for mon i tor ing re gion-spe cific
changes in pro tein struc ture thanks to min i mal back ground
sig nal [4,5].

Here, we pres ent our prog ress in the prep a ra tion of pro -
tein sam ples for 19F NMR mea sure ments, la belled with 19F
mod i fied ar o matic amino ac ids (AAs): 5-19F-Trp,
4-19F-Phe, and 3-19F-Tyr. Even though we used iden ti cal
pro to cols, dif fer ent AAs had dif fer ent in cor po ra tion ef fi -
ciency rates. 19F tryptophan was readily in cor po rated with
100% ef fi ciency. How ever, the ex tent of in cor po ra tion of
19F phenylalanine and ty ro sine ranged only be tween
30-50%, pre sum ably due to the sim i lar biosynthetic path -
ways or non-op ti mal cul ture con di tions. On the other hand,
the amount and pu rity of sam ples was suf fi cient for pi lot ti -

tra tion ex per i ments, as dem on strated by well-re solved 1D
19F NMR spec tra. 

The op ti mized ap proaches will be used to study 14-3-3
PPIs and the in vi tro for ma tion of tau pro tein fi brils, a part
of Alz hei mer’s dis ease pa thol ogy.

1. C. Frieden, S. D. Hoeltzli, J. G. Bann. Meth ods Enzymol.
380, 2004, pp. 400-415.

2. J. C. Jack son, J. T. Hammill, R. A. Mehl, J. Am. Chem.
Soc. 129, 2007, pp. 1160-1166.

3. E. N. G. Marsh, Y. Suzuki, ACS Chem. Biol. 9, 2014, pp.
1242-1250.

4. J. G. Bann, J. Pinkner, S. J. Hultgren, C. Frieden. PNAS
99(2), 2002, pp. 709-714.

5. C. Li, E. A. Lutz, K. M. Slade, R. A. S. Ruf, G-F. Wang,
G. J. Pielak. Bio chem is try 48, 2009, pp. 8578-8584.

This work was sup ported by the Min is try of Ed u ca tion,
Youth and Sports of the Czech Re pub lic within programme
INTER-ACTION (pro ject no. LTAUSA18168). CIISB re -
search in fra struc ture pro ject LM2018127 funded by MEYS 
CR is grate fully ac knowl edged for the fi nan cial sup port of
the mea sure ments at the CF Josef Dadok National NMR
Centre.
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HERMES is a web ap pli ca tion for pre dic tion of fiRDC and
anal y sis of mag netic field in duced RDC. fiRDC pre dic tion
is based on in put 3D model struc ture(s) of nu cleic acid
(NA) frag ment(s) [1] and built-in li brary of nu cleic acid
base spe cific mag netic sus cep ti bil ity ten sors and ref er ence
ge om e tries [2]. When 3D model of NA is pro vided along -
side ex per i men tal fiRDC, the pro gram al lows val i da tion of
the struc ture against cal cu lated fiRDC data. When mul ti ple 
mod els are pro vided, it al lows iden ti fi ca tion of NA
model(s) con sis tent with ex per i men tal fiRDC and/or quick
as sess ment of nu cleic acid frag ment oligomeric state [3].
Ad di tion ally, the pro gram built-in rou tine for rigid body

mod el ing al lows as sess ment of rel a tive ori en ta tion of two
do mains in the nu cleic acid struc ture. The pro gram is writ -
ten in MATLAB lan guage and is ex e cuted on an Apache
server in ter faced with HTML, JavaScript and PHP. The
web ap pli ca tion and the source code in MATLAB are
publically ac ces si ble at her mes.ceitec.muni.cz.

1. van Buuren BN, Schleucher J, Wittmann V, Griesinger C,
Schwalbe H, Wijmenga SS (2004) NMR spec tro scopic de -
ter mi na tion of the so lu tion struc ture of a branched nu cleic
acid from re sid ual dipolar cou plings by us ing iso to pi cally
la beled nu cleo tides. Angew Chem Int Ed Engl,
43(2):187-92.

Ó Krystalografická spoleènost

Ma te ri als Struc ture, vol. 27,  no. 1  (2020)       39



2. Vavøinská A, Zelinka J, Šebera J, Sychrovský V, Fiala R,
Boelens R, Sklenáø V, and Trantírek L (2016) Im pact of
nu cleic acid self-align ment in a strong mag netic field on
the in ter pre ta tion of in di rect spin–spin in ter ac tions. 
J Biomol NMR, 64: 53–62.

3. Al-Hashimi H, Tolman J, Majumdar A, Gorin A, Patel D
(2001) De ter min ing Stoichiometry in Homomultimeric Nu -
cleic Acid Com plexes Us ing Mag netic Field In duced Re -
sid ual Dipolar Cou plings. J Am Chem Soc, 123,
5806-5807.
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The most abun dant pro teins in haemolymph of larva and
pupa of holometabolous in sects are hexamerins. Hexame -
rins func tion as a source of amino ac ids for de vel op ment
dur ing non-feed ing stages of life cy cle. Fur ther more, there
has been an ev i dence that hexamerins act as ju ve nile hor -
mone bind ing pro teins. How ever, the de tails of this in ter ac -
tion re main un known. Here we pres ent the crys tal struc ture
of na tive hexamerin 70b, iso lated from hon ey bee (Apis

mellifera) pu pae, de ter mined to 2.0C res o lu tion. Hexa -
merin is a homohexameric com plex with D3 sym me try and 
each sub unit pos sesses an en closed hy dro pho bic cav ity oc -
cu pied by a mol e cule of ju ve nile hor mone. Upon pro te ol y -
sis of hexamerin the hor mone is re leased into haemolymph
and af fects the de vel op ment of pupa. We pro pose that this
novel mech a nism of hexamerin-based reg u la tion might be
con served among holometabolous in sects.
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Tick-borne en ceph a li tis vi rus (TBEV) is a ma jor hu man
patho gen, trans mit ted by ticks from Ixodidae fam ily [1, 2].
TBEV is an en vel oped vi rus with a ~ 11 kb pos i tive-sense
sin gle-stranded RNA ge nome that en codes a sin gle 375
kDa polyprotein. Dur ing the in fec tion in the host cells, the
polyprotein is cleaved by cel lu lar and vi ral en zymes into
three struc tural (capsid (C), pre-mem brane (prM) and en -
ve lope (E)) and seven non-struc tural (NS1, NS2A, NS2B,
NS3, NS4A, NS4B and NS5) pro teins [3]. While struc tural
pro teins are in volved in the ar chi tec ture of new virions [4],
non-struc tural pro teins are re spon si ble for the vi ral rep li ca -
tion ma chin ery, form ing rep li ca tion com plex [5]. De spite
many func tional stud ies of var i ous TBEV NS pro teins,
there is ac tu ally no crys tal struc ture of any TBEV NS pro -
teins de pos ited in the Pro tein Data Bank. 

Non-struc tural pro tein NS5 is a large bi-func tional pro -
tein com pris ing of two do mains connected by highly flex i -
ble 10aa linker. N-ter mi nal methyltransferase (MTase)
do main is in volved in the cap ping pro cess. C-ter mi nal part
of the pro tein dis plays RNA-de pend ent RNA poly mer ase
(RdRp) ac tiv ity, cru cial for vi rus rep li ca tion [6].  

This pro ject fo cuses on 3D struc ture de ter mi na tion of
TBEV RdRp do main. Two con structs of TBEV RdRp do -
main with mod i fi ca tion of the flex i ble linker were de -
signed. Both con structs were cloned into pET28-SUMO
ex pres sion vec tor and the heterologous pro duc tion of re -
com bi nant en zymes was op ti mized us ing E. coli BL21-
 CodonPlus com pe tent cells (Agilent). SUMO-RdRp fu sion 
pro teins were pu ri fied us ing IMAC. SUMO fu sion part ner
was cleaved off and the re com bi nant pro tein was fur ther
pu ri fied via re versed IMAC. Cir cu lar dichroism anal y sis
was used to ver ify the cor rect fold of the pro tein and pu ri -
fied RdRp was then used for ini tial crys tal li za tion screen -
ing ap ply ing var i ous com mer cially avail able crys tal
- lization screens (Mo lec u lar Di men sions, Hampton Re -
search).

1. Bogovic, P. & Strle, F. (2015). Word J. Clin. Cases. 3, 430.

2. Taba, P., Schmutzhard, E., Forsberg, P., Lutsar, I., Ljostad, 
U., Mygland, A., Levchenko, I., Strle, F. & Steiner,
I.(2017). Eur. J. Neurol. 24, 1214-1261.
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Wilkins, PA, USA.
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M. & Plevka, P. (2018). Nat. Commun. 9, 436.

5. Mac ken zie, J. (2005). Traf fic. 6, 967-977.
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Alz hei mer’s dis ease (AD) is char ac ter ized by de men tia,
which usu ally be gins with sub tle changes and mem ory loss
and slowly in creases in se ver ity un til it af fects the pa tient’s
daily life and even tu ally ends in death of the pa tient. AD is

patho log i cally de fined by de pos its of ag gre gated b-am y -

loid (Ab) and hyperphosphorylated tau pro tein. In patho -
log i cal con di tions, tau poly mer izes to neurofibrillary
tan gles com posed of tau fil a ments, which over lap with re -
gions of neuronal loss in AD and re lated tauopathies.
Monoclonal an ti bod ies are in many in stances sole tools
able to re veal sub tle con for ma tion changes on tau lead ing
to neurodegeneration. A method per mit ting re pro duc ible
prep a ra tion of monoclonal an ti bod ies is highly needed for
struc tural, bio phys i cal and func tional stud ies on tau, with
the con se quences for the de vel op ment of di ag nos tics and
ther apy of AD.

We con structed a eukaryotic ex pres sion vec tor
pCMV_3’UTR de rived from the pCMV-Script back bone.
The new vec tor con tains CMV pro moter, sig nal pep tide

driv ing ex pres sion to cul ture me dia, mul ti ple endonuclease 
cleav age sites for flex i ble clon ing and 3´ un trans lated re -
gion of EF1 al pha gene, which starts im me di ately af ter the
se quence of an ti body chain (Fig.1). The pres ence of
3’UTR do main en hances the level of ex pres sion in CHO
cell line.

We have ana lysed the pro duc tion of re com bi nant form
of Fab monoclonal an ti bod ies DC25, MN423, DC11 and
DC39N1 cloned in the pCMV_3’UTR vec tor. The an ti -
bod ies were pu ri fied by af fin ity chro ma tog ra phy on Pro -
tein G. We com pared three dif fer ent pro to cols for CHO
cell cul ti va tion af ter transfection. In the fi nal op ti mized
con di tions, we were able to pre pare more than 10 mg of pu -
ri fied an ti body from 40 ml cul ture in three weeks. Pre pared
Fabs were suc cess fully used for crys tal li za tion of tau
protein complexes and biophysical studies.

Fig ure on next page
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KIX do main is part of transcriptional coactivator CREB
bind ing pro tein (CBP) which is an im por tant part of the
gene reg u la tion. KIX do main is a struc tured glob u lar pro -
tein that con sists of three al pha-he li ces and pro vides two
allosteric bind ing sites named af ter its char ac ter is tic bind -
ing part ners – the MLL site and the c-Myb site [1-2]. KIX
do main bind ing part ners are of ten un struc tured and be -
come folded only af ter in ter act ing with the KIX do main.
De spite its rel a tively small size (10 kDa), KIX do main
serves as a great model pro tein for un der stand ing mo lec u -
lar allostery, cou pled fold ing and bind ing mech a nisms of
transactivation do mains of in trin si cally dis or dered pro teins 
[3]. Re cently es tab lished Nine amino acid Transactivation
Do main (9aaTAD) mo tif uni fies a prev a lent num ber of

transactivation do mains of tran scrip tion fac tors [4]. This
9aaTAD pat tern can be pre dicted us ing the pre dic tion tool
and can be fur ther ex plored us ing the KIX do main and mu -
tants of its typ i cal bind ing part ners.

This phe nom e non was in ves ti gated by NMR spec tros -
copy 2D HN-HSQC ex per i ment us ing 15N iso to pi cally la -
belled KIX do main ti trated with MLL WT and its mu tants
to ob serve struc tural changes and dy nam ics.

This work was sup ported by Min is try of Ed u ca tion, Youth
and Sports within programme INTER - ACTION (pro ject
No. LTAUSA18168). This re search was fi nan cially sup -
ported by Min is try of Ed u ca tion, Youths and Sports of the
Czech Re pub lic within CEITEC 2020 (LQ1601) pro ject.
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Fig ure 1. Over view of new vec tor. A - Map of
pCMV_3’UTR vec tor with high lighted se quence fea -
tures (P- pro moter). AgeI and XhoI were cho sen as clon -
ing sites for monoclonal an ti bod ies used in this study. B
– De tailed view of pCMV_3’UTR vec tor with high -
lighted endonuclease sites, hu man IGKV3-11 sig nal
pep tide and elon gat ing fac tor 1 alpha 3´UTR.
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Apoptosis sig nal-reg u lat ing kinase 1 (ASK1), a mem ber of
mitogen-ac ti vated pro tein kinase kinase kinase
(MAPKKK) fam ily, is a serine/threonine kinase, which is a 
fun da men tal com po nent of the MAP kinase sig nal trans -
duction path way [1]. Its dysregulation is as so ci ated with
the pathogenesis of neurodegenerative, tu mor, car dio vas -
cu lar and other dis eases [2, 3, 4]. The bal ance be tween up-
and down-reg u la tion is main tained through oligome -
rization and pro tein-pro tein in ter ac tions, how ever the mo -
lec u lar mech a nism is largely un clear [5]. The main aim of
this study is to de scribe the oligomeric be hav ior of three
dif fer ent N-ter mi nal con structs of ASK1 and its in ter ac tion 
with thioredoxin (TRX). We per formed SV-AUC, SAXS,
XL-MS, rigid-body mod el ling and pro tein-pro tein dock ing 
for ei ther ASK1 vari ants alone or in com plex with TRX.
Al to gether, ex per i ments per formed up to now have shown,
that all N-ter mi nal con structs of ASK1 are at least par tially
ca pa ble of form ing a dimer in so lu tion. The con cen tra -

tion-de pend ent dimerization is driven by the kinase do -
main, how ever ac cord ing to SV-AUC and XL-MS it
ap pears that the cen tral reg u la tory re gion might be also in -
volved. The role of TRX in the pro cess of ASK1
dimerization is still un clear, nei ther AUC nor SAXS anal y -
sis of ASK1:TRX com plexes were able to pro vide sat is fy -
ing re sults, there fore fur ther ex per i ments have been
planned to de ter mine its role. 

1. Ichijo, H. et al., Sci ence 275, 90-94 (1997).

2. Okazaki, T., Adv. Biol. Regul. 66, 37-45 (2017).

3. Liu, T. et al., Adv. Biol. Regul. 66, 54-62 (2017).

4. Guo, X. et al., Adv. Biol. Regul. 66, 63-71 (2017).

5. Rusnak, L. & Fu, H., Adv. Biol. Regul. 66, 23-30 (2017).

This work was sup ported by the Czech Sci ence Foun da tion
(Pro ject 19-00121S).
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Alz hei mer’s dis ease (AD) is the most com mon cause of de -
men tia and thus a dis ease that rad i cally re duces the qual ity
of life not only for pa tient but also for the pa tient’s fam ily.
An im por tant role in the de vel op ment and pro gres sion of
this dis ease is played by the ac cu mu la tion of two pro teins,

namely the tau pro tein and b-am y loid, caused by changes
in their struc tures. 

The struc tural in sights into the patho log i cal and phys i o -
log i cal tau pro tein con for ma tions may help to an swer the
key ques tions of the pathogenesis of AD and other
tauopathies. All isoforms of tau pro tein con sist of four

main do mains and dif fer ac cord ing to num ber of
N-ter mi nal in serts (0N, 1N, 2N) and microtubule bind ing
re peat re gions - MTBRs (3R, 4R). An im por tant reg u la tory
role is played by the C-ter mi nal do main that has shown to
have an in hib i tory ef fect on tau patho log i cal ag gre ga tion
[1]. 

We have been study ing the ki net ics of the in ter ac tion
be tween the an ti body DC39C, which epitope lies in side the 
last 12 C-ter mi nal amino ac ids of tau, and var i ous tau pro -
teins by sur face plasmon res o nance. Ac cord ing to re cent
in sights into the struc ture of tau pro tein ob tained by
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cross-link ing mass spec trom e try guided dis crete mo lec u lar 
dy nam ics, where tau mol e cule was mod elled as a rather
glob u lar and com pact [2], the epitope of DC39C an ti body
should be hid den in be tween the beta strands of the first
N-ter mi nal in sert and the N-ter mi nus of tau pro tein. Global
con for ma tion that was pre vi ously ob served by FRET
method sup ports the model that places the C-ter mi nal do -
main be tween the MTBRs and the N-ter mi nal do main [3].
Our re sults have shown that isoforms with out the N-ter mi -
nal in serts bind to DC39C an ti body better than isoforms
con tain ing them; same re sults were ob tained when tau with 
var i ous N-ter mi nal do main trun ca tion were used.

Sub se quently, we have mea sured the ki net ics of the
hep a rin-in duced fil a ment for ma tion by ThT flu o res cence
to ob serve the ef fect of the C-ter mi nal do main re moval on
tau ag gre ga tion. We have com pared the lon gest full length
3R tau isoform with two trun cated tau pro teins: tau151-
 391/3R which causes Alz hei mer´s like pa thol ogy in the rat
model [4] and the full length 3R tau isoform with out the
C-ter mi nus (1-391/3R). The dou ble trun cated tau con struct 
(151-391/3R) in di cated very rapid fil a ment for ma tion;

slightly slower fil a ment for ma tion was ob served for tau
pro tein with out C-ter mi nal, and the slow est fil a ment for -
ma tion was given by the isoform tau39 (2N3R). These
find ings also sup port the pre vi ously pro posed hy poth e sis
of C-ter mi nal do main in hi bi tion of tau ag gre ga tion. 

1. Abraha, A., Ghoshal, N., Gamblin, T. C., Cryns, V.,
Berry, R. W., Kuret, J. & Binder, L. I., J Cell Sci
113, (2000), 3737-3745.

2. Popov, K. I., Makepeace, K. A. T., Petrotchenko, E.
V., Dokholyan, N. V. & Borchers, C. H., Struc ture
27, (2019), 1710-1715 e1714.

3. Jeganathan, S., von Bergen, M., Brutlach, H.,
Steinhoff, H. J. & Mandelkow, E., Bio chem is try-Us
45, (2006), 2283-2293.

4. Filipcik, P., Zilka, N., Bugos, O., Kucerak, J., Koson, 
P., Novak, P. & Novak, M., Neurobiol Ag ing 33,
(2012) 1448-1456.
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Apoptosis and autophagy are tightly reg u lated bi o log i cal
pro cesses, act ing in syn chro to se cure proper de vel op ment
or sur vival of cells and multicellular or gan isms [1]. Death-
 as so ci ated pro tein kinase (DAPK) fam ily of pro teins plays
an im por tant role in com mit ment stage of apoptosis and
pro gres sion of autophagy. Hu man DAPK fam ily con sists
of five serine/threonine kin ases with high homology in
their cat a lytic do mains lo cated on N-ter mi nus but vary in
re main ing re gions [2]. 370 amino acid long DAPK2 is the
short est mem ber of the DAPK fam ily that con sists of three
do mains: cat a lytic do main (23-285), autoregulatory do -
main (288-330) and dimerization do main (331-370).
DAPK2 is ac ti vated by Ca2+/Calmodulin (Ca2+/CaM) bind -
ing to the autoregulatory do main or by phosphorylation at
S299 and in hib ited by the phosphorylation at S318 and
T369 [3]. Phosphorylation at S318 trig gers conformational
change that pre vents both: Ca2+/Calmodulin from bind ing
and sub strate from en ter ing the ac tive site, as vis i ble from
the crys tal struc ture of DAPK2 [4]. Phosphorylation at
T369 is rec og nized by the 14-3-3 pro tein which dis rupts
dimerization and de creases the ac tiv ity of DAPK2 [5, 6].
Pri mary fo cus of this study is to char ac ter ize the 14-3-3/
DAPK2 com plex and pro pose a mo lec u lar mech a nism of
14-3-3 role in neg a tive reg u la tion of DAPK2. Based on our 
low-res o lu tion struc tural data com bined with bio phys i cal
char ac teri sa tion of the com plex and func tional stud ies, we

pro pose a mech a nism where 14-3-3 acts as a scaf fold for
autoinhibitory con for ma tion of DAPK2 and pre vents de -
phos phorylation of reg u la tory phospho-sites. In this con -
for ma tion, the 14-3-3 pro tein not only in ter acts with
C-ter mi nal reg u la tory do mains of DAPK2 but also with the 
kinase do main, hence ex plain ing the ob served in hib i tory
ef fect of 14-3-3 on DAPK2 kinase ac tiv ity. Ad di tion ally,
the 14-3-3/DAPK2 com plex can be sta bi lized by small
mol e cule com pound Fusicoccin. Thus, this study not only
pro vides mech a nis tic in sight into DAPK2 reg u la tion but
also sug gests an al ter na tive way how to in hibit DAPK2
dur ing can cer treatment. 
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Hu man rhinovirus 14 (HRV14) be longs to the ma jor group
of hu man rhinoviruses, which uti lize intercellular ad he sion 
mol e cule 1 (ICAM-1) as their re cep tor. It was shown be -
fore that the bind ing site for ICAM-1 is lo cated at so called
‘can yon’ re gion of the HRV14 in a vi cin ity of the five-fold
sym me try axis. How ever, pre cise binding in ter face be -
tween HRV14 and ICAM-1 is not known. Here we pres ent
cryo-EM struc ture of HRV14-ICAM-1 com plex at 2.8 C
res o lu tion. We show that the in ter ac tion causes confor -

mational changes in BC and FG loops of D1 do main of
ICAM-1 and loop 151-161 in VP1 of HRV14. We de scribe 
ex ten sive ionic and hy dro gen bonds be tween the vi rus and
the re cep tor. This in for ma tion will pro vide a guide for de -
vel op ment of small mol e cule in hib i tors in ter fer ing with the 
cell en try of HRV14. Block ing of at tach ment of vi rus to its
re cep tor is in scope of many drug de vel op ment tri als since
it dis rupts the vi ral life cy cle in its very be gin ning.

P24
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Alz hei mer’s dis ease (AD) is neurodegenerative dis or der

char ac ter ized by de pos its of b-am y loid plaques and ag gre -
gated tau pro tein. Tau is as so ci ated with microtubules and
sta bi lizes them main tain ing their highly dy namic state. Un -
der dis ease con di tions tau un der goes ab er rant post trans -
lational mod i fi ca tions, e.g. trun ca tion and hyper phos -
pho rylation [1]. Patho log i cal form of tau pro tein does not
bind microtubules and is prone to ag gre ga tion cre at ing
dimers and oli go mers, which next are form ing straight fil a -
ments and paired he li cal fil a ments lead ing to typ i cal
neurofibrillary tan gles.

Tau pro tein is an in trin si cally dis or dered pro tein (IDP)
with out any sta ble sec ond ary or ter tiary struc ture [2]. The
conformational reg u la tion and struc tural changes of tau are 
of great in ter est be cause they can be tar geted in the treat -
ment of AD. For mon i tor ing the struc ture, dy namic bio -
phys i cal meth ods are em ployed. Very use ful can be stud ies
in volv ing in ter ac tion part ners of tau, par tic u larly mono -
clonal an ti bod ies rec og niz ing spe cific (conforma tional)
epitopes on tau. Bio phys i cal char ac ter iza tion of tau-an ti -
body com plexes may elu ci date ki netic and ther mo dy namic
reg u la tion of in di vid ual tau epitopes, whereas crys tal log ra -
phy of com plexes may con fer mo lec u lar de tails of tau
struc tural pro pen sity.

Monoclonal an ti body DC39N1 used in this work was
pre pared af ter mice im mu ni za tion with short pep tide cor re -
spond ing to the first al ter na tively spliced N-ter mi nal in sert
of tau. It was used for de tailed anal y sis of the struc ture of

N-ter mi nal do main of tau pro tein alone and in co op er a tion
with other tau pro tein do mains. Pre vi ously, DC39N1
epitope was re fined to nine amino ac ids from 58 to 67 res i -
dues in 2N4R isoform [3, 4]. 

Fab of DC39N1 was cloned in eukaryotic ex pres sion
vec tor and pro duced in ExpiCHO cells. Af ter cul ti va tion,
the an ti body was pu ri fied by af fin ity chro ma tog ra phy,
char ac ter ised by dy namic light scat ter ing and SDS-PAGE
and pre pared for iso ther mal ti tra tion cal o rim e try (ITC),
sur face plasmon res o nance (SPR) and crystallisation ex -
per i ments. ITC and SPR mea sure ments of com plex for ma -
tion with a large panel of tau pro teins re vealed sub tle
allosteric reg u la tion of flex i ble tau pro tein by al ter na tively
spliced parts of mol e cule. In crys tal li za tion ex per i ments we 
were able to ob tain crys tals of an ti body alone and of pu ta -
tive com plexes with four tau pro tein vari ants of suf fi cient
qual ity (Fig. 1).

1  M. Novak, R. Jakes, P. C. Ed wards, C. Milstein, C. M.
Wischik, Proc. Natl. Acad. Sci. U.S.A. 88, (1991), 5837 –
5841.
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Biol. 116, (1977), 207 – 225.

3. K. Soltys, G. Rolkova, L. Vechterova, P. Filipcik, N. Zilka, 
E. Kontsekova, M. Novak, NeuroReport, 16, (2005), 1677
– 1681.
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Lactoferrin (LF) is an iron-bind ing glycoprotein be long ing
to the transferrin fam ily. LF is abun dant in milk and is pres -
ent also in other exocrine flu ids (e.g. sa liva, tears) and in
the sec ond ary gran ules of neu tro phils. LF has a bilobal
struc ture and a high isoelectric point. A clus ter of pos i -
tively-charged amino ac ids is lo cated at its N-ter mi nus,
wherefrom the bioactive pep tide lactoferricin (LFcin) is
de rived. Ba sic char ac ter of LF and its abil ity to bind iron
me di ate many ben e fi cial bi o log i cal prop er ties, which have
been at trib uted to LF – antimicrobial, an ti vi ral and
immunomodulatory ac tiv i ties.

Re cently, LF has been shown to block ac ti va tion of
plasminogen (Plg), a zymogenic form of serine pro te ase
plasmin (Pm) [1]. Plg-Pm sys tem plays an im por tant role in 
many phys i o log i cal pro cesses, e.g. fibrinolysis. How ever,
ab er rant ac ti va tion of Plg may aid in va sion of tu mour cells
and cer tain bac te ria [1, 2]. There fore, in hi bi tion of patho -
log i cal Plg ac ti va tion by LF can have a ther a peu tic po ten -
tial. It has been shown by sur face plasmon res o nance
(SPR) that holo-LF can bind di rectly to Plg with a high af -
fin ity; how ever, the in ter ac tion does not obey a sim ple 1:1
mech a nism and needs a pre-ac ti va tion of LF by ac ids [1].
For an ef fec tive ex ploi ta tion of LF in hib i tory ac tiv ity on
Plg ac ti va tion it will be of ma jor im por tance to elu ci date
the mo lec u lar struc ture of LF-Plg com plex as well as the
path ways of com plex for ma tion. These are the aims of our
work.

As the apo-LF needs to be ex posed to acidic pH be fore
be ing able to bind Plg, and this treat ment can al ter its struc -
ture and in duce oligomerization, we stud ied in de tails the
con for ma tion of LF in low er ing pH by dy namic light scat -
ter ing. We ob served a re vers ible acidic ex pan sion of LF
with no di rect im pli ca tion on its dimerization. Fur ther, we
com pared re ac tiv ity of var i ous forms of LF with Plg by
SPR.

The X-ray struc tures of LF and Plg are known, how -
ever, LF was un til now crys tal lized only in con di tions em -
ploy ing high con cen tra tion of propanol, which can
in flu ence the struc tural fea tures. We have per formed large
crys tal li za tion screen ing of LF and have found crys tal li za -
tion con di tions with out al co hol. Fi nally, be cause
lactoferricin pep tide is sus pected to me di ate the in ter ac tion
of LF and Plg [1], we have op ti mized prep a ra tion of LFcin
by pep sine di ges tion of LF and pu ri fi ca tion by a two-step
chro ma tog ra phy pro ce dure, and tested the in hib i tory ac tiv -
ity of pu ri fied pep tides on Plg ac ti va tion. 

1. A. Zwirzitz, M. Reiter, R. Skrabana, A. Ohradanova-Repic, 
O. Majdic, M. Gutekova, O. Cehlar, E. Petrovcikova, E.
Kutejova, G. Stanek, H. Stockinger, V. Leksa, J. Biol.
Chem. 293, (2018), 8600–8613.

2. K. Dano, N. Behrendt, G. Hoyer-Hansen, M. Johnsen, L.
R. Lund, M. Ploug, J. Romer, Thromb Haemost 93, (2005), 
676–681.

Ó Krystalografická spoleènost

46 Dis cus sions XVII  -  Post ers Ma te ri als Struc ture, vol. 27, no. 1 (2020)

Fig ure 1. Microphotography of crys tals cre ated by Fab monoclonal an ti body DC39N1 (left) and the DC39N1 Fab in com plex with
tauN98 (right). Crys tal of Fab monoclonal an ti body DC39N1 grown in 0.1M So dium HEPES pH7.5 10%w/v PEG 6000 5%v/v MPD
and crys tal of the DC39N1 Fab in com plex with tauN98 grown in 0.2 M Am mo nium sul fate, 0.1 M BIS-TRIS pH 6.5, 25% w/v PEG
3350.
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Post-translational mod i fi ca tions by ubiquitination are im -
por tant for con served roles in the reg u la tion of mem brane
pro teins. Nedd4-2, an ubiquitin ligase (E3) of the HECT
fam ily, tar gets mem brane pro teins such as ion chan nels and 
trans port ers for ubiquitination [1,2]. 14-3-3 pro teins, a
fam ily of the con served reg u la tory mol e cule, neg a tively
reg u lates Nedd4-2 through phosphorylation by PKA. This
reg u la tion is per formed by pro vid ing scaf fold ing for
Nedd4-2, thereby pre vent ing the in ter ac tion with Nedd4-2
and other mem brane pro teins. Though this is known, the
mo lec u lar mech a nism of this reg u la tion largely re mains
un known and is un der sci en tific scru tiny [3, 4]. 

We aim to un der stand the struc tural and func tional ba -
sis of 14-3-3 me di ated reg u la tion of Nedd4-2. Nedd4-2
con sists typ i cally of three do mains: C2 do main, WW do -
main and HECT do main. Pos si ble mech a nism of the
14-3-3 me di ated in hi bi tion of pNedd4-2 in cludes sta bi li za -
tion of in ac tive con for ma tion of Nedd4-2 in which, HECT
and C2 do mains are in volved in the intramolecular in ter ac -
tion and steric mask ing of WW do mains sur faces. To test
this hy poth e sis, we plan to per form the time re solved flu o -
res cence spec tros copy mea sure ments us ing phospho -
rylated Nedd4-2 vari ants la belled by ex trin sic fluorophore
and mon i tor their in ter ac tion with 14-3-3 pro tein. Flu o res -
cence spec tros copy will pro vide ba sic in for ma tion on the
dy nam ics of the in ter ac tion be tween Nedd4-2 ligase and
14-3-3 pro tein. There fore, we pre pared seven Nedd4-2
pro tein vari ants with the sin gle amino acid cysteine, which
will be fluorescently la belled, mon i tor ing dif fer ent WW
do mains of Nedd4-2. The po si tion se lected for cysteine

vari ants in Nedd4-2190-581; WW1: C209, C218; WW2:
C389, C414: WW3: C508, C522; WW4: C571. Mea sur ing
of ro ta tional cor re la tion time and de ter mi na tion of the
mean life time val ues of ex cited fluorophore in Nedd4-2
alone and in the com plex with 14-3-3 pro tein (con tain ing
no Cys res i dues) will al low us to trace the micro environ -
ment of one par tic u lar cysteine amino acid, which is lo -
cated at dif fer ent po si tions within Nedd4-2 con struct.
Ex pres sion and pu ri fi ca tion of se lected cysteine mu tants
has been suc cess fully per formed us ing a bac te rial ex pres -
sion system.

We also crys tal lized the com plex of 14-3-3gDC with
the pep tide containing phosphorylated Ser342, solved its
struc ture us ing mo lec u lar re place ment and re fined it at
1.61C res o lu tion.

1. J. A. Man ning and S. Kumar, Trends Biochem. Sci. 43,
(2018), 635–647.

2.   P. Goel, J. A. Man ning, and S. Kumar, Gene, 557, (2015),
1–10.

3. Nagaki K, Yamamura H, Shimada S, Saito T, Hisanaga S,
Taoka M, Isobe T, Ichimura T, Bio chem is try, 45, (2006),
6733-40.

4.     Ichimura T, Isobe T, J Biol Chem., 280, (2005), 13187-94. 

This study was sup ported by the Czech Sci ence Foun da tion 
(Pro jects 20-00058S), the Czech Acad emy of Sci ences (Re -
search Pro jects RVO: 67985823 of the In sti tute of Phys i ol -
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STRUCTURE COMPARISON OF SALIVARY SERPINS FROM IXODES RICINUS
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The serpins are a large superfamily of struc tur ally con -
served pro teins that are widely dis trib uted [1]. Our struc -
tural study is fo cused on serpins, serine pro te ase in hib i tors,
found in tick sa liva. This group of pro teins has pri mar ily
im mu no log i cal and haemostatic func tions, but their func -
tions can vary. The tick serpins act as mod u la tors of im -
mune re sponses by us ing their anti-co ag u la tion, anti-
com p le men tary func tions and play role in immuno -
suppression [2]. 

The serpins re ar range their struc tural con for ma tion re -
quired for in hib i tory ac tiv ity. The sec ond ary struc ture typ i -

cally con sists of 3 b-bar rels, 9 a-he li ces and ex posed,
flex i ble re ac tive cen ter loop (RCL) that con tains proteinase 
rec og ni tion site. There are dif fer ent types of con for ma tion
and each of these struc tural re ar range ments is im por tant in
the in hib i tory path way. The pro cess of serine proteinase in -
hi bi tion re quired ir re vers ible sui cide sub strate mech a nism
[3].

Struc tural and func tional stud ies of in hib i tory serpins
help un der stand the serpinopathies, dis eases such as cir rho -
sis, hy per ten sion or fa mil ial de men tia. Here, we pres ent the 
crys tal struc tures of two serpins found in tick sa liva of

Ixodes ricinus (iripin3 and IRS-4) com pared to the struc -
ture of Ixodes ricinus serpin 2 (IRS-2) de scribe pre vi ously
[4].

1. J. Potempa, E. Korzus & J. Travis (1994) J. Biol. Chem.
269, 15957-15960. 

2. Ooi, C. P., Haines, L. R., South ern, D. M., Lehane, M. J.,
& Acosta-Serrano, A. (2015). PLoS Negl. Trop. Dis.
9:e3448. doi: 10.1371/jour nal.pntd.0003448

3. P. G. W. Gettins, P. A. Patston & S. T. Olson(eds) (1996)

Serpins: Struc ture, Func tion and Bi ol ogy, Mo lec u lar  bi -
ol ogy Intelligence Unit, R. G. Landes Co., and Chap -
man & Hall, Aus tin, TX.

4. J. Chmelar, C. J. Oliveira, P. Rezacova, I. M. B.
Francischetti, Z. Kovarova, G. Pejler, P. Kopacek, J.M. C.
Ribeiro, M. Mares, J. Kopecky & M. Kotsyfakis; Blood
2011; 117 (2): 736–744. doi:
https://doi.org/10.1182/blood-2010-06-293241

This re search is sup ported by GACR 19-14704Y, ERDF
No. CZ.02.1.01/0.0/0.0/15_003/000041 and GAJU
04-017/2019/P.
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BRCA1-BARD1 AND RNA POLYMERASE II
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Kamenice 5, 625 00 Brno
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Tran scrip tion is con sid ered one of the ma jor threats for ge -
nome sta bil ity; as the con flicts of the tran scrip tion ma chin -
ery with the rep li ca tion fork, or an other bar rier, can lead to
dou ble-stranded DNA breaks. Al though main tain ing ge -
nome in teg rity is cru cial for the cell vi a bil ity, the mech a -
nisms re spon si ble for avoid ing these con flicts are poorly
char ac ter ized. There fore, my re search pro ject fo cuses on
struc tural char ac ter iza tion of the in ter ac tion be tween RNA
poly mer ase II (RNAPII) and BRCA1-BARD1 com plex,
one of pos si ble play ers in volved in main tain ing the ge -
nome sta bil ity. Re cently, we have con firmed the in ter ac -

tion be tween the C-ter mi nal do main of RNAPII and the
BRCT do mains of BRCA1 and BARD1, re spec tively, and
we are re con sti tut ing the full-length com plex for cryo-elec -
tron mi cros copy stud ies. Struc tural char ac ter iza tion of the
com plex, as well as de scrip tion of the con di tions un der
which it is formed will help us to ana lyse its func tion in pre -
vent ing tran scrip tion-borne DNA dam age. This, in turn,
will help us to un der stand how cells co or di nate tran scrip -
tion and other com pet ing pro cesses on DNA, such as rep li -
ca tion or DNA repair.
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X-RAY STRUCTURE OF PDZ DOMAIN OF DISHEVELLED-3 PROTEIN
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Di shev elled (DVL) is a key com po nent of the Wnt sig nal -
ling path way, which gov erns a wide range of bi o log i cal
pro cesses (cell pro lif er a tion, mi gra tion and dif fer en ti a tion,
stem cell re newal, cell po lar ity). It is in volved in both ca -

non i cal (b-catenin-de pend ent) and non-ca non i cal (b-cate -
nin- in de pend ent) cell sig nal ling path ways [1]. Di shev elled
pro tein was first dis cov ered in Drosophila mu tants with
dis or dered hair and bris tle po lar ity [2], and it was proved
that it plays an im por tant role in embryogenesis. Di shev -
elled pro teins are also con nected with the pro cess of
cancerogenesis in hu mans, and mu ta tions/dysregulation of
Wnt path way com po nents are as so ci ated with cer tain car ci -
no mas [3]. 

Di shev elled pro teins con sist of three con served do -
mains: N-ter mi nal DIX do main, cen tral PDZ do main, and
C-ter mi nal DEP do main, that are linked by an un struc tured
ba sic re gion (DIX-PDZ) and proline-rich re gion
(PDZ-DEP) [4]. As a scaf fold ing pro tein, DVL uses its do -
mains for in ter ac tion with a wide range of hu man pro teins
[1]. Its ac tiv ity is af fected by post-translational mod i fi ca -
tions (phosphorylation, ubiquitination and acetylation) [3,
5], how ever, the ex act way how Di shev elled pro teins in te -

grate and re lay the com plex sig nals to per form such a broad 
spec trum of bi o log i cal ac tiv i ties re mains un known. 

This work is fo cused on the crys tal li za tion and struc ture 
de ter mi na tion of the PDZ do main of hu man Di shev elled-3
(DVL3) pro tein. A 1.4 C dif frac tion data were col lected
and the struc ture of PDZ was solved by the mo lec u lar re -
place ment method. 

1. C. Gao, Y. G. Chen, Cell Sig nal 22(5) (2009), 717-27.

2. O. G. Fahmy, M. J. Fahmy, Ge net ics 44(6) (1959),
1149-71.

3. M. Sharma, I. Cas tro-Piedras, G. E. Simmons, K. Pruitt,
Cell Sig nal 47 (2018), 52-64.

4. M. Boutros, M. Mlodzik. Mech Dev 83(1-2) (1999),
27-37. 

5. M. Sharma, D. Molehin, I. Cas tro-Piedras, E. G.
Mar ti nez, K. Pruitt. Sci Rep 9(1) (2019) 16257.

We ac knowl edge CMS-Biocev (“Bio phys i cal tech niques,
Crys tal li za tion, Dif frac tion, Struc tural mass spec trom e -
try”) sup ported by MEYS CR (LM2018127).
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Al de hyde dehydrogenases (ALDHs) com prise a pro tein
superfamily of NAD(P)+-de pend ent en zymes (EC 1.2.1.-)
and cat a lyze ir re vers ible ox i da tion of al de hydes to
carboxylic ac ids. 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 dis tinct fam i lies have been found
in plants. Genomes of prim i tive plants such as al gae com -
prise of ten a sin gle ALDH gene per fam ily while those of

higher plants con tain one to sev eral ALDH gene cop ies per
fam ily. Gene du pli ca tion is a pre dom i nant evo lu tion ary
force be hind ex is tence of new genes, which un dergo ei ther
par ti tion ing of gene func tion or de vel op ment of a new
func tion. As plant or gan isms moved to land, there was a
need for gene ex pan sion linked to ad ap ta tion to new ter res -
trial stress ors as well as to vascularization, tis sue dis tri bu -
tion and dif fer en ti a tion or reg u la tion of hor mone
re sponses. As many stud ies on plants re vealed that up-reg -
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u la tion of ALDH genes is a com mon tar get of stress re -
sponse path ways, there is an eco nom i cal in ter est in
uti liz ing ALDH ex pres sion to im prove crop growth and
qual ity.

Here, we fo cused on ALDH10 and ALDH12 fam ily
mem bers from moss P. patens, A. thaliana and maize (Z.
mays) as well as ALDH22 fam ily from maize and bar ley
(H. vulgare) and ALDH23 from moss. Mem bers of plant
ALDH10 fam ily are known to ox i dize var i ous
aminoaldehydes aris ing from polyamine ox i da tion while
ALDH12 ox i dize semialdehyde dehydrogenase aris ing
upon proline ox i da tion. So far, me tab o lites linked to
ALDH22 and ALDH23 are un known. The op ti mal buffer
com po si tion was an a lyzed us ing a nano dif fer en tial scan -
ning fluorimetry to achieve the high est sta bil ity of par tic u -

lar ALDH isoform. Sub strate spec i fic ity was fur ther
eval u ated spec tro pho to met ri cally, the best sub strates were
iden ti fied and ki netic con stants were de ter mined. Af fin i -
ties to wards the best al de hyde sub strates and coenzyme
NAD+ were fur ther de ter mined us ing microscale
thermophoresis. The crys tal struc ture of ZmALDH12 was
solved at 2.2 C res o lu tion and sub se quent site-di rected mu -
ta gen e sis was per formed to iden tify key res i dues af fect ing
the sub strate and coenzyme pref er ences.

Sup ported by the grant 18-07563S from the Czech Sci ence
Foun da tion, young re searcher grant JG_2020_001 from
Palacký Uni ver sity, ERDF grant pro ject No.
CZ.02.1.01/0.0/0.0/16_019/0000827 (Plants as a tool for
sus tain able global de vel op ment) from the Min is try of Ed u -
ca tion, Youth and Sports, Czech Re pub lic.
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Lens Ep i the lium De rived Growth Fac tor/p75 (LEDGF/p75 
or PSIP1) is a transcriptional co-ac ti va tor re spon si ble for
teth er ing other fac tors to the re gions of ac tively tran scribed 
genes us ing its PWWP do main that spe cif i cally binds
di/trimethylated lysine 36 on histone 3 (H3K36me2/3).
Cel lu lar part ners bound to its C-ter mi nal integrase-bind ing
do main (IBD) are thus drawn near the ac tive chromatin.
Through this in ter ac tion, LEDGF/p75 is as so ci ated with
two dis tinct dis eases, HIV in fec tion and mixed-lin eage
(MLL) leu ke mia, and there fore be comes an at trac tive ther -
a peu tic tar get. The aim of our work is to un der stand the bi -
o log i cal roles of LEDGF/p75 by track ing its in ter ac tion
net work in the nucleosomal con text. The bind ing af fin ity
for PWWP do main is six or ders of mag ni tude higher when
in ter act ing with the whole nucleosome than H3K36me3

pep tides or DNA alone be cause of its abil ity to bind both
gyres and mod i fied histone tail si mul ta neously. This would 
have an im pact on the IBD do main-bound cel lu lar part ners
that are readily avail able in the prox im ity of tran scribed
genes. To fur ther elu ci date the whole pro cess, we ex am ine
the PWWP do main-nucleosome in ter ac tions us ing
full-length LEDGF/p75, as well as LEDGF/p75 in com -
plex with its known cel lu lar part ners. Our data pres ent ob -
tained cryo-EM struc ture of H3K36me2 nucleosome
bound to the LEDGF/p75-POGZ(1117-1410) com plex.
These re sults will have an im pact on cur rent MLL leu ke mia 
drug dis cov ery ef forts by find ing spe cific in hib i tors of
LEDGF/p75-MLL1 in ter ac tion and will con trib ute to a
better un der stand ing of transcriptional reg u la tion in
eukaryotic cells.
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In each or gan ism, there are macromolecules - el e men tary
com po nents of liv ing ma chin ery re spon si ble for the proper
func tion of their cells. There are num ber of es tab lished
struc tural and chem i cal bi ol ogy ap proaches to in ves ti gate
re la tion ships be tween macromolecule struc ture and func -
tion un der in vi tro con di tions. How ever, con ven tional

struc tural and chem i cal bi ol ogy meth ods for anal y sis of
macromolecules are not con ducted in their na tive con text.
Con se quently, in for ma tion on im por tant struc tural and
func tional fea tures of macromolecules are lost as macro -
molecules in side the liv ing cells are in flu enced by many
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en vi ron men tal fac tors such as tem per a ture, mo lec u lar
crowd ing, pH, vis cos ity, or me tab o lites. 

In-cell NMR spec tros copy can pro vide in valu able bi o -
log i cal, struc tural, and func tional in for ma tion about be hav -
ior of pro teins and nu cleic ac ids (DNA/RNA) in the
com plex phys i o log i cally rel e vant en vi ron ment of liv ing
cells at close-to-atomic res o lu tion1. Here, we re port on de -
vel op ment of the in-cell NMR based ap proach for in ves ti -
ga tion of DNA-pro tein in ter ac tions in liv ing hu man cells
(Fig.1). The pro ce dure is based on in duc ible over -
expression of the iso to pi cally la beled pro tein of in ter est en -
coded by cor re spond ing DNA se quence stably
in cor po rated in hu man ge nome of cells that are sub se -
quently transfected with de sired DNA/RNA tar get. Our
am bi tion is to re con sti tute pro tein-NA bind ing in ter face
sus cep ti ble to in-cell NMR in ves ti ga tion in side intra -
cellular space of liv ing cells. 

 1. Luchinat E, Banci L. A Unique Tool for Cel lu lar Struc tural 
Bi ol ogy: In-cell NMR. J Biol Chem. 2016 Feb
19;291(8):3776–84.

This re search was sup ported by the grant from Czech Sci -
ence Foun da tion (19-26041X), by the grant from Min is try
of Health of the Czech Re pub lic (NV19-08-00450), by the
pro ject MSCAfellow2@MUNI(CZ.02.2.69/0.0/0.0/18_
070/ 0009846) by Min is try of Ed u ca tion, Youth, and Sports 
(MEYS) of the Czech Re pub lic, and by the pro ject SYMBIT
(CZ.02.1.01/0.0/0.0/15_003/0000477) funded by the Eu ro -
pean Re gional De vel op ment MEYS of the Czech Re pub lic.
MEYS is also ac knowl edged for its sup port of ac cess to re -
search in fra struc ture (CEITEC 2020 LQ1601; CIISB-
LM2018127; Czech-BioImaging LM2018129; EATRIS-
CZ LM2018133).
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The larg est sub unit of hu man RNA Poly mer ase II con tains
highly flex i ble C-ter mi nal do main (CTD) that is com posed
of 52 heptapeptide re peats (ap prox i mately first half of the
CTD con sists of con sen sus heptapeptide re peats,
YSPTSPS, while the sec ond half is se quen tially di ver gent). 
Sev eral CTD’s ca non i cal and non-ca non i cal res i dues can
be sub jects of post-translational mod i fi ca tions. Ty ro sine,
threonine, and serine res i dues un dergo dy namic phospho -
rylation/dephosphorylation re sult ing in spe cific phospho -
rylation pat terns through out dif fer ent stages of trans -
cription cy cle. These phosphorylation pat terns are rec og -
nized by var i ous tran scrip tion and pro cess ing fac tors dur -
ing the tran scrip tion cy cle.  There fore, CTD plays an
im por tant role in the reg u la tion of tran scrip tion and cou -
pling of tran scrip tion 

to post-transcriptional pro cesses such as mRNA pro cess -
ing.

In this work, we show that hu man tran scrip tion fac tor,
RPRD2, rec og nizes spe cif i cally pSer2 or pThr4 phospho -
rylated forms of CTD via its CTD-in ter act ing do main
(CID) in a sim i lar way to its yeast homologue, Rtt103. The
in ter ac tion of RPRD2 CID with pSer2 phosphorylated
CTD is fur ther en hanced by ad di tional phosphorylation on
pSer7. To pro vide mech a nis tic de tails of the in ter ac tion be -
tween RPRD2 CID and pSer2,7 CTD, the so lu tion struc -
ture was ob tained us ing NMR spec tros copy. pSer2 and
pThr4 phosphomarks oc cur mainly dur ing the late elon ga -
tion and ter mi na tion. RPRD2s pref er ence for these two
phosphomarks sug gests pos si ble in volve ment of RPRD2
in tran scrip tion ter mi na tion.
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Fig ure 1. Scheme of DNA-pro tein ex per i ment.
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It is well-known that the large di ver sity of pro tein func tions 
and struc tures de rives from the broad spec trum of
physicochemical prop er ties of the 20 ca non i cal amino ac -
ids that make up mod ern pro teins. Ac cord ing to the gen er -
ally ac cepted hy poth e sis [1], evo lu tion of pro tein struc tures 
and func tions was con tin u ously as so ci ated with en rich -
ment of the ge netic code, with ar o matic amino ac ids be ing
con sid ered the lat est ad di tion to the ge netic code to in -
crease struc tural sta bil ity of pro teins and en hance clar i fi ca -
tion of its cat a lytic func tions [2].

The main ob jec tive of this study was to test whether en -
zy matic ca tal y sis can spare the struc tural sta bil ity pro vided
by aromatics by de ter min ing the ef fect of amino acid al pha -
bet re duc tion on struc ture and func tion of dephosphoCoA
kinase (DPCK). Two mu tant vari ants of a pu ta tive DPCK
from Aquifex aeolicus (PDB code 2IF2) with out ar o matic
amino ac ids were de signed, sub sti tu tion by Leu res i dues
(DPCK-LH) and by non-ar o matic res i dues based on the
best pre dicted pres er va tion of ther mo dy namic sta bil ity
(DPCK-M). 

Struc tural char ac ter iza tion of DPCK vari ants (us ing
CD and 1D-NMR) sug gest that there is less ter tiary struc -
ture and par tial loss of sec ond ary struc ture con tent upon
loss of the ar o matic res i dues. In trigu ingly, DPCK-LH
seems to be struc tur ally more sim i lar to DPCK-WT than
the DPCK-M vari ant. The re sults of struc tural stud ies re -
flect on cat a lytic ac tiv i ties of pro tein vari ants with the
grad ual de crease of pro tein fold ing echo ing in the steady

loss of sub strate spec i fic ity in a row DPCK-WT –
DPCK-LH – DPCK-M. Whereas DPCK-WT shows
phosphotransferase ac tiv ity, DPCK-LH and DPCK-M
rather dem on strate ATPase ac tiv ity and 150 and 500 times
lower cat a lytic ef fi ciency in ATP con ver sion, re spec tively,
mainly as a re sult of a de creased turn over num ber. The
HPLC-MS anal y sis de tected sig nif i cant CoA for ma tion
only in the re ac tion catalysed by DPCK-WT but 10x and
100x less for ma tion was de tected also in the re ac tions
catalysed by DPCK-LH and DPCK-M, re spec tively. 

The ob tained data pro vide ev i dence to the hy poth e sis
that pro teins in the early stages of life could sup port at least
some en zy matic ac tiv i ties, prob a bly with lower ef fi cien -
cies as a re sult of lack of firm hy dro pho bic core.   

1. J. Tze-Fei Wong, Bioessays, 27 (4) (2005), pp.416-25.

2. E. D. Mauro, A. K. Dunker, E. Trifonov, in Cel lu lar Or i -
gin, Life in Ex treme Hab i tats, and Astrobiology, ed ited by
J. Seckbach (Springer, Dordrecht), 22 (2012), pp. 415-435.
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Sci ence Foun da tion (GAÈR) grant num ber 17-10438Y,
pro ject SVV260427/2018 (VT) and by the pro ject
“BIOCEV” CZ.1.05/1.1.00/02.0109. We would also like to 
ac knowl edge the fa cil ity and sup port of the CMS-Biocev
(“Bio phys i cal tech niques”) sup ported by MEYS ÈR
(LM2018127).
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The forkhead box O (FOXO) tran scrip tion fac tor be longs
to the forakhead (FOX) pro tein fam ily and con trols di verse
sig nal ing path ways to reg u late cell cy cle, me tab o lism, dif -
fer en ti a tion, stress re sponse, and apoptosis [1,2]. The
FOXO subfamily has four mem bers (FOXO1, FOXO3,
FOXO4 and FOXO6) which share ap prox i mately 110
amino acid long DNA bind ing do main (called forkhead do -
main) through out evo lu tion [3,4]. They are ex pressed in a
wide range of or gan isms (yeast to hu man) and their func -
tional ac tiv ity highly reg u lated by post-translational mod i -
fi ca tion and in ter ac tion with other pro teins in clud ing p53
[4,5]. The p53 pro tein acts as a cen tral hub in the bi o log i cal
net work which can mod u late the ac tiv ity of its in ter act ing
part ners. In the past few years, the grow ing ev i dence sug -
gests that both FOXO4 and p53 can in ter act with each other 
upon ion iz ing ra di a tion which leads to cel lu lar se nes cence
[6]. An ac cu mu la tion of se nes cent cell ac cel er ates the ag -
ing pro cess and other age-re lated dis eases. How ever, the
mo lec u lar mech a nisms of this in ter ac tion re main un known
due to the lack of struc tural data. So our deep in ter est is to
un der stand which re gions of p53 and FOXO4 are in volved
in com plex for ma tion and what is the struc ture of the
FOXO4-p53 com plex. There fore, pull-down as say, sed i -
men ta tion ve loc ity an a lyt i cal ul tra cen tri fu ga tion

(SV-AUC), 2D 1H-15N HSQC NMR spec tros copy was
used to in ves ti gate the in ter ac tion be tween var i ous con -
structs of FOXO4 and p53. Our pre lim i nary data sug gested 
that both FOXO4 and p53 are in ter act ing with each other
with the af fin ity (KD) in the micromolar range. HSQC
NMR spec tros copy data re veals that the N-ter mi nal seg -
ment as well as other re gions of the FOXO4 DNA-bind ing
do main is in volved in p53 bind ing. 

1. D. Accili, K.C. Arden, Rev. Cell., 117, (2004), 421–426.

2. D.R. Calnan, A. Bru net, Rev. Onco gene., 27, (2008),
2276-2288.

3. D. Weigel, H. Jackle, Cell.,63, (1990), 455-456.

4. T. Obsil, V. Obsilova, Rev. Onco gene., 27, (2008),
2263-2275.

5. F. Wang, C.B. Mar shall, K. Yamamoto, G-Y Li, M.J.
Plevin, H. You, T.W. Mak, M. Ikura, J. Mol. Biol., 384
(2008), 590-603.

6. M.P. Baar, R.M.C. Brandt, D.A. Putavet, ..., J.H.J,
Hoeijmakers, J. Campisi, P. L.J.de Keizer, Cell., 169,
(2017), 132–147.
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In-cell NMR spec tros copy is use ful tech nique en abling
struc tural char ac ter iza tion of macromolecules such as pro -
teins or DNA in side the com plex en vi ron ment of liv ing cell 
[1]. This is very im por tant for mol e cules sen si tive to the pa -
ram e ters of their en vi ron ment such as pH, ionic strength
and com po si tion, or mo lec u lar crowd ing. 

I-mo tifs rep re sents one of these struc tures. DNA i-mo -
tif is a tetrameric DNA struc ture based on the for ma tion of
hemi-protonated cy to sine-cy to sine (C+.C) base pairs [2].
Un der in vi tro con di tions, i-mo tif for ma tion is fa vored by

acidic pH and low ionic strength [3], [4]. How ever, the ex -
is tence of i-mo tifs in liv ing cells has re mained un clear un til
re cently [5], [6]. 

In eukaryotic genomes, i-mo tif-prone se quences are en -
riched in bi o log i cally im por tant re gions, such as gene pro -
mot ers where they were pro posed to play an ac tive role in
reg u la tion of gene ex pres sion [7]. Pa ram e ters of the
intracellular en vi ron ment vary dur ing dif fer ent cel lu lar
events such as cell cy cle, apoptosis or hypoxia [8], which
can trig ger changes of occurence of i-mo tifs in vivo, as was 

Ó Krystalografická spoleènost

Ma te ri als Struc ture, vol. 27,  no. 1  (2020)       53



re cently dem on strated by [6]. Here, we pres ent pos si bil ity
to in ves ti gate for ma tion of i-mo tifs in sep a rate phases of
the cell cy cle us ing in-cell NMR spec tros copy. 
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Pseu do mo nas aeruginosa is a multi-drug re sis tant bac te -
rial patho gen iden ti fied by the World Health Or ga ni za tion
as a high-pri or ity tar get for the de vel op ment of new treat -
ments. P. aeruginosa has in trin sic re sis tance mech a nisms
such as efflux sys tems and an ti bi otic-in ac ti vat ing en zymes
and can also ac quire re sis tance with mu ta tions. As an ad di -
tional adap tive re sis tance mech a nism, ad her ent P.
aeruginosa cells can form a biofilm, shield ing the col ony
from the im mune sys tem and from phar ma ceu tics [1]. 

Phage ther apy is a prom is ing al ter na tive for treat ing
such re sis tant in fec tions. Bacteriophage LUZ19 is a lytic
phage from the Podoviridae fam ily that in fects a va ri ety of
clin i cal P. aeruginosa strains [2]. The vi ral par ti cle con -
sists of an icosahedral capsid cca 60 nm in di am e ter with
43,5 kbp dsDNA ge nome pack aged in side, and a short tail.
The first aim of this pro ject is to char ac ter ize the struc ture
of LUZ19 at near-atomic res o lu tion. Phage par ti cles pu ri -

fied on CsCl gra di ent were used for cryo-elec tron mi cros -
copy data col lec tion; the sin gle-par ti cle anal y sis of this
dataset is in prog ress. The sec ond aim is to study the in ter -
ac tion of phages with bac te rial cells us ing cryo-elec tron to -
mog ra phy. Fi nally, we plan to em ploy the CRISPR/Cas
sys tem to pre pare fluorescently la belled phage strains, al -
low ing us to ob serve the prog ress of phage in fec tion in bac -
te rial biofilm. Ob tained re sults will fur ther our
un der stand ing of LUZ19 in fec tious cy cle in both plank -
tonic and biofilm-form ing P. aeruginosa pop u la tions. 

1. Z. Pang, R. Raudonis, B. R. Glick, T-J. Lin, Z. Cheng,
(2019) An ti bi otic re sis tance in Pseu do mo nas aeruginosa:
mech a nisms and al ter na tive ther a peu tic strat e gies,
BiotechAdv.

2. P-J. Ceyssens, Iso la tion and Char ac ter iza tion of lytic bac -
te rio phages in fect ing Pseu do mo nas aerugionsa. (2009).
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Among all spe cies, caspase-2 (C2) is the most evolutio -
narily con served caspase re quired for ef fec tive ini ti a tion of 
apoptosis fol low ing death stim uli. C2 is ac ti vated through
dimerization and autoproteolytic cleav age and in hib ited
through phosphorylation at Ser139 and Ser164, within the
linker be tween the caspase re cruit ment and p19 do mains of 
the zymogen, fol lowed by as so ci a tion with the adap tor pro -
tein 14-3-3, which main tains C2 in its im ma ture form
procaspase (proC2) [1, 2]. More over, the caspase-2 re gion
with both 14-3-3-bind ing mo tifs also con tains the nu clear
lo cal iza tion se quence (NLS), thus sug gest ing that 14-3-3
bind ing may reg u late the subcellular lo cal iza tion of
caspase-2. How ever, the mech a nism of 14-3-3-de pend ent
in hi bi tion of C2 ac ti va tion re mains un clear. 

We re cently re ported the struc tural char ac ter iza tion of
the com plex be tween proC2 and 14-3-3 us ing a com bined
ap proach based on small an gle X-ray scat ter ing, NMR,
chem i cal cross-link ing, flu o res cence spec tros copy, hy dro -
gen/deu te rium mass spec trom e try (HDX-MS) and pro tein
crys tal log ra phy to de ter mine the mo lec u lar ba sis for
14-3-3-me di ated in hi bi tion of C2 ac ti va tion [3, 4]. Our
data re vealed that the 14-3-3 dimer in ter acts with proC2
not only through ligand-bind ing grooves but also through
other re gions out side the cen tral chan nel, thus ex plain ing
the isoform-de pend ent spec i fic ity of 14-3-3 pro tein bind -
ing to proC2 and the sub stan tially higher bind ing af fin ity of 
14-3-3 pro tein to proC2 than to the dou bly phosphorylated
pep tide. The for ma tion of the com plex be tween 14-3-3
pro tein and proC2 does not in duce any large confor -
mational change in proC2. Fur ther more, the 14-3-3 pro tein
in ter acts with and masks both the nu clear lo cal iza tion se -
quence (NLS) and the C-ter mi nal re gion of the p12 do main
of proC2 through tran sient in ter ac tions in which both the

p19 and p12 do mains of proC2 are not firmly docked onto
the sur face of 14-3-3. Be cause this masked re gion of p12
do main is in volved in caspase-2 dimerization, 14-3-3
likely in hib its proC2 ac ti va tion by block ing the
dimerization sur face of this procaspase.

In con clu sion, the struc tural anal y sis of the
14-3-3:caspase-2 com plex sug gested that 14-3-3 pro tein
bind ing may in hibit caspase-2 ac ti va tion through in ter fer -
ence with caspase-2 oligomerization and/or its nu clear lo -
cal iza tion by sterically oc clud ing caspase-2 p12 do main as
well as NLS, which is bor dered by the two phosphorylated
14-3-3-bind ing mo tifs of caspase-2. Thus, these re sults
cor rob o rate the hy poth e sis that 14-3-3 bind ing is an im por -
tant reg u la tory el e ment of caspase-2 ac ti va tion.

1. L. K. Nutt, M. R. Buchakjian, E. Gan, R. Darbandi, S. Y.
Yoon, J. Q. Wu, Y. J. Miyamoto, J. A. Gib bons,  J. L.
Andersen, C. D. Freel, W. Tang, C. He, M. Kurokawa, Y.
Wang, S. S. Margolis, R. A. Fissore, and S. Kornbluth, Dev 
Cell 16, (2009), 856-866.

2. D. Kalabova, A. Smidova, O. Petrvalska, M. Alblova, D.
Kosek, P. Man, T. Obsil, and V. Obsilova, Biochem
Biophys Res Commun., 493, (2017), 940-945. 

3. A Smidova, M. Alblova, D. Kalabova, K. Psenakova, M.
Rosulek, P. Herman, T. Obsil T, and V. Obsilova, FEBS J.,
285, (2018), 4196-4213. 
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Mites are a ma jor source of al ler gens and con trib u tor to the
ris ing in ci dence of al ler gic dis eases, in clud ing bron chial
asthma, rhi ni tis, and atopic der ma ti tis. Di ges tive en zymes
pro duced by mites and re leased into the en vi ron ment are
po tent al ler gens and a tar get for the treat ment of al ler gic
hy per sen si tiv ity. 

We per formed the first de tailed pro fil ing of di ges tive
proteolytic en zymes in the house dust mite Dermato -

phagoides farinae us ing func tional proteomics and iden ti -
fied cathepsin B (DfCB) as a new ma jor com po nent
pro te ase. Re com bi nant DfCB was pro duced in the yeast
ex pres sion sys tem and enzymologically char ac ter ized.
Fur ther more, the pu ri fied DfCB was crys tal lized, and its
pre lim i nary 3D struc ture was solved by X-ray crys tal log ra -
phy.

This work was sup ported by the grant num ber 6061/23.

P40

CENTRE OF MOLECULAR STRUCTURE IN BIOCEV – CURRENT STATUS AND
UPDATES

J. Pavlíèek, J. Stránský, T. Charnavets, P. Pompach, P. Vaòková, ¼. Škultétyová,
M. Schneiderová, J. Dohnálek

Cen tre of Mo lec u lar Struc ture, In sti tute of Bio tech nol ogy, Acad emy of Sci ences of the Czech Re pub lic,
Prùmyslová 595, 252 50 Vestec u Prahy

jiri.pavlicek@ibt.cas.cz

The core fa cil i ties of the Cen tre of Mo lec u lar Struc ture
(CMS) of fer a wide range of meth ods of struc tural bi ol ogy.
They are lo cated in BIOCEV, as part of the In sti tute of Bio -
tech nol ogy, AS CR. CMS con sists of fa cil i ties de voted to
crys tal li za tion of macromolecules, X-ray dif frac tion and
scat ter ing, bio phys i cal char ac ter iza tion and struc tural mass 
spec trom e try. The ser vices are pro vided via the Czech In -
fra struc ture for In te gra tive Struc tural Bi ol ogy (CIISB) and
the Eu ro pean in fra struc ture for struc tural bi ol ogy In -
struct-ERIC. The lat est im prove ments of our in stru ments

port fo lio are the NT8 crys tal li za tion dropsetter (Formu -
latrix) and the up grades of the diffractometer D8 Ven ture
in clud ing new de tec tor, au to mated ro botic goniometer
head and the HC-lab de vice for con trolled dehumi -
dification of crys tals (Arinax).

CIISB re search in fra struc ture pro jects LM2015043,
LM2018127, and CZ.02.1.01/0.0/0.0/16_013/0001776
funded by MEYS CR are grate fully ac knowl edged for the fi -
nan cial sup port of the mea sure ments at the CMS.
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MICROTUBULE ASSOCIATED PROTEIN 2C INTERACTS WITH MULTIPLE PARTNERS 
AT SPECIFIC SITES
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The Microtubule As so ci ated Pro teins (MAPs) reg u late the
sta bil ity and the dy nam ics of the cytoskeleton.  The main
struc tural MAPs, tau and MAP2, are ex pressed in neurones 
and are in volved in neurodegenerative dis eases, such as
Alz hei mer’s dis ease. Tau and MAP2 are both in trin si cally
dis or dered pro teins, lack ing a fixed three-di men sional
struc ture. How ever, nu clear mag netic res o nance re vealed
pro pen si ties of MAPs to form tran sient lo cal struc tures and
long-range con tacts in the free state [1, 2].  MAP2c, the ju -
ve nile MAP2, is ex pressed dur ing brain de vel op ment. In
ad di tion to its role in the con trol of dy nam ics of micro -
tubules and actin fil a ments, MAP2c is in volved in in ter ac -
tions with mul ti ple pro teins or small lig ands,  im plied in
neuronal de vel op ment, in the reg u la tion of the
cytoskeleton plas tic ity, or an chor ing the cytoskeleton to
organelles.

Here, we pres ent the in ter ac tion of MAP2c with dif fer -
ent pro teins, such as 14-3-3 [3], the cytolinker plectin and
the RII reg u la tory sub unit of PKA, as well as with neuro -
steroids. In ter est ingly, the sites of in ter ac tion with the dif -

fer ent pro teins can be linked to tran sient struc tural fea tures
ob served in free MAP2c [1, 2].

1. K. Melková, V. Zapletal, S. Jansen, E. Nomilner, M.
Zachrdla, J. Hritz, J. Nováèek, M. Zweckstetter,  M.  R.
Jensen, M. Blackledge, L. Žídek, J. Biol. Chem., 293,
(2018), 13297–13309.

2. K. Mel ko vá, V. Za ple tal, S. Na ra si mhan, S. Jan sen, J.
Hritz, R. Škra ba na, M. Zwecks tet ter, M. Rin gkjøbing Jen -
sen, M. Blac kled ge, L. Žídek, Bi o mo le cules, 9, (2019),
105.

3. S. Jan sen, K. Mel ko vá, Z. Tro ša no vá, K. Ha ná ko vá, M. Za -
chrd la, J. No vá èek, E. Župa, Z. Zdrá hal, J. Hritz, L. Žídek,  
J. Biol. Chem., 292, (2017), 6715–6727

This study was sup ported by the Czech Sci ence Foun da tion 
(grant 20-12669S) and CIISB re search in fra struc ture pro -
ject LM2018127 funded by MEYS CR is grate fully ac -
knowl edged for the fi nan cial sup port of the mea sure ments
at the Josef Dadok Na tional NMR Centre.
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14-3-3 pro teins be long to evolutionarily highly con served
fam ily of reg u la tory pro teins which reg u late a va ri ety of bi -
o log i cal pro cesses by bind ing to spe cific phosphorylated
mo tif of their bind ing part ners [1]. One of sev eral hun dreds 
of 14-3-3 pro tein bind ing part ners is ubiquitin ligase
Nedd4-2 (NEDD4L), whose role is ubiquitination of var i -
ous ion chan nels and mem brane trans port ers [2]. The
best-de scribed ex am ple is the reg u la tion of the ep i the lial
so dium chan nel (ENaC), which with its ac tiv ity in the dis -
tal re nal tu bule, con trib utes to main tain ing Na+ ho meo sta -
sis of the whole or gan ism. Mu ta tions of Nedd4-2 gene are
as so ci ated with de vel op men tal dis or ders, hy per ten sion and 
ep i lepsy. Dysregulation of Nedd4-2 in mice also leads to
re spi ra tory, re nal, car diac, and neu ral dis or ders and neg a -

tively af fects the im mune sys tem [3–8]. Phosphorylation of 
spe cific serine and/or threonine res i dues al lows the bind ing 
of 14-3-3 pro teins, which re sults in the in hi bi tion of in ter -
ac tion be tween Nedd4-2 and its sub strate [9].  How ever,
the struc tural na ture of the mech a nism of reg u la tion by
14-3-3 pro tein has not been elu ci dated yet. 

We have ex pressed and pu ri fied sta ble con structs of
Nedd4-2 ligase and we con firmed its in ter ac tion with
14-3-3 pro tein in phosphorylation-de pend ent man ner. We
also iden ti fied the amino ac ids in volved in the in ter ac tion
be tween these mol e cules and per formed ini tial bio phys i cal
char ac ter iza tion us ing an a lyt i cal ul tra cen tri fu ga tion and
small an gle X-ray scat ter ing. Our re sults show that:
Nedd4-2186-975 is monomeric and the stoichiometry of
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Nedd4-2186-975:14-3-3h com plex is 1:2 (with pos si ble shift
to 2:2 in high con cen tra tions). The flu o res cence po lar iza -
tion as says with short pep tides of Nedd4-2 con tain ing sin -
gle 14-3-3 bind ing mo tif, in com bi na tion with site-di rected
mu ta gen e sis and na tive TBE elec tro pho re sis, show, that
the key Nedd4-2 res i dues im por tant for the in ter ac tion with 
14-3-3 pro teins are phosphorylated Ser342 and Ser448. We
also crys tal lized the com plex of 14-3-3ãÄC with the pep -
tide con tain ing phosphorylated Ser448 and solved its struc -
ture us ing mo lec u lar re place ment and re fined it at 1.73 C
res o lu tion.

1. J. A. Man ning and S. Kumar, Trends Biochem. Sci., 43,
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Global im pact of an ti bi otic-re sis tant strains of Staph y lo -
coc cus aureus on pa tients’ health is not mit i gated by newly
de vel oped an ti bi ot ics. The phage ther apy is an ef fec tive ap -
proach em ploy ing nat u ral en e mies of bac te ria – bac te rio -
phages – to bat tle the in fec tion [1]. It is cur rently of lim ited
avail abil ity and should be made ac ces si ble to pa tients with
multi-re sis tant bac te rial in fec tions. How ever, cur rent
knowledgebase on Staph y lo coc cus phages, which serves
au thor i ties to ap prove wider use of phage ther apy, is in -
com plete [2]. To in ves ti gate ultrastructure of phage in fec -
tion mech a nism, we em ployed a cryo elec tron to mog ra phy
on a sin gle cell thinned by fo cused ion beam mill ing. Here
we pres ent a snap shot of intracellular en vi ron ment dur ing
lytic cy cle stages of polyvalent Myoviridae phage phi 812
[3, 4] in plank tonic Staph y lo coc cus aureus cell. We show,
that within 15 min utes of in fec tion new phage capsids are
ap par ent on the in ner sur face of cel lu lar mem brane. Af ter
30 min utes in fec tion, the empty, fill ing, and full phage
capsids with or with out con nected tail are as sem bled in
cytosol. In con trast to a widely ac cepted as sump tion on
pre cise tim ing of a phage life cy cle, we show that a con sid -
er able amount of newly formed phage par ti cles is in com -
plete upon lysis.   

In creased re sis tance to treat ment in Staph y lo cocci
caused by a biofilm for ma tion can be ad dressed by use of a
com bined phage-an ti bi otic ther apy [5, 6]. Re search on the
be hav iour of phages in biofilm will pro vide ki netic frame -
works for ap pli ca tion of a com bined ther apy to min i mize
in hi bi tion of a phage com po nent. Here we show, that with
super res o lu tion flu o res cence mi cros copy, we can track
phage par ti cles dur ing in fec tion of na tive S. aureus

biofilm. To track over all phage move ment and de ter mine
the time frame for ap pli ca tion of an ti bi otic, we will use a
light sheet flu o res cence mi cros copy. The na tive biofilm in
a flow-cell set ting will be re corded dur ing in fec tion by la -
belled phages. In or der to min i mize back ground
autofluorescence of growth me dia with ca sein com po nent,
we de vel oped trans par ent de fined min i mal me dia with
com pa ra ble growth ca pac i ties. Char ac ter iza tion of phage
in fec tion dy nam ics can fa cil i tate prog ress in phage ther apy
ap proval and avail abil ity to pa tients with ur gent need of al -
ter na tive ther apy. 

1. Dedrick RM, Guerrero-Bustamante CA, Garlena RA, Rus -
sell DA, Ford K, Har ris K, et al. En gi neered bac te rio phages 
for treat ment of a pa tient with a dis sem i nated drug-re sis tant 
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Epub 2019/05/10. doi: 10.1038/s41591-019-0437-z.
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Ruzickova V, et al. Lytic and genomic prop er ties of spon -
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for up grad ing phage ther a peu tics against staph y lo cocci. 
Sci Rep. 2019; 9(1):5475. Epub 2019/04/04. doi:
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G-quadruplexes (G4) are nu cleic acid sec ond ary struc tures
formed by pla nar ar rays of four guanines (G-quar tets), held 
to gether through Hoogsteen hy dro gen bonds, stack ing one
on each other to gen er ate a non-ca non i cal tetra-he lix. Many 
stud ies re ported their in volve ment in sev eral cel lu lar pro -
cesses, such as gene ex pres sion, DNA rep li ca tion and telo -
mere main te nance. G-rich se quences are en riched in
pro moter re gions of onco genes and at these sites G-quadru -
plex for ma tion has been im pli cated in mod u la tion of gene
tran scrip tion, sug gest ing po ten tial for G4-based anticancer
ther a pies [1].

Whereas it is quite easy to map the dis tri bu tion of pu ta -
tive G-quadruplex form ing se quences (PQS) by in silico
an a lyt i cal tools, the real fold ing prop er ties of these se -
quences are cur rently poorly pre dict able due to the highly
poly mor phic be hav iour of the G4 ar range ments. In deed,
both the nu cleic acid se quence and the en vi ron ment greatly 
af fect the struc ture, sta bil ity and fold ing ki net ics of these
el e ments. Thus, in or der to as sess any po ten tial bi o log i cal
role for these non-ca non i cal DNA struc tures, a de tailed
eval u a tion of the abil ity of these PQS to fold into sta ble G4
is re quired [2].

In this con text, we con sid ered EGFR (Epi der mal
Growth Fac tor Re cep tor) onco gene as a case-study. It en -
codes a re cep tor ty ro sine kinase, which overexpression or

mu ta tions, that make it con sti tu tively ac tive, in duce un con -
trolled cell pro lif er a tion, sur vival, ad he sion, mi gra tion and
dif fer en ti a tion [3]. A bioinformatic search iden ti fied some
G-rich re gions within the EGFR pro moter gene. Here we
ex plore the conformational equi lib ria of one of them, a 30
res i due long se quence lo cated at 272 bp up stream the tran -
scrip tion start site (EGFR-272). By merg ing spec tro scopic
and elec tro pho retic anal y sis per formed on the wild-type se -
quence as well as on a wide panel of re lated mu tants, we
were able to prove that in the pres ence of K+ ions this se -
quence folds into two main G-quadruplex struc tures, pre -
sent ing  par al lel and hy brid to pol ogy. They show
com pa ra ble ther mal sta bil i ties and af fin i ties for the metal
ion and, in deed, they are al ways co-ex ist ing in so lu tion.
The fold ing pro cess is driven by a hair pin oc cur ring in the
do main cor re spond ing to the ter mi nal loop which is an im -
por tant sta bi liz ing el e ment for both the iden ti fied
G-quadruplexes.

1. D. Rhodes, H. J. Lipps, Nu cleic Ac ids Res., 43, (2015),
8627–8637.
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Equistatin from sea anem one be longs to the thyropin (thy -
ro glob u lin type-1-like) pro te ase in hib i tor fam ily. The
equistatin do main 2 (Eqd2) is a po tent in hib i tor of as par tic
pro teas es of cathepsin D type from the pep sin fam ily. We
pre pared and crys tal lized a com plex of re com bi nant Eqd2
with a pro to type cathepsin D-like pro te ase (CatD). Here we 

pres ent the crys tal struc ture of the Eqd2-CatD com plex
solved at 1.7 C solution. This re vealed the ar chi tec ture of
the re ac tive site on Eqd2 with a unique in hib i tory mo tif
against as par tic pro teas es that di rectly tar gets cat a lytic diad 
res i dues. 
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DNA rep li ca tion is es sen tial pre req ui site for suc cess ful cell 
di vi sion. Its ac cu rate and timely ex e cu tion is cru cial for
main te nance of ge nome sta bil ity. At the same time, the in -
teg rity of DNA is con stantly chal lenged by en dog e nous as
well as ex og e nous fac tors that may im pinge on the pro gres -
sion of DNA rep li ca tion by stall ing the rep li ca tion forks.
An in tri cate net work of path ways, col lec tively known as
DNA dam age tol er ance (DDT), op er ates to re start the
stalled rep li ca tion forks. The choice of a par tic u lar path way 
is gov erned by PCNA and its post-translational mod i fi ca -
tions, mainly (poly)ubiquitination and to a lesser ex tent
SUMOylation. PCNA is the key rep li ca tion fac tor that re -
cruits a di verse ar ray of fac tors re quired for both rep li ca -
tion and DDT. Polyubiquitination of PCNA is trig gered at
sites where rep li ca tion forks stall. ZRANB3 is the only ver -
te brate fac tor known to be re cruited these sites. ZRANB3
can act in two modes: it may re model the stalled rep li ca tion
forks thereby pro mot ing by pass of DNA dam age, or it may

ini ti ate DNA re pair by cre at ing a nick on the lead ing strand
ahead of the rep li ca tion fork. The mo lec u lar mech a nism of
the lat ter mode is poorly un der stood. We there fore fo cused
our in ter est on un der stand ing how ZRANB3 nicks DNA
us ing its nuclease do main of HNH type. We de ter mined the 
struc ture of the HNH do main and per formed a de tailed
mutational anal y sis. Ad di tion ally, we stud ied the role that
PCNA has in reg u lat ing the nuclease ac tiv ity both at a
func tional and struc tural level. In ter est ingly, we found that
the HNH do main of ZRANB3 con tains a unique in ser tion
that is es sen tial for its ac tiv ity. More over, we found out that 
PCNA stim u lates the nuclease ac tiv ity of ZRANB3 via a
di rect pro tein-pro tein in ter ac tion. Taken to gether, our data
in di cate that PCNA first re cruits ZRANB3 to its site of ac -
tion, but later plays a distinct role in promoting its nuclease
activity. Importantly, we reveal that a subset of can cer- as -
so ci ated mutations in ZRANB3 abolish its nuclease activit.
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Chaetomium thermophilum is a thermophilic cel lu lose-de -
grad ing fun gus liv ing in soil, dung, and com post heaps. It
flour ishes at higher tem per a tures (be tween 45 – 60 °C) and, 
on that ac count, it is of wide in ter est as po ten tial source of
thermostable en zymes for high-tem per a ture in dus trial pro -
cesses [1]. The sub ject of our study is a novel thermostable
FAD-de pend ent oxidoreductase from Chaetomium
thermo philum var. thermophilum (CtFDO), which is an
extracellular glycoprotein of mo lec u lar mass around 85
kDa.

Here we pres ent a 1.3 C res o lu tion crys tal struc ture of
CtFDO. It be longs to the glu cose-meth a nol-choline
(GMC) oxidoreductase fam ily, mem bers of which share
the two-do main char ac ter, core struc tural el e ments, the
con served N-ter mi nal GxGxxG se quence mo tif char ac ter -
is tic for the Rossmann fold bind ing the ADP moi ety of
flavine ad e nine dinucleotide, and a con served ac tive-site
histidine [2]. A usual fea ture is also a nar row tun nel or a
cleft to the ac tive site pocket con tain ing typ i cally His–His,
or His–Asn ac tive-site pair in the re-face of FAD
isoalloxazine ring [3]. For the first time, the  CtFDO struc -
ture re veals a His–Ser ac tive-site pair in the ac tive-site
pocket ac ces si ble from the ex te rior via a wide open tun nel.
More over the ac tive-site pocket is ex tended by an un usual,
mainly hy dro pho bic, side-cav ity.

The GMC fam ily en zymes catalyse the ox i da tion of pri -
mary and sec ond ary al co hols yield ing al de hydes or ke -

tones. The mea sure ments of CtFDO cat a lytic ac tiv ity with
over 1100 com pounds did not lead to iden ti fi ca tion of any
strongly re act ing sub strate. CtFDO ap pears to be in ac tive
also with com mon sub strates of GMC fam ily en zymes. To
get a better in sight into the pos si ble sub strate moi eties and
their or ga ni za tion, we per formed co-crys tal li za tion and
crys tal lo graphic frag ment screen ing. Five de ter mined
struc tures of com plexes with ar o matic com pounds re veal
the po ten tial sub strate is of more com plex polyaromatic na -
ture.
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STRUCTURE OF T. CASTANEUM STORAGE PROTEIN SOLVED BY
CRYO-ELECTRON MICROSCOPY
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Tribolium castaneum is a world wide pest caus ing dam ages
of food and stored crops. The bee tle be came re sis tant to
many types of in sec ti cides. Hexamerin is the most abun -
dant pro tein in the haemolymph of lar vae and pu pae of
holometabolous in sect. It serves as an amino acid source
dur ing meta mor pho sis. Hexamerin was iso lated from
Tribolium castaneum pu pae and pu ri fied by ion ex change
and gel chro ma tog ra phy. Hexamerin struc ture was re -

solved at res o lu tion of 3.28 C. Hexamerin par ti cle con sists
of 6 protomers or ga nized in D3 sym me try. Each sub unit is
N-glycosylated on Asn187. The glycosylation is lo cated in
the cleft be tween sub units and prob a bly in creases the sta -
bil ity of the whole pro tein. The knowl edge of hexamerin
struc ture might shed light on T. castaneum lifecycle and
po ten tially might en able the de vel op ment of sub stances for
the con trol of this pest.
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STRUCTURAL RELATIONSHIP BETWEEN SUBUNITS OF THE NON-CANONICAL BAF
CHROMATIN REMODELING COMPLEX
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P. Maloy Øezáèová1
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The non-ca non i cal (BRG1/BRM-As so ci ated Fac tor) BAF
com plex is one of the fi nal as sem bly forms of the ma jor class
of ATP-de pend ent SWI/SNF chromatin re mod el ing com -
plexes which are large multi-sub unit com plexes that play a
cru cial role in the dy namic reg u la tion of the chromatin ar chi -
tec ture and DNA ac ces si bil ity in eukaryotic cells [1, 2]. Re -
cent stud ies re vealed the high prev a lent mutational fre quency 
in genes en cod ing for SWI/SNF sub units in over 20% of hu -
man can cers lead ing to per tur ba tions in the com plex for ma -
tion and func tion and pro vid ing strong sup port for their
driv ing role in onco genesis [3, 4, 5]. The non-ca non i cal BAF
com plex was iden ti fied as a vul ner a ble tar get in sev eral
BAF-re lated can cer types as it seems to main tain the
oncogenic gene ex pres sion at re tained mSWI/ SNF sites [6,
7]. In par tic u lar, the com plex-spe cific sub units (Bromo -
domain- con tain ing pro tein 9) BRD9, GLTSCR1 (glioma tu -
mor sup pres sor can di date re gion gene 1) and its paralog
GLTSCR1L (GLTSCR1- like) are sug gested to in take an es -
sen tial role in the com plex func tional as sem bly [8, 9]. The
un der ly ing struc tural mech a nisms and cru cial in ter ac tion
sites within the sub units con trib ut ing to the com plex or ga ni -
za tion and func tion in the cell re main un known. The aim of
the pro posed pro ject is to re veal the mo lec u lar ba sis for the
in ter ac tions be tween the spe cific sub units of the non-ca non i -
cal BAF com plex that might shed light on its bi o log i cal role.
First, we will iden tify the min i mal in ter ac tion re gions within
the in di vid ual pro teins and then per form their de tailed struc -
tural char ac ter iza tion. Our goal is to con struct a de tailed
struc tural map of the hu man non-ca non i cal BAF com plex
that will re li ably pre dict its be hav ior un der patho log i cal con -
di tions. We will use struc tural and bio phys i cal meth ods not
only for de tailed struc tural char ac ter iza tion of the in ter ac tion
net work within the com plex, but also for val i da tion of re sults
in cells. Clar i fi ca tion of the struc tural re la tion ships be tween
the in di vid ual sub units and their in ter ac tion prop er ties un der

nor mal and patho log i cal con di tions will lead to a better un -
der stand ing of the reg u la tion and func tion of the non-ca non i -
cal BAF com plex at the mo lec u lar level and will help to
de sign new ther a peu tic ap proaches.
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