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Car bonic anhydrases (CAs) play im por tant roles in many
phys i o log i cal and pathophysiological pro cesses. For ex -
am ple, extracellular CAs par tic i pate in tu mor growth and
pro gres sion. CAIX, which is se lec tively ex pressed in a
range of hypoxic tu mors, is a val i dated di ag nos tic and ther -
a peu tic tar get (re cently re viewed in [1–3]). There are 15
hu man CA isoenzymes, and due to the ubiq uity of these en -
zymes in hu man tis sues, se lec tive in hi bi tion is a very im -
por tant as pect of drug de sign.

Mech a nism of the in hi bi tion was elu ci dated for pa ter -
nal com pounds by solv ing crys tal struc ture of the CA-IX
like in com plex with these in hib i tors. The CA-IX-like en -
zyme has the ac tive site anal o gous to CA-IX thank ing to
site di rected mu ta gen e sis of CAII and thus be haves as
CAII, it means that crys tal lizes very well. These X-ray
struc tures proved spe cific bind ing of the clus ter com -
pounds in the ac tive site of CA-IX and they re vealed the
key in ter ac tions, which are re spon si ble for bind ing and in -
hi bi tion at mo lec u lar level. Crys tal struc tures were solved
for CA-IX-like en zyme in com plex with all es sen tial types
of carborane and (metalla)carborane in hib i tors with both, 
sulphamide and sulphonamide func tional group, sev eral of
them with atomic res o lu tion. The struc tural in for ma tion
has been is con sec u tively ex ploited for design of
structurally optimized generations of inhibitors.

The study is sup ported by the Czech Sci ence Foun da tion
(GA CR) grant no. 15-05677S.
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Blue multicopper oxi das es (MCOs) in clud ing bil i ru bin
oxidase are en zymes cat a lyz ing ox i da tion of a sub strate ac -
com pa nied by four elec tron re duc tion of mo lec u lar ox y gen
to two mol e cules of wa ter. Elec trons taken from the sub -
strate are trans ported from the ox i da tion cen ter, con tain ing
cop per ion as an elec tron ac cep tor, through a highly con -
served mo tive – cysteine-histidine bridge to a re duc tion
cen ter, where they are uti lized for ox y gen re duc tion [1]. 

Bil i ru bin oxidase from plant patho gen Myrothecium
verrucaria (MvBO, EC 1.3.3.5) cat a lyzes ox i da tion of a
great va ri ety of com pounds (e.g. bil i ru bin to biliverdin)
with the use of ox y gen as a sec ond sub strate, where no hy -
dro gen per ox ide co mes out of the re ac tion. There fore, it is
in ter est ing for many in dus trial ap pli ca tions such as pulp
bleach ing, delignification or de vel op ment of biosensors
and experimental biofuel technology [2].

Al though the com plete crys tal struc ture of MvBO has
been al ready pub lished (PDB code: 2XLL [3], 3ABG [4]),
the mech a nism of sub strate bind ing and the way of the

elec tron trans port from sub strate to the ox i da tion cen ter
still need ex pla na tion. On the ba sis of our lat est re sults, we
are able to sug gest pos si ble ways of elec tron trans fer from
the sub strate to the ox i da tion cen ter.

1. D. J. Kosman, J. Biol. Inorg. Chem., 15, (2010), 15-28.

2. K. Otsuka, et al. Analyt. Bio chem is try, 370, (2007), 98-106.

3. J. A. Cracknell, et al., Dal ton Trans, 40, (2011),
6668-6675.

4. K. Mizutami, et al., Acta Cryst., F 66, (2010), 765-770.
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SIMULATIONS AND BIOPHYSICAL METHODS

Ondrej Cehlár1,2, Rostislav Škrabana1,2, Mária Janubová2, Radovan Dvorský3, 
Michal Novák1,2

1Inst.of Neuroimmunology, Slo vak Acad emy of Sci ences, Dubravska cesta 9, 845 10 Bratislava, Slovakia
2Axon Neu ro sci ence SE, Dvorakovo Nabrezie 10, 811 02 Bratislava, Slovakia

3In sti tute of Bio chem is try and Mo lec u lar Bi ol ogy II, Hein rich-Heine Uni ver sity, Düsseldorf, Ger many

Tau is an in trin si cally dis or dered pro tein (IDP) im pli cated
in Alz hei mer’s dis ease. Un der phys i o log i cal con di tions,
tau as so ci ates with microtubules and reg u lates their dy -
nam ics, whereas dur ing the pro gres sion of neuro de ge -
neration tau dis so ci ates from microtubules, misfolds and
cre ates de pos its in the brain tis sue. To un ravel the
conformational prop er ties of microtubule bind ing tau se -
quence lo cated in its proline rich re gion 214Ser-231Thr the
monoclonal an ti body Tau5 with epitope in this re gion was
used as a tau pro tein sur ro gate bind ing part ner. We have
de ter mined the con for ma tion of 16 amino acid tau pep tide
bound in an ti body com bin ing site. The sta bil ity of this
X-ray ob served con for ma tion was probed by mo lec u lar dy -
nam ics sim u la tion. The sim u la tion re sults were com pared
with the re sults ob tained for a pep tide with mu ta tion

T220A that has shown de creased af fin ity for Tau5 an ti -
body in bio phys i cal mea sure ments. 

To this end we have per formed un re strained MD sim u -
la tions with 9 amino acid long tau pep tide
218PPTREPKKV226 that con tains all res i dues that are in
con tact with an ti body paratope in the X-ray struc ture of the
com plex, for both wild type and mu tated pep tide.

This work was sup ported by the Slo vak Re search and De -
vel op ment Agency un der the con tract No. LPP-0038-09
and by VEGA grant 2/0177/15. 

1. Cehlar O, Skrabana R, Kovac A et al. Crys tal li za tion and
pre lim i nary X-ray dif frac tion anal y sis of tau pro tein
microtubule-bind ing mo tifs in com plex with Tau5 and
DC25 an ti body Fab frag ments. Acta Crystallographica
Sec tion F-Struc tural Bi ol ogy and Crys tal li za tion Com mu -
ni ca tions 2012; 68: 1181-1185.
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Mem bers of the S1-P1 nuclease fam ily (Pfam PF02265)
play im por tant roles (e.g. scav eng ing of nu tri ents, spe cific
apoptotic func tions, and patho gen/symbiont – host in ter ac -
tions) in fungi, plants, sin gle cell eukaryotes and some bac -

te ria. Usu ally they are a-he li cal pro teins with a trinuclear
Zn2+ clus ter in the cen ter of the sur face groove. The fold is
sta bi lized by two or more disulfide bridges. Sev eral oli go -
sac cha rides bonded on the sur face serve pri mar ily as a
shield ing of the hy dro pho bic re gions and there fore con trib -
ute to sol u bil ity and sta bil ity. These en zymes act as
phosphodiesterases cleav ing the bond be tween phos pho rus 
and the 3’ hydroxyl group. Hy dro ly sis of the phospho -
diester bond is per formed by a nucleophilic at tack of the
ac ti vated wa ter (hy drox ide) mol e cule fol lowed by cre ation
of a penta-co or di nated tran si tion state and its breakup into
the prod ucts. Mem bers of this fam ily are ei ther bi -
functional (cleave both sin gle stranded and dou ble
stranded forms of DNA and RNA) or sin gle strand-spe -
cific. All the stud ied mem bers of this fam ily have also the
3’-nucleotidase ac tiv ity. 

The ac tive site of the S1-P1 nuclease fam ily mem bers is 
com posed of two dis tinc tive parts. The cat a lytic zinc clus -
ter is re spon si ble for bind ing of the phos phate moi eties. An

ad ja cent pocket serves as a nucleobase bind ing site. Ligand 
bind ing is also af fected by the amino ac ids in close prox im -
ity of the ac tive site. Even though struc tures of three mem -
bers of the S1-P1 nuclease fam ily are known [1, 2, 3], these
struc tures con tain only few lig ands in the ac tive site. Our
study of a fun gal nuclease sig nif i cantly broad ens our un -
der stand ing of the ligand bind ing prop er ties of this fam ily
and shows the ac tive site flex i bil ity and existence of yet
unexpected binding modes.

This work is sup ported by the pro ject „BIOCEV – Bio tech -
nol ogy and Biomedicine Cen tre of the Acad emy of Sci ences 
and Charles Uni ver sity (CZ.1.05/1.1.00/02.0109), from
the ERDF and by the Min is try of Ed u ca tion, Youth and
Sports of the Czech Re pub lic (grant No. LG14009).
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Na+/K+-ATPase (so dium pump) plays a priv i leged role in
the me tab o lism of all an i mal cells. It main tains the rest ing
value of plasma mem brane po ten tial and cre ates a gra di ent
of so dium ions that is es sen tial for func tion of nu mer ous
sec ond ary ac tive trans port ers. Con se quently, in hi bi tion of
this en zyme can re sult in var i ous dis eases, such as hy per -
ten sion, re nal fail ure or di a be tes, to name just few.

Styrylpyrimidium dye RH421 (N-(4-sulphobutyl)-
 4-(4- (p-dipentylaminophenyl)-butadienyl)-pyrimidium in -
ner salt) be came one of the most im por tant tools for mon i -
tor ing of Na+/K+-ATPase ki netic. It has been used in

sev eral lab o ra to ries for char ac ter iza tion of ion bind ing and
translocation of ions across the mem brane. The RH421 dye 
re sponds to changes of elec tric charge within the mem -
brane di elec tric and it is able to de tect charge move ments
as so ci ated with cat ion bind ing and dis so ci a tion at the
extracellular and cy to plas mic sur faces of the pro tein. It was 
found that this probe spe cif i cally re sponded to the
translocation of the third so dium ion by Na+/K+-ATPase.
How ever, struc tural de tails of in ter ac tion be tween RH421
and Na+/K+-ATPase are still unclear.
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We used six sin gle-tryptophan mu tants to iden tify the
bind ing site in FRET ex per i ments. They re vealed that
RH421 binds di rectly into the ATP-bind ing site. This con -
clu sion was fur ther sup ported by re sults from mo lec u lar
dock ing and by com pet i tive ex per i ments us ing ATP. Ex -

per i ments with pro tein/DPPC mix ture re vealed that RH421 
can bind to both pro tein and lipids, but only the for mer in -
ter ac tion was influenced by the presence of ATP.

 This work was sup ported by the grant LO1204 from the
Na tional Pro gram of Sustainability I.

Friday, March 18, morning, Ses sion IV

L15

AFFINITY. STABILITY. CONFORMATION.

Piotr Wardega

NanoTemper Tech nol o gies, GmbH, Flößergasse 4, 81369 München, Ger many

MicroScale Thermophoresis (MST) is a pow er ful tech -
nique to quan tify  biomolecular in ter ac tions. It is based on
thermophoresis, the di rected move ment of mol e cules in a
tem per a ture gra di ent, which strongly de pends on a va ri ety
of mo lec u lar prop er ties such as size, charge, hydration
shell or con for ma tion. Thus, this tech nique is highly sen si -
tive to vir tu ally any change in mo lec u lar prop er ties, al low -
ing for a pre cise quan ti fi ca tion of mo lec u lar events
in de pend ent of the size or na ture of the in ves ti gated spec i -
men. When per form ing a MST ex per i ment, a tem per a ture
gra di ent is in duced by an in fra red la ser. The di rected move -
ment of mol e cules through the tem per a ture gra di ent is de -
tected and quan ti fied us ing ei ther co va lently at tached or
in trin sic fluorophores. By com bin ing the pre ci sion of flu o -
res cence de tec tion with the vari abil ity and sen si tiv ity of
thermophoresis, MST pro vides a flex i ble, ro bust and fast
way to dis sect mo lec u lar in ter ac tions.

NanoDSF is our ad vanced Dif fer en tial Scan ning
Fluorimetry tech nol ogy. It de tects small est changes in the
flu o res cence of tryptophan pres ent in vir tu ally all pro teins.
The flu o res cence of tryptophans in a pro tein is strongly de -
pend ent on its close sur round ings. By fol low ing changes in 
flu o res cence, chem i cal and ther mal sta bil ity can be as -
sessed in a truly la bel-free fash ion. The dual-UV tech nol -
ogy by NanoTemper al lows for rapid flu o res cence
de tec tion, pro vid ing an un matched scan ning speed and
data point den sity. This yields an ul tra-high res o lu tion un -
fold ing curves which al low for de tec tion of even min ute
un fold ing sig nals. Fur ther more, since no sec ond ary re -
porter fluorophores are re quired as in con ven tional DSF,
pro tein so lu tions can be an a lyzed in de pend ent of buffer

com po si tions, and over a con cen tra tion range of 250 mg/ml 
down to 5 µg/ml. There fore, nanoDSF is the method of
choice for easy, rapid and ac cu rate anal y sis of pro tein fold -
ing and sta bil ity, with ap pli ca tions in membrane protein
research, protein engineering, formulation development
and quality control.

The sur face acous tic wave tech nol ogy (SAW) al lows
for an in-depth anal y sis of mo lec u lar in ter ac tions in real
time. Bind ing ki net ics can be pre cisely de ter mined by de -
tect ing mass and bind ing-in duced conformational changes. 
In ad di tion to stan dard in ter ac tions, vis cous, col ored and
tur bid sam ples can be an a lyzed, and also com plex sam ples
in clud ing mem brane prep a ra tions can be in ves ti gated. The
SAW tech nol ogy mea sures changes in mass and con for ma -
tion sep a rately, thus pro vid ing new in sights to mech a nisms 
of bind ing in ad di tion to the bind ing ki net ics (kon, koff and 
the dis so ci a tion con stant Kd) and stoichiometry. SAW is
based on the pre cise de tec tion of the prop er ties of sur face
acous tic waves that travel along the bio sen sor. Upon in ter -
ac tion with mol e cules on the sen sor sur face, dis tinct char -
ac ter is tics of the acous tic waves are al tered; changes in
to tal mass on the bio sen sor re sult in a shift of the wave’s
phase pro vid ing in for ma tion about the on- and off-rates, as
well as the stoichiometry of the in ter ac tion. Si mul ta neously 
a change in flex i bil ity of the mol e cules al ters the wave’s
am pli tude. This di rectly re flects changes in the con for ma -
tion of the mol e cules, e.g. af ter bind ing to com pounds.Both 
sig nal types are de tected and quan ti fied sep a rately, and can
be used to comprehensively characterize the interaction
mechanism of the molecules on a kinetic and structural
level.


