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The Holliday junc tion (HJ) is a key in ter me di ate struc ture
formed dur ing DNA re com bi na tion across all king doms of
life. In bac te ria, the HJ is pro cessed by two homo- hexa -
meric RuvB mo tors, which be long to the AAA+-ATPase
fam ily and as sem ble to gether with the RuvA-HJ com plex
to en er gize the strand ex change re ac tion. De spite its im por -
tance for chro mo some main te nance, the struc ture and the
mech a nism by which this com plex fa cil i tates branch mi -
gra tion are un known. Here, us ing time-resolved cryo genic
elec tron mi cros copy (cryoEM), we ob tained struc tures of
the ATP-hy dro lys ing RuvAB com plex in seven dis tinct
conformational states at 2.9-3.4 C res o lu tion, cap tured dur -
ing as sem bly and pro cess ing of a HJ. Five struc tures to -
gether re solve the com plete nu cle o tide cy cle of the RuvB
mo tor and re veal the spatiotemporal re la tion ship be tween
ATP hy dro ly sis, nu cle o tide ex change and conformational
changes in RuvB. We show how co or di nated mo tions in a
con verter mod ule, formed by DNA-dis en gaged RuvB sub -
units, stim u late ATP hy dro ly sis and nu cle o tide ex change.

Im mo bi li za tion of this mod ule en ables RuvB hexamers to
con vert the ATP-con tained en ergy into a le ver mo tion,
which gen er ates the pull ing force driv ing the strand ex -
change re ac tion. We show struc tur ally that the nu cle o tide
cy cle pro gresses around the ring, that RuvB mo tors ro tate
to gether with the DNA sub strate and that the in te gra tion of
both pro cesses forms the mech a nis tic ba sis for DNA re -
com bi na tion by con tin u ous branch mi gra tion. Taken to -
gether, our data de ci pher the mo lec u lar prin ci ples of homo- 
 logous re com bi na tion by the RuvAB-HJ ma chin ery, out -
line how hexameric AAA+ mo tors can gen er ate me chan i -
cal force and pro vide a blue print for the de sign of
state-spe cific com pounds tar get ing AAA+ mo tors.
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In creas ing num bers of in fec tions caused by multi-drug re -
sis tant bac te ria have re newed the in ter est in phage ther apy.
How ever, the ex act mech a nisms of phage – bac te rium in -
ter ac tion are not known for the most of them. Here, we
pres ent the virion struc ture and in fec tion strat egy of
Siphoviridae bacteriophage JBD30 re vealed by the com bi -
na tion of cryo-elec tron and flu o res cent mi cros copy.

Bacteriophage JBD30 uses its tail fibres for re cog nis ing 
P. aeruginosa pili type IV. Af ter the at tach ment to pili, the
virion ei ther dif fuses along it or is pulled by pili re trac tion
to wards the cel lu lar sur face, where it ir re vers ibly binds by
the tri pod com plex of re cep tor bind ing pro tein tri mers. Af -
ter wards, the phage punc tures the outer cel lu lar mem brane
and de grades the peptidoglycan layer us ing the en zy mat i -
cally ac tive do mains of re cep tor bind ing pro tein and tape

mea sure pro tein C-ter mi nal trimeric a-he li cal coiled coil
do main.

Bioinformatic anal y sis of tape mea sure pro tein showed
that its N-ter mi nal part is com posed of three do mains: hy -
dro pho bic transmembrane do main I (res i dues 57–79), cy -
to plas mic do main (res i dues 80–384) and hy dro pho bic

transmembrane do main II (res i dues 385–409). Fur ther -
more, the es ti mated size of these do mains cor re sponds to
the thick ness of P. aeruginosa cel lu lar mem branes. We as -
sume that the N-ter mi nal part of the tape mea sure pro tein
might form a chan nel span ning the whole cell wall
facilitating DNA tran si tion from the virion capsid into the
host cy to plasm. New phage prog eny is re leased ap prox i -
mately 80 min utes post ejec tion of phage DNA into the
host cell.

The com bi na tion of cryo-elec tron mi cros copy anal y sis
tech niques, cryo-elec tron to mog ra phy and flu o res cent mi -
cros copy al lowed us to pro pose the mech a nism of key
stages of phage in fec tion and de scribe it at time re solved
mo lec u lar level.

We ac knowl edge the core fa cil i ties CEMCOF of CIISB, In -
struct-CZ Cen tre sup ported by MEYS CR (LM2018127)
and CELLIM of CEITEC Masaryk Uni ver sity sup ported by 
the Czech-BioImaging large RI pro ject (LM2018129
funded by MEYS CR) for their sup port with ob tain ing pre -
sented sci en tific data.
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ASK1 (apoptosis sig nal-reg u lat ing kinase 1) is a mem ber
of MAP3K pro tein fam ily, which di rects cells to wards in -
flam ma tion or apoptosis through p38 or JNK sig nal ling
path way [1,2]. Given its in volve ment in sev eral se ri ous
dis eases, ASK1 has been con sid ered a prom is ing tar get for
ther a peu tic in ter ven tion [3]. Un for tu nately, lack of rel e -
vant struc tural data and in suf fi cient un der stand ing of the
in tri cate reg u la tion of the kinase both ham per the search for 
ef fec tive drugs.

In this study, we em ployed sev eral meth ods to ex pand
our un der stand ing of ASK1 reg u la tion and the role of
thioredoxin 1 in its in hi bi tion. Firstly, AUC showed that
C-ter mi nally trun cated ASK1 tends to dimerize in so lu tion
and thioredoxin 1 ap pears to fur ther pro mote this ten dency. 

HDX-MS then al lowed us to map the con tacts be tween in -
di vid ual do mains within a protomer as well as the
dimerization in ter face. Also, it al lowed us to iden tify the
re gions af fected by thioredoxin 1 bind ing. Fi nally, sin -
gle-par ti cle cryo-EM anal y sis en abled us to de ter mine the
first struc ture of the C-ter mi nally trun cated ASK1 in its
dimeric form.

Col lec tively, our re sults pro vide the first struc tural in -
sight into dimeric ASK1 and sug gest how bind ing part ners
might af fect its ac tiv ity. Pre sented find ings may serve as a
ba sis for the de sign of ASK1-spe cific in hib i tors and rep re -
sent a start ing point for fur ther ex per i ments aim ing at even
fuller un der stand ing of ASK1 reg u la tion and func tion ing.
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This study was sup ported by the Czech Sci ence Foun da tion 
(Pro ject 19-00121S). We ac knowl edge CMS-Biocev (“Bio -
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sup ported by MEYS CR (LM2018127) and CZ.02.1.01/
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Inosine-5’-monophosphate dehydrogenase (IMPDH) is a
cru cial pu rine me tab o lism en zyme that is well es tab lished
as a po ten tial drug tar get against mycobacterial in fec tions.
How ever, most pre vi ous bio chem i cal and struc tural stud ies 
were per formed with IMPDH lack ing its reg u la tory CBS
do main, which binds allosteric reg u la tors in flu enc ing the
ac tiv ity of IMPDH. This pro ject aims to de scribe the
allosteric reg u la tion of full-length IMPDH and its un der ly -
ing mo lec u lar mech a nism. First, we iso lated full-length

and DCBS vari ants of IMPDH from My co bac te rium smeg -
matis and per formed a de tailed in vi tro bio chem i cal char ac -
teri sa tion. Test ing the im pact of se lected pu rine nucleo -
tides on IMPDH ac tiv ity in di cated an un ex pected reg u la -
tory ef fect of nu cle o tide lig ands at bi o log i cally rel e vant
con cen tra tions. Next, to over come prob lems with the X-ray 
crys tal log ra phy ap proach, we uti lised sin gle par ti cle
cryo-EM anal y sis and, up to now, suc cess fully ob tained a

se ries of datasets of IMPDH in com plex with its allosteric
reg u la tors. Pre lim i nary data sug gest struc tural changes in
the ac tive/in hib ited forms of IMPDH, which are trig gered
by the mode of bind ing of nu cle o tide lig ands to the CBS
do main. This might en able us to un ravel the mech a nism of
interdomain crosstalk that leads to changes in the cat a lytic
core of the en zyme. Such a mech a nis tic in sight could con -
trib ute to the de sign of novel antimycobacterial IMPDH-
 tar get ing drugs.

The pro ject Na tional In sti tute of vi rol ogy and bac te ri ol ogy
(Programme EXCELES, ID Pro ject No. LX22NPO5103) -
Funded by the Eu ro pean Un ion - Next Gen er a tion EU

We ac knowl edge CF CF CryoEM of CIISB, In struct-CZ
Cen tre, sup ported by MEYS CR (LM2018127) and Eu ro -
pean Re gional De vel op ment Fund-Pro ject „UP CIISB“
(No.CZ.02.1.01/0.0/0.0/18_046/0015974).
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Tick-borne en ceph a li tis (TBE), caused by the tick-borne
en ceph a li tis vi rus (TBEV), is a dis ease man i fested by se -
vere in flam ma tion in the cen tral ner vous sys tem, which
may be fa tal.  Even though vac ci na tion is avail able, only
ap prox i mately 23% of Czech pop u la tion has re ceived it
[1]. No tar geted treat ment is pres ently avail able for TBE,
yet with cases con tin u ally ris ing the urge for one is
ever-grow ing. This is where an ti bod ies could be of use – it

has pre vi ously been shown in a mouse model that an in tra -
ve nous ad mis sion of TBEV-spe cific an ti bod ies could
serve as a treat ment [2]. How ever, in sight into the mo lec u -
lar mech a nisms of TBEV neu tra li sa tion is lim ited.

There fore, we stud ied the in ter ac tions be tween the
TBEV strain Neudörfl and two neu tral is ing mouse mono -
clonal an ti bod ies, IC3 and A4, each bind ing to a dif fer ent
do main of the TBEV en ve lope pro tein [3]. TBEV was pu ri -
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fied from in fected tis sue cul ture cells, mixed with Fab frag -
ments pre pared from the neu tral is ing an ti bod ies, and
vit ri fied on grids for cryo-elec tron mi cros copy. Struc tures
of the TBEV–Fab com plexes were then solved us ing sin gle 
par ti cle anal y sis from the col lected mi cro graphs.

De ci pher ing the mo lec u lar ba sis of TBEV neu tra li sa -
tion by an ti bod ies might aid with un der stand ing the im por -
tance of dif fer ent epitopes on the vi ral sur face, pos si bly
en abling tai lored de sign of ther a peu tic an ti bod ies or more
spe cific vac cines in the fu ture.

1. Kunze U.: Ticks Tick Borne Dis., 7 5 (2016), 911-914.

2. Elsterova, J., Palus, M., Sirmarova, J., Kopecky, J., Niller,
H. H., Ruzek, D.: Ticks Tick Borne Dis, 8, 2, (2017),
253-258.

3. Stiasny, K., Brandler, S., Ko¨ssl, C., Heinz, F. X.: J. Virol., 
81 20 (2007), 11526-31.

This pro ject has been real ised with the fi nan cial sup port of
the Grant agency of Masaryk uni ver sity within the Stu dent
re search sup port pro gram, pro ject No. MUNI/C/0032/
2022.
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THE GLACIOS 2 IS A HIGH-RESOLUTION STRUCTURE DETERMINATION TOOL,
OPTIMIZED FOR GENERATING SUB 3C SINGLE PARTICLE RECONSTRUCTIONS

WITH UNPARALLELED AUTOMATION AND EASE OF USE

Dhirendra Singh, Alevtyna Yakushevska, Adrian Koh, Abhay Kotecha and Jeffrey Lengyel

Thermo Fisher Sci en tific

Cryo-EM has rev o lu tion ized the field of struc ture bi ol ogy
due to its ca pa bil i ties re solv ing the three-di men sional
struc ture of pro teins, pro tein com plexes and other bi o log i -
cal macromolecules at high or even atomic res o lu tions.
Par tic u larly, the Cryo-EM sin gle par ti cle anal y sis (SPA)
method and Cryo-Elec tron To mog ra phy (Cryo-ET), have
emerged where SPA is well-suited ap proach for the de ter -
mi na tion of na tive pro tein func tion and the dy nam ics of
com plex bi o log i cal sys tems. CryoET is a cryo genic im ag -
ing tech nique that pro vides 3D datasets of larger struc tures
such as large pro tein com plexes, organelles and even parts
of the cell. There is also elec tron dif frac tion method,
MicroED, that al lows for 3D struc ture de ter mi na tion of
small chemical compounds and biological macro -
molecules.

Im proved Thermo Sci en tific™ Glacios 2 is a 200kV FEG
Cryo-EM built for de liv er ing high through put and
high-res o lu tion struc tures of pro teins. Glacios is equipped
with Selectris Im ag ing fil ter and Fal con 4i di rect elec tron
de tec tor for the high est im age qual ity and built-in fringe
free im ag ing and ab er ra tion free im age shift for high
through put data col lec tion. Im por tantly, the Glacios is de -
signed with ease of use for new us ers who are not ex perts in 
elec tron mi cros copy. Fur ther more, it is op ti mized for sup -
port ing data col lec tion on mul ti ple grids which fur ther
optimizes the pro duc tiv ity of mi cro scope time. We will
show that us ing this sys tem we achieved 1.6C res o lu tion
with Apoferritin sam ple within 7hr of data col lec tion and a
through put of ~650 mov ies/hr. We will also show the use
of Glacios for cryo-ET method al low ing cel lu lar struc ture
bi ol ogy at high res o lu tions.
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