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In this talk, we pres ent a method to sim u late pro tein sys -
tems within an ex per i men tal en sem ble de rived from the
Pro tein Data Bank (PDB). Af ter the col lec tion of data over
a non-re dun dant set of over 24,000 high res o lu tion pro tein
X-ray struc tures and the anal y sis of the ra dial dis tri bu tion
func tions (RDF) g(r), we used the cor re spond ing po ten tial
of mean force (PMF) w(r) to ac cel er ate MD sim u la tions of
pro teins,  while the un der ly ing forcefield is cor rected at the
same time. Af ter a struc tural anal y sis of the PMF-data,
where we iden ti fied col lec tive prop er ties of groups of
aliphatic, hy dro philic and ar o matic aminoacids, we val i -
dated our method in sim u la tions of di-pep tides based on
dialanine and com pared the re sults with path-sam pling
sim u la tions. We found a de pend ency from the po si tion of
the al ter nat ing res i due and the chem i cal con fig u ra tion of

the sidechain of the aminoacid next to Ala. A com par i son
of PMF-based sim u la tions us ing dif fer ent AM -
BER-forcefields leads to ap prox i mately iden ti cal free en -
ergy par ti tions in de pend ent from the choice of the
forcefield. We con tin ued with sim u la tions of mu tated
penta- alanines with 5 dif fer ent point-mu ta tions, where we
ob served that a N-ter mi nal mu ta tion had the larg est ef fect
on the free en ergy land scape of the pep tide. In an ap pli ca -
tion of our ap proach, we ap plied our meth od ol ogy in fold -
ing-sim u la tions of TrpCage and ob served that the
PMF-based sam pling sig nif i cantly im proves the de scrip -
tion of struc tural con form ers along the fold ing path way of
this pep tide. Fi nally, we give a per spec tive on the ap pli ca -
tion of g(r)-data from the PDB for the ac cel er ated sim u la -
tion of DNA-con form ers and pro tein-DNA complexes.
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Amino acid res i dues man i fest ing high lev els of con ser va -
tion are of ten in dic a tive of func tion ally sig nif i cant re gions
of pro tein struc tures. Res i dues crit i cal for pro tein fold ing,
hy dro pho bic core sta bi li za tion, intermolecular rec og ni tion, 
or en zy matic ac tiv ity of ten man i fest lower mu ta tion rates
com pared to the rest of the pro tein. Quan ti ta tive as sess -
ment of res i due con ser va tion typ i cally in volves que ry ing a
se quence against a da ta base, find ing sim i lar se quences,
align ing them to bring equiv a lent po si tions into reg is ter,
and ap ply ing an in for ma tion the ory-based mea sure to in di -
vid ual col umns in the mul ti ple se quence align ment. Un der -
stand ing how the se quence con ser va tion pro file re lates in
3D re quires its projection onto a protein structure, which
can be a time-consuming process.

We de vel oped 3DPatch, a cli ent-side web ap pli ca tion
that sim pli fies the task of cal cu lat ing pro tein se quence in -
for ma tion con tent, 3D struc ture iden ti fi ca tion, and con ser -

Ó Krystalografická spoleènost

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

Fig ure 1. De tail of HIV-1 re verse tran scrip tase in com plex with
an in hib i tor (PDB code 3lp0) marked-up with res i due in for ma -
tion con tent us ing 3DPatch. Higher con ser va tion is in di cated
with darker col ors. Cat a lytic/ligand bind ing pocket res i dues are
clearly dis tin guished based on conservation level.
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va tion level-based mark-up (Fig ure 1). 3DPatch uti lizes the 
power of pro file hid den Markov mod els and speed of
HMMER3.1 to pro vide ac cu rate re sults in a mat ter of sec -
onds. It was de vel oped with easy in te gra tion into other
peo ples’ websites in mind and sup ports most mod ern web

brows ers. 3DPatch is freely avail able at
http://www.skylign.org/3DPatch/.
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The pro tein se quences found in na ture rep re sent a tiny frac -
tion of the po ten tial se quences that could be con structed
from the 20-amino-acid al pha bet. To help de fine the prop -
er ties that shaped pro teins to stand out from the space of
pos si ble al ter na tives, we con ducted a sys tem atic com pu ta -
tional and ex per i men tal ex plo ra tion of ran dom (un -
evolved) se quences in com par i son with bi o log i cal
pro teins. In our study, com bi na tions of sec ond ary struc -
ture, dis or der, and ag gre ga tion pre dic tions are ac com pa -
nied by ex per i men tal char ac ter iza tion of se lected pro teins.

We found that the over all sec ond ary struc ture and
physicochemical prop er ties of ran dom and bi o log i cal se -
quences are very sim i lar. More over, ran dom se quences can 

be well-tol er ated by liv ing cells. Con trary to early hy poth e -
ses about the tox ic ity of ran dom and dis or dered pro teins,
we found that ran dom se quences with high dis or der have
low ag gre ga tion pro pen sity (un like ran dom se quences with 
high struc tural con tent) and were par tic u larly well-tol er -
ated. This di rect struc ture con tent/ag gre ga tion pro pen sity
de pend ence differentiates random and biological proteins.

Our study in di cates that while ran dom se quences can be 
both struc tured and dis or dered, the prop er ties of the lat ter
make them better suited as pro gen i tors (in both in vivo and
in vi tro set tings) for fur ther evo lu tion of com plex, sol u ble,
three-di men sional scaf folds that can per form spe cific bio -
chem i cal tasks.
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Large num ber of pro teins are form ing homodimers. Here,
we are pre sent ing ex per i men tal and com pu ta tional tools for 
the char ac ter iza tion of sta ble homodimers in terms of bio -
phys i cal and struc tural prop er ties of the dimer dis so ci a tion. 
First, flu o res cence as says an a lyzed by ad-hoc math e mat i -
cal mod els as pre sented here al low ef fi cient and re li able
de ter mi na tion of ther mo dy namic and ki netic pa ram e ters of
dimer-mono mer equi lib ria. To quan tify mi cro scopic dy -
nam ics be tween mono mers and homodimers, we have de -
signed sen si tive flu o res cent as says based on the Förster
res o nance en ergy trans fer (FRET) and self-quench ing
(SQ) phe nom ena. The ap pli ca bil ity of these ap proaches is
shown here for the de ter mi na tion of dis so ci a tion con stant
(Kd) and dis so ci a tion and as so ci a tion rate con stants (koff

and kon, re spec tively) of 14-3-3z dimer-mono mer equi li b -
ria. The most im por tant bio phys i cal fac tors al ter ing this
equi lib rium are pre sented here. 

Sec ond, com pu ta tional ap proach of Hamiltonian rep -
lica ex change mo lec u lar dy nam ics (H-REMD) com bined
with the dis tance re straints be tween the mono mers is ap -
plied to re veal the struc tural de tails of the homodimer dis -

so ci a tion/as so ci a tion path way. Its ap pli ca bil ity is presen -
ted here for the case of the reg u la tory do main of hu man ty -
ro sine hy drox y lase 1 (RD-hTH1). Next, we an a lyzed the
free en ergy pro file and cal cu lated the bind ing af fin i ties,
and com pared the com pu ta tional re sults with the ex per i -
men tal observations for three prepared human RD-hTH1
constructs.

This work was sup ported by the re search grant from the
Czech Sci ence Foun da tion, grant no. GA. 15-34684L. The
re sults of this re search have been ac quired within CEITEC
2020 (LQ1601) pro ject.
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The au to ma tion of NMR struc ture de ter mi na tion re mains a
sig nif i cant bot tle neck to wards in creas ing the through put
and ac ces si bil ity of NMR as a struc tural bi ol ogy tool to
study pro teins. The chief bar rier cur rently is that ob tain ing
NMR as sign ments at suf fi cient lev els of com plete ness to
ac cu rately de fine the struc tures by con ven tional meth ods
re quires a sig nif i cant amount of spec trom e ter time (sev eral
weeks), and ef fort by a trained ex pert (up to sev eral
months). We have re cently ad dressed both bot tle necks by
pre sent ing a com plete pipe line for NMR struc ture de ter mi -
na tion us ing a min i mal set of NMR spec tra. Key to our ap -
proach was the de vel op ment of 4D-CHAINS al go rithm

that en ables fully au to mated as sign ments of NMR chem i -
cal shifts, at high lev els of com plete ness and with a min i -
mum er ror rate, from only two com ple men tary spec tra. In
com bi na tion with autoNOE-Rosetta, 4D-CHAINS pro -
vides a ro bust ap proach le ver ag ing a highly au to mated pro -
cess to ob tain re li able struc tures in a mat ter of days.
Be sides il lus trat ing the mer its of our pipe line for timely
NMR struc tural stud ies, novel con cepts in au to ma tion will
be dis cussed aim ing to har ness the pow er ful ad van tages of
the next-gen er a tion NMR spec trom e ters with mag netic
strengths of 1.2 GHz.
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Tran sient and fuzzy intermolecular in ter ac tions are fun da -
men tal to many bi o log i cal pro cesses. De spite their im por -
tance, they are no to ri ously un easy to char ac ter ize.
Para mag netic NMR pro vides an op por tu nity to am plify
rather small in di ces of intermolecular in ter ac tions of ten ob -
served with dia mag netic lig ands. Here, we pres ent an in tri -
cate case of a par tially flex i ble pro tein dy nam i cally
in ter act ing with a ligand where data ob tained by stan dard

ap proaches fail to pro vide de tailed struc tural in ter pre ta -
tion.  We dem on strate, that a com bi na tion of para mag netic
NMR ex per i ments, ad vanced quan tum chem i cal cal cu la -
tions and mo lec u lar dy nam ics sim u la tions of fer a route to -
wards struc tural char ac ter iza tion of a class of in hib i tors
based on sub sti tuted metalacarboranes with HIV-1 pro te -
ase.
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