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The de vel op ments of ad di tive car bo hy drate force fields in -
creased the re li abil ity of mo lec u lar dy nam ics (MD) sim u la -
tions of pro tein-car bo hy drate com plexes [1]. The pres ence
of bridg ing Ca2+ ions can, how ever, pose prob lems for
struc tural and en er getic de scrip tion due to quan tum ef fects, 
such as polar is ation and charge trans fer [2, 3]. To over -
come this lim i ta tion, we had de vel oped Ca2+ pa ram e ters
with ef fec tive elec tronic polar is ation for use with ad di tive
force fields [2] and ap plied them to a cal cium-de pend ent
lectin/car bo hy drate com plex whose struc ture we have de -
ter mined crys tal lo graphi cally (Fig. 1) [4]. Such a treat ment
im proved the struc tural de scrip tion of the bind ing site
(Ca2+···Ca2+ dis tance) in submicrosecond MD but an ex -
ten sion to 1.4 µs showed in sta bil i ties in pro tein/car bo hy -
drate in ter ac tions. Thus, a sys tem atic test ing of charge-
group scal ing and use of var i ous wa ter mod els was
launched to de ter mine a uni ver sal pro to col to de scribe re li -
ably  lectin – cal cium –car bo hy drate com plexes by MD. We 
pro pose that such pro to cols will be transferable to
simulations of other charged biomolecular systems. 
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Fig ure 1. The bind ing mode of Lexis x tetrasaccharide complexed to two cal cium ions in the bind ing site of LecB lectin of Pseu do mo -
nas aeruginosa. Di hed ral an gles ã and ÷ of N-acetyl glucosamine which are mon i tored dur ing MD are shown. Ca2+···Ca2+ dis tances
in sev eral MD set ups (clas si cal Ca2+ pa ram e ters - black, red; scaled Ca2+ pa ram e ters – blue, green) are com pared with the crys tal lo -
graphic value (yellow). 
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Sig nal transduction rep re sents the mech a nism by which
cells com mu ni cate and in ter act with the extracellular en vi -
ron ment and each other. Wnt sig nal ing path way is ar gu ably 
one of the most stud ied and dis sected path way, due to its
high level of con ser va tion among spe cies and in volve ment
in a va ri ety of (patho-)phys i o log i cal pro cesses [1]. Yet, the
mo lec u lar events un der ly ing the path way ac ti va tion and
pro gres sion re main mostly elu sive. It has been sug gested
that Di shev elled pro tein (DVL) plays the key role of a sig -
nal ing hub for both ca non i cal and non-ca non i cal Wnt sig -
nal ing branches [2,3]. In par tic u lar, a sin gle DVL do main,
called DEP (DVL, Egl-10, Pleckstrin), was shown to in ter -
act with phospholipid bilayers [4] and Wnt transmembrane
re cep tor, Friz zled [5], trig ger ing DVL re cruit ment to the
plasma mem brane (PM) and cy to plas mic sig nal ing ac ti va -
tion. By means of all-atom Mo lec u lar Dy nam ics sim u la -
tions, we elu ci dated the struc tural de tails re spon si ble for
DEP-PM in ter ac tion and how this event is mod u lated by
mem brane lipid com po si tion and the do main post-
 translational mod i fi ca tions (PTMs). Our re sults sug gest
that the re cently iden ti fied phosphorylation sites on DEP

do main [6] do not act as sim ple elec tro static mod u la tors but 
rather make the in ter ac tion en vi ron ment de pend ent.
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In ter ac tions be tween pro teins and their small mol e cule lig -
ands are of great im por tance for the pro cess of drug de sign.
Here we pres ent our re cent study, an un bi ased mo lec u lar
dy nam ics sim u la tion of sys tems con tain ing hevein do main
(HEV32) with N-acetylglucosamine mono-, di- or tri -
saccharide [1]. Car bo hy drate mol e cules were placed out -
side the bind ing site. Three of six sim u la tions (each 2 ìs)
led to bind ing of a car bo hy drate ligand into the bind ing
mode in agree ment with the experimentally de ter mined
struc ture. Un bind ing and an other bind ing was ob served in
one sim u la tion (monosaccharide). There were no re mark -
able in ter me di ates of bind ing for mono and disaccharide.
Trisaccharide bind ing was ini ti ated by for ma tion of car bo -

hy drate-ar o matic CH/p in ter ac tions. Our re sults in di cate
that bind ing of lig ands fol lowed the model of con -
formational se lec tion be cause the con for ma tion of the pro -
tein ready for ligand bind ing was ob served be fore the
bind ing. Re sults of es sen tial dy nam ics also sup port the
model of conformational se lec tion. This study ex tends the
con cept of dock ing by dy nam ics on car bo hy drate-pro tein
in ter ac tions.
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Elec tron trans fer (ET) in bi o log i cal sys tem such as re dox
pro teins usu ally un der goes by in co her ent elec tron-hop ping 
mech a nism de scribed by Marcus the ory. Within this the o -
ret i cal frame work the free en ergy sur faces of the ini tial and
fi nal states are par a bolic and the free en ergy bar rier for ET

is fully de ter mined by the driv ing force DG and the re or ga -

ni za tion free en ergy l. The the ory is valid as far as dis tri bu -

tion of the ver ti cal en ergy gap DE fluc tu a tions is Gaussi an
and the phase space is sam pled with Boltzmann dis tri bu -
tion on the time scale of the ET pro cess, mean ing that the
sys tem must be ergodic.

How ever, it has been sug gested in lit er a ture that
heme-con tain ing cytochrome c, due to its slow mo lec u lar
mo tions and large ani so tropy in polarizability of the its ac -
tive site, op er ates in ergodicity-break ing re gime vi o lat ing
the Marcus the ory. This would lead to large im bal ance be -

tween Stokes-shift re or ga ni za tion free en ergy lst and

variational re or ga ni za tion free en ergy lvar re lated to ther -
mal fluc tu a tions of the ver ti cal en ergy gap, and, as a re sult,
to con sid er ably lower free en ergy bar rier for ET. Yet, by
ap ply ing var i ous sam pling tech niques in volv ing high-level 
QM/MM cal cu la tions with the whole cytochrome ac tive
site treated by DFT with elec tro static em bed ding, we were
not able to re pro duce such be hav ior. 

By de tail anal y ses of ex ten sive mo lec u lar dy nam ics
(MD) tra jec to ries and de com po si tion of re or ga ni za tion
free en ergy to its po ten tial and elec tric-field con tri bu tions
we show that due to the align ment of in trin sic elec tric-field
vec tor to di rec tion of the larg est polarizability, the cal cu la -
tions are ex tremely sen si tive to the field dis tri bu tion. How -

ever, both lst and lvar con verge to the same value in ac cord
with the Marcus the ory. There fore, the free en ergy bar rier
low er ing lead ing to fast ET ki net ics ob served ex per i men -
tally is more-likely caused by elec tronic po lar iza tion of the
en vi ron ment, rather than ergodicity break ing.
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