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Atomistic com puter sim u la tions have be come a valu able
tool for un der stand ing the be hav ior of bi o log i cal macro -
molecules at the atomic level. We fo cus on the ri bo some,
one of the most com plex and es sen tial cel lu lar ma chines,
which is re spon si ble for pro tein syn the sis in all known or -
gan isms. The ri bo some sim u la tions are es pe cially help ful
in ad dress ing ques tions about conformational het er o ge ne -
ity and energetics of var i ous ri bo some parts. This way the
sim u la tions com ple ment other bio phys i cal tech niques like
cryo genic elec tron mi cros copy or flu o res cent la bel ing [1,
2]. De spite the prog ress in hard ware and soft ware de vel op -
ment, atomistic sim u la tions of the ri bo some re main chal -
leng ing. The main rea son is the ri bo some size and com plex
chem i cal com po si tions. Still, us ing world-class super com -
put ers, one may gather valu able data in rea son able time.

Over the past few years, we have been us ing mo lec u lar
dy nam ics (MD) sim u la tions to in ves ti gate sev eral ri bo -
some’s crit i cal sites. Namely, we have stud ied the exit tun -
nel through which na scent pro teins leave the ri bo some [3],
the de cod ing cen ter where cor rect tRNAs are rec og nized or 
a por tion of ri bo some sur face where trans la tion fac tors
bind [4]. In the talk, we will high light the re sults of these
pro jects and dis cuss how ef fec tive the com puter sim u la -
tions are in ap proach ing sci en tific ques tions about
biomolecules.
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Fig ure 1: A bac te rial ri bo some with the small sub unit in or ange
and large sub unit in blue. Darker colours rep re sent ri bo somal pro -
teins, ligher is the rRNA. Hy dro gen in blue. Adopted from Ref. 2.



L22

BINDING OF PEPTIDE DEFORMYLASE TO THE RIBOSOME SURFACE MODULATES
EXIT TUNNEL INTERIOR

Hugo McGrath, Michaela Èerneková, and Michal H. Koláø

De part ment of Phys i cal Chem is try, Uni ver sity of Chem is try and Tech nol ogy, Technická 5, 16628 Prague,
Czech Re pub lic

Ri bo somes are the biomolecular fac to ries in charge of pro -
tein syn the sis and are thus es sen tial for life as we know it.
In or der to better un der stand proteosynthesis it is im por tant 
to char ac ter ize the ways in which it is reg u lated. The reg u -
la tory mech a nisms may in volve conformational changes of 
the ri bo some in duced by ex ter nal fac tors pos si bly trans -
ferred over large dis tances. The prin ci ples of this allosteric
com mu ni ca tion be tween dis tant ri bo some parts are not
fully un der stood yet. Com puter sim u la tions rep re sent a
con ve nient tool to study dy namic com plex sys tems in clud -
ing the ri bo some [1]. Here we in ves ti gate pep tide deformy -
lase, an en zyme that binds to the ri bo some sur face near the
ri bo somal pro tein uL22 dur ing trans la tion and mod i fies the 
emerg ing na scent chain, to un der stand how conformational 
mo tion of the ri bo some is af fected by ex ter nal fac tors [2]
(preprint: doi.org/10.1101/2022.04.20.488877).

We have per formed all-atom mo lec u lar dy nam ics sim -
u la tions of the en tire ri bo some. The sim u lated sys tem con -
sists of about 2 mil lion at oms so for the mi cro sec ond-scale
sim u la tions of ours a supercomputing fa cil ity in volv ing
thou sands of CPU cores had to be em ployed.

We an a lyzed these sim u la tions us ing prin ci pal com po -
nent re gres sion, a form of su per vised ma chine learn ing.
The re sults in di cate conformational changes of the ri bo -
somal pro tein uL22 in side the ri bo somal exit tun nel that are 
cor re lated with deformylase bind ing. This sug gests a pos si -
ble ef fect of the deformylase on the na scent pep tide trans -
port through the tun nel.

The re search was sup ported by the Czech Sci ence Foun da -
tion (pro jects 19-06479Y and 23-05557S). MÈ ac knowl -
edges the sup port of the In ter nal Grant Agency of UCT
Prague (pro ject 403-88-2091). We also thank the Max
Planck Com put ing and Data Fa cil ity.
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Fig ure 1.: A: The ri bo some with pep tide deformylase bound to the sur face. B: De tail of bound pep tide deformylase.
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Life sus tain ing pro cess, in clud ing res pi ra tion, pho to syn -
the sis, and var i ous en zy matic cat a lytic ac tiv i ties, rely on
elec tron trans fer re ac tions me di ated by re dox pro teins. One 
such pro tein, cytochrome b562 (cyt b562) found in Esch e -
richia coli, con tains a re dox ac tive heme (Fe2+/3+) co fac tor
bonded to the pro tein ma trix, co or di nated by ax ial histidine 
(His102) and methionine (Met7) lig ands (Fig. 1.). The con -
duc tive prop er ties of sin gle cyt b562 ad sorbed on gold sur -
faces were re cently in ves ti gated us ing Elec tro chem i cal
Scan ning Tun nel ing Mi cros copy (EC-STM) [1], and we
fur ther ex am ine the re lated ad sorp tion struc tures by us ing
com pu ta tional tech niques to elu ci date the charge trans port
prop er ties and mech a nism. 

We use clas si cal mo lec u lar dy nam ics (MD) to study the 
struc ture and con fig u ra tion of cytochrome b562 on gold
sur faces, and a quan tum me chan i cal ap proach based on
Den sity Func tional The ory (DFT) to in ves ti gate its elec -
tronic states at the pro tein/metal in ter faces and junc tions
[2,3]. We sim u late ad sorp tion of mu tated cyt b562 on the flat 
gold sur face and use the ob tained struc tures for the prep a -
ra tion of the cytochrome junc tion be tween gold con tacts.

We use the DFT+å ap proach to pre dict elec tronic state
align ment, fol lowed by in ter fa cial cou pling cal cu la tions
us ing Pro ject Op er a tor-Bi ased Diabatization (POD)
method to eval u ate tun nel ing cur rent with Landauer for -
mal ism [3,4]. In co her ent elec tronic flux through re dox site
was also com puted and these find ings have im pli ca tions
for the de vel op ment of bioelectronic de vices and ma te ri als.
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TRPC5 chan nel has re cently emerged as a novel po ten tial
tar get for the treat ment of pe riph eral and vis ceral pain, and
its ab nor mal func tion ing has been linked to patho -
physiologically in creased lev els of lysophosphati dyl -

choline (LPC) [1, 2]. There fore, a deep un der stand ing of
the un der ly ing mo lec u lar mech a nism of TRPC5 reg u la tion
by LPC has be come ur gent for the de sign of new ef fec tive
an al ge sics. Like sev eral other mem bers of the large fam ily
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Fig ure 1. De tails of the re dox-ac tive heme site.

Fig ure 2.  Mu tated cyt b542 ad sorbed onto a gold sur face.



of Tran sient Re cep tor Po ten tial (TRP) chan nels, TRPC5
can be also tightly reg u lated by mem brane volt age that
damp ens its ac tiv ity at neg a tive po ten tials and en hances it
at pos i tive po ten tials. The struc tural bases for these modes
of reg u la tion are un clear. We mea sured whole-cell mem -
brane cur rents from re com bi nant hu man TRPC5 chan nels
ex pressed in HEK293T cells in re sponse to LPC 18:1 at
var i ous mem brane po ten tials rang ing from -100 to +200
mV. Us ing mo lec u lar dock ing and mo lec u lar dy nam ics
anal y sis, we iden ti fied a pocket within the outer pore re -
gion (dubbed lipid/xanthine bind ing do main) as a po ten tial
site from which the ac tiv ity of the chan nel can be ef fec -
tively up-reg u lated by LPC 18:1 and through which
strongly de po lar iz ing volt age may act to pro mote the tran -
si tion of the pore loop to ward the open chan nel con for ma -
tion. Re plac ing the highly con served tryptophan res i due
577 from the pore he lix by alanine (W577A) ren dered
TRPC5 com pletely in sen si tive to de po lar iz ing volt age.
Sur pris ingly, LPC ac ti vated this mu tant to a sim i lar ex tent

as the wild-type chan nel but only at highly de po lar iz ing po -
ten tials. Sub sti tu tion of con served glycine 606, lo cated in
the sixth transmembrane seg ment di rectly op po site W577,
with tryptophan (G606W) en hanced ac ti va tion by volt age
and LPC but abol ished ac ti va tion by xanthine. The
W577A/G606W dou ble mu ta tion par tially res cued the
volt age-de pend ent ac ti va tion of the chan nel, which was
fur ther en hanced by LPC. These re sults may help iden tify
sites of ef fec tive phar ma co log i cal tar get ing of TRPC5 and,
given the con sid er able de gree of homology be tween TRP
pro teins and the sim i lar role of lipids in their reg u la tion,
may pro vide in sights in the search for a gen eral mech a nism 
of TRP volt age and lipid ac ti va tion.
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The WAVEsystem with the Grat ing-cou pled in ter fer om e -
try (GCI) is the novel sur face-based, la bel-free biosensing
tech nol ogy to mea sure bind ing ki net ics and af fin ity, with
su pe rior res o lu tion in sig nal and time com pared to SPR.
The WAVEsystem al lows re search ers to quickly and ac cu -
rately mea sure la bel-free bind ing ki netic rates, de ter mine
af fin ity con stants, and mon i tor the con cen tra tions of even
low abun dance in ter act ing analytes in crude sam ples such
as biofluids. Paired with no-clog WAVEchips®, a wide
range of mol e cules can be im mo bi lized us ing var i ous
chem is tries or cap tur ing tech niques, while re main ing com -
pat i ble with crude sam ples or com plex ma tri ces. The
Creoptix® WAVEsystem com bines the en hanced sen si -
tiv ity of GCI tech nol ogy with the high through put method
waveRAPID® to re duce screen ing time and com plex ity.

GCI is our cut ting-edge bio phys i cal char ac ter iza tion
method com mer cially avail able since 2015 in the WAVE
fam ily of lab o ra tory de vices. Its ev a nes cent field pen e -
trates less deep into the sam ple and ex tends the
light-to-sam ple in ter ac tion length for im proved sig -
nal-to-noise ra tios (<  0.01 pg/mm2). Stan dard im mo bi li za -
tion tech niques such as amine-cou pling, Ni-NTA cap ture
and streptavidin- bi o tin cap ture are avail able for the

Creoptix WAVEsystem, as well as al ter na tive lipidic in ter -
ac tions or Pro tein A/G cap ture. It is suit able for Frag ments,
Small Mol e cules, Pep tides, Pro teins, Vi ruses, Cell Cul ture
Supernatants, Se rums, Cell lysates etc. 

The above state ments will be sup ported by ap pli ca tion

data. 
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Fig ure 1. Mea sure ment prin ci ple of Grat ing-Cou pled In ter fer om e -
try used in WAVE systems.


