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ques tions an swered. Data was col lected with pixel size of
0.75C, us ing ab er ra tion free im age shift (AFIS) tech nol ogy 
for less than 4 hours and pro cessed us ing Relion 3.1 [3].
The data was col lected us ing Thermo Sci en tific™ EPUTM

soft ware with pre-de fined set tings, were a new func tion al -
ity in EPU was used – to au to mat i cally checks and re fines
op ti cal align ments and pro vides sys tem sta tus for
high-qual ity data ac qui si tion. 

All these new fea tures that are in tro duced within the
Tun dra Cryo-TEM to achieve rel e vant res o lu tion of their
bi o log i cal sam ples while keep ing an ac ces si ble price point. 

This would make cryo-TEM ac ces si ble to many sci en tists
across all life sci ence branches. 
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Un der stand ing pro tein-ligand bind ing in atomistic de tails
is key to suc cess in struc ture-based drug de sign. I will dis -
cuss two re cent ap proaches: i) ef fec tive elec tronic po lar iza -
tion scheme for clas si cal mo lec u lar dy nam ics (MD) [1] and 
ii) parametrized semiempirical quan tum me chan ics
(SQM)-based scor ing func tion [2, 3]. The for mer method
in cludes polar is ation in clas si cal ad di tive force fields via
charge scal ing. We have shown its power in cor rect struc -
tural de scrip tion of the bridg ing Ca2+ ions in lectin/car bo -
hy drate com plex (Fig. 1A, B) [1].

A uni ver sal method, which in cludes also other quan tum 

ef fects, such as charge trans fer or s-hole bond ing, is quan -

tum me chan ics. We have de vel oped an SQM-based scor -
ing func tion which, due to its chem i cal gen er al ity, out per -
forms stan dard ac a demic and com mer cial pack ages in
sam pling, rank ing and vir tual screen ing. In sum mary, de -
vel op ing and ap ply ing phys i cally cor rect mod els of pro -
tein-ligand bind ing heads to ward an un ri valled qual i ta tive
and quan ti ta tive en hance ment of the pre dic tive power of
com puter-aided drug de sign.  

1. M. Lepsik, et al. In duc tion of rare con for ma tion of
oligosaccharide by bind ing to cal cium-de pend ent bac te rial

Fig ure 1. Struc ture of Apoferritin pro tein de ter mined at 100 keV. a) 3D re con struc tion of apoferritin at 2.6C res o lu tion, b) Gold-stan -
dard FSC plot cor re spond ing to the cal cu lated map, show ing the cor re la tion be tween the phase-ran dom ized (red), un masked (green) and

masked (blue) half-maps, c) Elec tron den sity of the 2.6 C res o lu tion map show ing the apoferritin a-he lix
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In its cur rent form, the DNATCO web ser vice pri mar ily
per forms as sign ment of nu cle o tide con form ers classes
(NtCs) to dinucleotides in nu cleic acid struc tures and struc -
ture val i da tion. While some func tion al ity for NtC-aware
struc ture mod el ling and re fine ment is avail able, it is cur -
rently rather ru di men tary and de pends on ex ter nal tools
that have to be used sep a rately out side DNATCO. The
main goal of the “ReDNATCO” (place holder name) is to

ex pand the func tion al ity of DNATCO to make it a use ful
and con ve nient tool for struc tural re fine ment as well.
In this talk we will pres ent an over view of the cur rent and
planned fea tures. Most im por tantly, we hope to get in -
volved with other crys tal log ra phers to dis cuss how they do
things and seek col lab o ra tions to make sure that the new
DNATCO pro vides the nec es sary func tion al ity and user
con ve nience.

Fig ure 1. A. L-Fucose bind ing to two cal cium ions in LecB lectin (PDB: 7PRG). B. Ca2+···Ca2+ dis tances from MD with stan dard Ca2+

pa ram e ters (black, red) and scaled-charge pa ram e ters (blue, green) com pared with the crys tal value (yel low). C. The ac tive site of
metalloprotein (brown rib bon) with Zn2+ (yel low) and thiolate (S-) group of ligand. Noncovalent in ter ac tions are shown as dotted lines.
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Cell mem branes are multicomponent semipermeable
bilayers pro vid ing se lec tive trans port of mol e cules be -
tween the cell and its sur round ings. Only cer tain classes of
mol e cules are able to pass di rectly through the hy dro pho -
bic core of the mem brane, the trans port of other mol e cules
can be cat a lyzed by transmembrane pro teins. One of such
pro teins are scramblases which fa cil i tate the translocation
of lipids be tween in di vid ual mem brane leaf lets [1].

We hy poth e size that scramblases and pro teins with
sim i lar prop er ties could also en hance mem brane
translocation of other amphiphilic mol e cules, such as
antimicrobial or cell-pen e trat ing pep tides [2, 3].

Us ing coarse-grained mo lec u lar dy nam ics sim u la tions
with free en ergy cal cu la tions, we sys tem at i cally study and
iden tify prop er ties of transmembrane pro teins lead ing to
max i mal en hance ment of pep tide translocation across
phospholipid mem branes. We show that the op ti mal
translocation-en hanc ing pro teins con tain i) hy dro philic
res i dues form ing con tin u ous and com pact patch, ii)

charged res i due(s), pref er a bly po si tioned in the pro tein
cen ter, and iii) large ar o matic res i dues. Fur ther more, we re -
veal that the translocation en hance ment orig i nates from i)
mem brane dis rup tion caused by the pro tein and ii) sta bi liz -
ing enthalpic in ter ac tions be tween the pro tein and the
translocating pep tide.
Our re sults dem on strate that nat u rally occuring
scramblases or de novo de signed pro teins or pep tides could 
be used for more ef fi cient trans port of amphiphilic pep tides 
into cells. This opens the pos si bil ity of de vel op ing a
drug-de liv ery sys tem by mix ing a pep tide-based drug with
translocation-enhancer that would in te grate into the mem -
brane.

1. H. M. Hankins, R. D. Baldridge, P. Xu, T. R. Gra ham.
Traf fic, 16, (2015), 35-47.

2. J. Wang, X. Dou, J. Song, Y. Lyu, X. Zhu, L. Xu, W. Li,
A. Shan. Med Res Rev., 39, (2019), 831-859.

Fig ure 1. Free en ergy pro files of a se lected amphiphilic pep tide translocating through the mem brane along var i ous transmembrane pro -
teins. As the translocation-en hanc ing prop er ties of the transmembrane pro tein in crease, the free en ergy bar rier of pep tide translocation
de creases. The mech a nism of pep tide translocation along the transmembrane pro tein is sche mat i cally de picted below the chart.
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Multiheme cytochromes are re dox-ac tive pro teins that can
ef fi ciently trans fer elec trons over bi o log i cal mem branes.
Elec trons flow through such pro teins by se quen tial, ther -
mally ac ti vated hops be tween the heme co factors and their
iron cat ions, fol low ing the Marcus the ory of elec tron trans -
fer. How ever, ex per i men tal mea sure ments on the
cytochrome-based junc tions be tween metal con tacts in
vac uum yielded cur rents of rel a tively high mag ni tudes but
prac ti cally no tem per a ture de pend ence [1]. These ob ser va -
tions sug gested that elec trons could co her ently tun nel
through the pro tein struc tures on their way from one elec -
trode to an other [2]. Yet, the ef fi ciency of the tun nel ing
mech a nism is known to de cay ex po nen tially with the dis -
tance and can not ex plain trans port through ex traor di nary
wide junc tions.

In the pre sented the o ret i cal study of stacked
small-tetraheme cytochrome (STC) junc tions be tween the
gold elec trodes, we in ves ti gate the dis tance and
band-align ment de pend en cies of these two mech a nisms us -
ing DFT cal cu la tions and cur rent-volt age curve mod el ing.
We show that the sig nif i cant po ten tial drop on the pro -
tein/metal in ter face se verely hin ders the in co her ent
hop ping and sup ports the off-res o nant tun nel ing as the 

trans port mech a nism. How ever, these two fun da men tally
dif fer ent mech a nisms be gin to be com pet i tive, or their
pref er ence is even swapped, as the pro tein states are
brought closer to the elec trode Fermi level. There fore, the
spe cific de sign of the pro tein/metal con tacts or ap pli ca tion
of a gate po ten tial con trol ling the pro tein elec tronic lev els
could dras ti cally af fect how elec tronic charges pass
through the re dox pro teins in nanoelectronic de vices. 

[1] Garg, K. et al.: Di rect Ev i dence for Heme-As sisted
Solid-State Elec tronic Con duc tion in Multi-Heme c-Type

Cytochromes. Chem. Sci. 9, 7304-7310, 2018.

[2] Futera, Z. et al.: Co her ent Elec tron Trans port across a 3 nm 

Bioelectronic Junc tion Made of Multi-Heme Pro teins. J.
Phys. Chem. Lett. 11, 9766-9774, 2020.

Fig ure 1. (a) DFT model of STC junc tion be tween gold elec trodes. (b) Pre dicted cur rent mag ni tudes us ing in co her ent hop ping and
co her ent tun nel ing mod els un der res o nant and off-res o nant con di tions.
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Among the var i ous es sen tial el e ments in biocatalysis,
metalloproteins play a spe cific role by catalysing re ac tions
that would not oc cur un der phys i o log i cal con di tions. The
pres ence of metal ions is cru cial for the ox i da tion/re duc tion 
pro cesses, elec tron trans fer, spin-for bid den re ac tions and
‘dif fi cult re ac tions’, such as N2, O2, C–H bond cleav age (or 
for ma tion). These pro cesses are in ti mately in volved in the
fun da men tal el e ments of life, e.g. res pi ra tion and pho to -
syn the sis. Enor mous ef forts, both ex per i men tal and the o -
ret i cal, have been ex erted to un der stand the struc ture and
func tion of metalloproteins. While ex per i ments (e.g.,
X-ray crys tal log ra phy, var i ous spec tro scopic tech niques,
elec tro chem is try) are cru cial in ini tial phases of our un der -
stand ing to a par tic u lar sys tem, the o ret i cal cal cu la tions
com ple ment these data by pro vid ing a unique one-to-one
struc ture-en ergy map ping. [1] On an ex am ple of a

multi-cop per oxidase, [2-5] and non-heme diiron D9-desa -
tu rase, [6,7] I will dem on strate that by cor re lat ing ex per i -
men tal and the o ret i cal data, the re ac tion mech a nisms of
bioinorganic sys tems can be fully elu ci dated. This may
even tu ally lead to a for mu la tion of pow er ful and qual i ta -

tive con cepts gov ern ing cat a lytic pro cesses in volv ing hy -
dro gen-atom trans fer re ac tions. [8]
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   Fig ure 1. Ac tive Site(s) of Multi-Cop per Oxidases. Fig ure 2. Cat a lytic Cy cle of D9-desaturase.
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Beckman Coul ter Life Sci ences launches the EMnetik Sys -
tem to semi-au to mate workflows for EMnetik PCR
Cleanup Kit and EMnetik Plasmid Pu ri fi ca tion Kit. These
kits use rev o lu tion ary mag netic bead-based tech nol ogy to
clean nu cleic ac ids. The small pow er ful bench top in stru -
ment – Emnetik 24 can run 1 to 24 sam ples at a time, use
elec tro mag nets to mix and sep a rate mag netic beads and

nav i gates user dis play ing in di vid ual steps of the pro to col
on its screen. Touchpoints to com plete PCR cleanup are
sig nif i cantly re duced by up to 80% com pared to lead ing
spin-col umn prod ucts. There fore 24 sam ples can be pro -
ceeded in only 16 min utes.
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Fig ure 1. EMnetik 24 in stru ment and kits


