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An ti bi otic-re sis tant strains of Staph y lo coc cus aureus cause 
hu man in fec tions that are dif fi cult to treat and lead to death
[1]. Host-range mu tants of bacteriophage (phage) phi812
in fect 90 % of S. aureus iso lates and, there fore, are prom is -
ing phage ther apy agents [2]. As the phage ap proaches its
host cell, phage re cep tor-bind ing pro teins at tach to the cell
wall. This in ter ac tion trig gers a cas cade of struc tural
changes in the base plate, re sult ing in phage tail con trac tion
and ge nome ejec tion into the host cy to plasm [3]. Mech a -
nis tic de scrip tion of the base plate re-or ga ni za tion, how -
ever, re mains un known.

Us ing cryo-elec tron mi cros copy (cryo-EM), we re con -
structed the phage base plate in ex tended and con tracted
states. The qual ity of re con structed maps en abled us to as -
sign in di vid ual pro teins to their den si ties. Se lected pro teins 
in volved in the host cell wall bind ing and pen e tra tion were
pro duced in re com bi nant form and their struc tures were

solved us ing X-ray crys tal log ra phy and cryo-EM sin -
gle-par ti cle re con struc tion. 

We pres ent the first de tailed struc tural char ac ter iza tion
of a con trac tile phage in fect ing Gram-pos i tive bac te rium.
Com par i son of the two dis tinct base plate states al lows the
de scrip tion of the ini tial stage of phage in fec tion on the mo -
lec u lar level. Fi nally, our re sults pro vide frame work for en -
gi neer ing phage par ti cles to com bat S. aureus in fec tions in
hu mans.

1. D. M. Lin et al., World J. Gastrointest. Pharmacol. Ther.,
8, (2017).

2. R. Pantùèek et al., Vi rol ogy, 246, (1998).

3. J. Nováèek et al., Proc. Natl. Acad. Sci., 113, (2016).

We ac knowl edge the Cryo-elec tron mi cros copy and to -
mog ra phy core fa cil ity and the Biomolecular in ter ac tion
and crys tal li za tion core fa cil ity of CIISB, In struct-CZ Cen -
tre, sup ported by MEYS CR (LM2018127).
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Enteroviruses from the fam ily Picornaviridae are hu man
patho gens that cause a range of dis eases from the com mon
cold to se vere brain in flam ma tion. De spite the so ci etal and
eco nomic im pact of enteroviruses, the avail able treat ments
are only symp tom atic. The enterovirus cell en try and the
re lease of the vi ruses from endosomes are po ten tial tar gets
for an ti vi ral ther a peu tics. How ever, the de tails of these
phe nom ena are not well un der stood.

Here, we used in situ cryo-elec tron to mog ra phy to vi su -
al ize the cell en try and ge nome re lease of hu man rhinovirus 
2. We ob served endosome mem brane re mod el ling and
break age fol lowed by vi rus es cape into the cy to plasm. We

dem on strate that the endosome dis rup tion is me di ated by
overactivation of a cel lu lar mech a nism by show ing that
endocytosis of very-low-den sity li po pro tein, the nat u ral
sub strate of rhinovirus 2 re cep tor, also re sults in endosome
dis rup tion. The de scribed mech a nism of rhinovirus 2 cell
en try is sup ported by data col lected on other enteroviruses.
Our re sults give ev i dence of the cel lu lar mech a nisms these
vi ruses em ploy to en ter cell hosts.

We ac knowl edge the Cryo-elec tron mi cros copy and To -
mog ra phy Core Fa cil ity of CEITEC MU for their sup port
in data col lec tion and analysis.
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Emiliania huxleyi is a world wide dis trib uted uni cel lu lar
ma rine alga whose cells are cov ered by cal cite disks called
coccoliths. By re flect ing light, the coccoliths in flu ence re -
ten tion of heat in oceans, which im pacts plan e tary cli mate
[1]. Emiliania huxleyi vi rus 201 (EhV-201) and re lated
nucleocytoplasmic large DNA vi ruses limit the pop u la tion
growth of E. huxleyi [2]. 

Virion of EhV-201 is pleiomorphic in shape, there fore
we used local ised re con struc tion of small frac tions of the
virion edges to elu ci date its com plex ultrastructure, com -
pris ing an in ner mem brane, capsid, outer mem brane, and
sur face pro tein en ve lope. Fur ther more, we used fo cused
ion beam mill ing and cryo-elec tron to mog ra phy to char ac -
ter ize the for ma tion of EhV-201 virions in E. huxleyi cells.
The par ti cle as sem bly is ini ti ated on mem brane frag ments,
which sep a rate from the endoplasmic re tic u lum. As sem bly
of the capsid pro teins at the outer sur face of the mem brane
frag ment in duces its bend ing and grad ual for ma tion of

capsids con tain ing a mem brane sack. Vi rus DNA is pack -
aged into the pre-formed par ti cles through an open ing in
the capsid and in ner mem brane. The ge nome-filled in ter -
me di ates bud into intracellular ves i cles, and in this pro cess, 
ac quire the outer mem brane and pro tein en ve lope. Virions
are re leased from the cell by exocytosis or lysis of the in -
fected alga. Our re sults give struc tural in sight into the for -
ma tion of EhV-201 – a patho gen that in flu ences the Earth’s 
cli mate.

1. E. Paasche, A re view of the coccolithophorid Emiliania
huxleyi (Prymnesiophyceae), with a par tic u lar ref er ence to
growth, coccolith for ma tion, and cal ci fi ca tion-pho to syn the -
sis in ter ac tions. Phycologia 40, 503–529 (2002).

2. G. Bratbakl, J. K. Egge, and M. Heldal, Vi ral mor tal ity of
the ma rine alga Emiliania huxleyi (Haptophyceae) and ter -
mi na tion of al gal blooms. Mar. Ecol. Prog. Ser. 93, 39–48
(1993).
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Reg u la tion of bac te rial tran scrip tion per formed by RNA
poly mer ase (RNAP) is fa cil i tated by var i ous tran scrip tion

fac tors (e.g. s fac tors), which in ter act with RNAP. One of
these fac tors is HelD, a tran scrip tion-as so ci ated pro tein
unique for many Gram-pos i tive bac te ria (e.g. Ba cil lus
subtilis or My co bac te rium smegmatis) [1]. This study fo -
cuses on the struc ture-func tion anal y sis of the com plexes
be tween RNAP and HelD. As there was no struc ture of
HelD homologue known and full-length HelD it self re -
sisted all at tempts for crys tal li za tion, we used a com bi na -
tion of X-ray crys tal log ra phy (one HelD do main),
cryo-EM, small-an gle X-ray scat ter ing and ho mol o gous
mod el ling [2, 3]. 

HelD in ter acts with RNAP in dif fer ent stages of tran -
scrip tion. It pen e trates deep into the RNAP pri mary chan -
nel, in ter acts with the crit i cal ac tive site res i dues and also

binds tightly in the RNAP sec ond ary chan nel. These chan -
nels are re spon si ble for nu cleic ac ids bind ing and sub strate
de liv ery. As these in ter ac tions are in com pat i ble with the
bind ing of DNA to the RNAP core, HelD ef fec tively hin -
ders the elon ga tion pro cess of tran scrip tion and can ef fec -
tively clear RNAP of nu cleic ac ids by dis man tling
RNAP-DNA com plexes [3]. HelD it self is a multi-do main
pro tein ca pa ble of struc tural changes both in so lu tion [2]
and in com plex with RNAP [3]. These changes are linked
to its func tion. The struc tural ba sis for the DNA-clear ing
func tion of HelD was ex plained but the re cy cling of RNAP
in hib ited by the HelD bind ing re mains to be elu ci dated. 

1. Wiedermannová, J., Sudzinová, P., Kova¾, T., Rabatinová,
A., Šanderova, H., Ramaniuk, O., Rittich, Š. & Dohnálek,
J. (2014). Nu cleic Ac ids Res. 42, 5151-5163.
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2. Kova¾, T., Sudzinová, P., Perháèová, T., Trundová, M.,
Skálová, T., Fejfarová, K., Šanderová, H., Krásný, L.,
Dušková, J. & Dohnálek, J. (2019). FEBS Lett. 593,
996-1005.

3. Kouba, T., Koval’, T., Sudzinová, P., Pospíšil, J.,
Brezovská, B., Hnilicová, J., Šanderová, H., Janoušková,
M., Šiková, M., Halada, P., Sýkora, M., Barvík, I.,
Nováèek, J., Trundová, M., Dušková, J., Skálová, T.,
Chon, U., Murakami, K.S., Dohnálek, J. & Krásný, L.
(2020). Nat Commun.11, 6419.

This work was sup ported by MEYS (LM2015043 and
CZ.1.05/1.1.00/02.0109), CSF (20-12109S and 20-
07473S), NIH (grant R35GM131860), AS CR (86652036),
ERDF (CZ.02.1.01/0.0/0.0/16_013/0001776 and CZ.02.
1.01/0.0/0.0/15_003/0000447), EMBL (EI3POD) and Ma -
rie Sk³odowska-Cu rie grant (664726) and by sup port of
Biocev CMS – core fa cil i ties Crys tal li za tion of Pro teins
and Nu cleic Ac ids, and Dif frac tion Tech niques of CIISB,
part of In struct-ERIC).
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Af ri can trypano somes have de vel oped elab o rate mech a -
nisms to avoid clear ance by the hu man im mune sys tem.
While many of the de fence sys tems have been de scribed in
de tail, the ba sis of al ter na tive path way in hi bi tion re mains
ob scure. Trypano somes are un af fected by com ple -
ment-me di ated lysis but the mo lec u lar pro cesses that pre -
vent for ma tion of the mem brane at tack com plex are
cur rently not un der stood. Re cently we have iden ti fied the

trypanosome sur face re cep tor that in ter acts with com ple -
ment fac tor 3, the cen tral hub of the com ple ment cas -
cade, and de ter mined its com plex struc ture by sin gle
par ti cle cryo-EM. Us ing an in ter dis ci plin ary ap proach
com bin ing bio chem i cal, bio phys i cal, struc tural and cell bi -
o log i cal meth ods we pro vide de tailed in sight into the un -
usual mo lec u lar mech a nism of com ple ment in hi bi tion by
an im por tant hu man pathogen.
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CHARACTERIZE YOUR MOST CHALLENGING INTERACTIONS. 
THE NEW MONOLITH
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Know ing the strength of the in ter ac tions be tween key play -
ers is cru cial to get the in sights you need to un der stand the
de tails be hind how a given bi o log i cal event oc curs.

The new Mono lith is the lat est so lu tion we pro vide to
our cus tom ers who wish to quan tify their biomolecular in -
ter ac tions of any kind in any ex per i men tal con di tions.
Mono lith uti lizes two pro pri etary tech nol o gies- MST as
well as our new est ad di tion to the port fo lio-  iso ther mal
spec tral shift.

MST tech nol ogy al lows for quan ti fi ca tion of mo lec u lar 
in ter ac tions be tween a tar get and ligand by de tect ing
changes in flu o res cence in ten sity while a tem per a ture gra -
di ent is ap plied over time. The flu o res cent sig nal co mes
from the tar get that is ei ther fluorescently la beled or has in -
trin sic flu o res cence and be comes an ex tremely sen si tive re -
porter for the in ter ac tion. 

tions uti lizes an ex per i men tal pro ce dure dur ing which  a
fluorescently la belled tar get gen er ates a par tic u lar emis -
sion spec trum, and if a ligand binds to this tar get, the
fluorophore’s lo cal chem i cal en vi ron ment is changed,
caus ing a shift in its flu o res cence spec trum. This par tic u lar
Mono lith de tec tor ex ploits this phe nom e non by per form ing 
ratiometric mea sure ments at two emis sion wave lengths of
a la belled tar get in the pres ence of var i ous con cen tra tions
of a ligand. Iso ther mal spec tral shift in or der to quan tify a
mo lec u lar in ter ac tions uti lizes an ex per i men tal pro ce dure
dur ing which  a fluorescently la belled tar get gen er ates a
par tic u lar emis sion spec trum, and if a ligand binds to this
tar get, the fluorophore’s lo cal chem i cal en vi ron ment is
changed, caus ing a shift in its flu o res cence spec trum. This
par tic u lar Mono lith de tec tor ex ploits this phe nom e non by
per form ing ratiometric mea sure ments at two emis sion
wave lengths of a la belled tar get in the presence of various
concentrations of a ligand. 
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In both of the de tec tors types which can be com bined in
a Mono lith in stru ment- the bind ing af fin ity is au to mat i -
cally de ter mined at the end of each run with out ad di tional
and lengthy data anal y sis. (fig ure 1.)

Mono lith en ables char ac ter iza tion of in so lu tion in ter -
ac tions for a wide range of biomolecules, even for chal -
leng ing sam ples such as mem brane pro teins, in trin si cally
dis or dered pro teins, small mol e cules and cell lysates. Since 
the bind ing part ners are in so lu tion, there is no lost ac tiv ity

due to im mo bi li za tion, and eval u a tion is size in de pend ent.
Mea sure ments can be per formed in any buffer, in clud ing
de ter gents, us ing low sam ple vol umes and con cen tra tions.
The col lected data anal y sis also fa cil i tates the eval u a tion of 
com pe ti tion as says and ter nary bind ing events. 
Mono lith pro vides a valu able or thogo nal method to val i -
date your re sults from other bio phys i cal meth ods and to
char ac ter ize your most chal leng ing interactions.

A) B)

Fig ure 1. The af fin ity con stant (Kd) is cal cu lated from a fit ted curve that plots nor mal ized flu o res cence against con cen tra tion of ligand.


