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SEEING THE INVISIBLE – STUDY OF TRANSIENTLY FORMED PROTEIN
CONFORMATION FOUND IN DOMAIN 1.1 OF BACTERIAL TRANSCRIPTION FACTOR
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Biomolecules un dergo a va ri ety of mo tions at var i ous
timescales. Mo tions at mi cro sec ond to mil li sec ond
timescales are of ten as so ci ated with tran si tions be tween
ground states and higher en ergy states. Meth ods of struc -
tural bi ol ogy al low de tailed char ac ter iza tion of ground
state struc ture and dy nam ics. How ever, the stud ies of
higher en ergy state con for ma tions are more dif fi cult, be -
cause of their low oc cu pan cies and short life times. Due to
this fact, stud ies of ex cited states are of ten omit ted. But nu -
clear mag netic res o nance pro vides meth ods to in ves ti gate
mo tions as so ci ated with these tran si tions and struc tures of
ex cited states.

In here, we in ves ti gate such conformational ex change,
be tween well-de fined ground state and tran siently formed
ex cited state which has been de tected in do main 1.1 of pri -
mary sigma tran scrip tion fac tor from Ba cil lus subtillis.
Sigma fac tor is es sen tial for ini ti at ing the pro cess of tran -

scrip tion, a fun da men tal cel lu lar pro cess. With the use of
re lax ation dis per sion ex per i ments we ob tained struc tural
in for ma tion about ori en ta tions of bond vec tors and sec ond -
ary struc ture pro pen si ties within the ex cited state. Our re -
sults sug gest that the ex cited state (pop u lated only about
3% in the so lu tion at 25 °C) has sig nif i cantly lower pro pen -
sity to form a sta ble sec ond ary struc ture in the re gions of
he lix I and he lix III com pared to the ground state.
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Dur ing eukaryotic tran scrip tion elon ga tion, RNA poly mer -
ase II (RNAP2) is reg u lated by a cho rus of fac tors. Here,
we iden ti fied a com mon bi nary in ter ac tion mod ule con sist -
ing of TFIIS N-ter mi nal do mains (TNDs) and na tively un -
struc tured TND-in ter act ing mo tifs (TIMs). This mod ule
was con served among the elon ga tion ma chin ery and linked 

com plexes in clud ing tran scrip tion fac tor TFIIS, Me di a tor,
super elon ga tion com plex, elongin, IWS1, SPT6,
PP1-PNUTS phosphatase, H3K36me3 read ers, and other
fac tors. Us ing nu clear mag netic res o nance, live-cell mi -
cros copy, and mass spec trom e try, we re vealed the struc -
tural ba sis for these in ter ac tions and found that TND-TIM
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se quences were nec es sary and suf fi cient to in duce strong
and spe cific colocalization in the crowded nu clear en vi ron -
ment. Dis rup tion of a sin gle TIM in IWS1 in duced ro bust
changes in gene ex pres sion and RNAP2 elon ga tion dy -
nam ics, which un der scores the func tional im por tance of

TND-TIM sur faces for tran scrip tion elon ga tion.The ref er -
ences should be listed im me di ately at the end of text with -
out  a head ing.

1.Cermakova et. al, Sci ence, 374 (2021), 1113-1121.
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Herelleviridae phage 812 in fects a wide range of S. aureus
strains and is con sid ered a prom is ing can di date for phage
ther apy against bac te rial in fec tions, in clud ing those re sis -
tant to an ti bi ot ics. The virion is formed by an icosahedral
capsid en clos ing a dou ble-stranded DNA ge nome, and a
dou ble lay ered con trac tile tail ter mi nated by a base plate.
The neck re gion joins the capsid to the tail and func tions in
capsid as sem bly, ge nome pack ag ing, its re ten tion, and re -
lease. The neck con sists of four pro tein com plexes form ing
the DNA chan nel: por tal, adap tor, stop per, and tail ter mi -
na tor. We de ter mined the struc tural fea tures of the neck in
virion, ge nome-re leas ing in ter me di ate and empty par ti cle
us ing cryo-elec tron mi cros copy, as well as the struc ture of
a closed con for ma tion of the stop per com plex by X-ray
crys tal log ra phy. The por tal pro vides a dodecameric DNA
bind ing site an chor ing the genomic end in side the capsid.
This high-avid ity bind ing site rec og nizes B-form DNA
shape with lo cally nar rowed mi nor groove. The DNA bind -

ing may be im por tant dur ing the ini tial stages of ge nome
pack ag ing to pre vent DNA es cape from the capsid caused
by pack ag ing terminase slip page. In the late stages of pack -
ag ing, high ge nome pres sure in side the phage head hin ders
DNA es cape by in duc ing a com pres sion of the por tal
crown which ob structs the open ing of por tal tun nel valve
loops. The stop per hexamer blocks ge nome es cape in the
pack ag ing in ter me di ate par ti cle prior to tail at tach ment.
The stop per gating func tion in volves a shift ing of a
zinc-rib bon loop and a strand-to-he lix conformational
switch ing of the gating valve loop. Af ter the at tach ment of
the tail, the stop per adopts an open con for ma tion and
primes the DNA for re lease by al low ing its de scent to ward
the tail. The study of struc tural changes in phage 812 neck
pro teins throughout stages of phage life cycle thus expands
our understanding of the functions fulfilled by the
head-to-tail joining region of the viral particle.
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The SorC fam ily is a large fam ily of bac te rial tran scrip tion
reg u la tors in volved in the con trol of car bo hy drate me tab o -
lism and quo rum-sens ing [1, 2]. SorC protomers con sti tute
an N-ter mi nal he lix-turn-he lix DNA-bind ing do main
(DBD) and a C-ter mi nal effector-bind ing do main (EBD)
that per ceives a change in the en vi ron ment by bind ing a
phos phor-sugar mol e cule which af fects oligomerization
state and sub se quently the af fin ity to the DNA op er a tor. 

We have stud ied the mech a nism of how these pro teins
rec og nize their DNA and de ter mined crys tal struc tures of
DBDs of two rep re sen ta tives, bsCggR and bsDeoR from

Ba cil lus subtilis in com plex with their DNA op er a tors [3].
In pre vi ous stud ies, EBDs of these two pro teins was also
de ter mined in their free form and in com plex with their
effector mol e cules [4, 5]. Our next ques tion was how these
pro teins bind DNA in their full-length forms and what
struc tural mech a nism un der lies the af fin ity change. To un -
veil this, we have com bined meth ods of X-ray crys tal log ra -
phy and cryo genic elec tron mi cros copy (cryo-EM), thus
com plet ing the par tial struc tural in for ma tion about sep a -
rated EBDs and DBDs [3-5]. To gain an over all pic ture of
bsCggR and bsDeoR in com plex with their cog nate DNA
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du plexes, we de ter mined 4.5 C cryo-EM struc ture and 3.6
C res o lu tion crys tal struc ture of bsCggR and bsDeoR DNA 
com plexes, re spec tively. These mod els rep re sent the first
com pre hen sive in sight into the DNA rec og ni tion by the
SorC pro tein fam ily.
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Ryanodine re cep tors (RyRs) are the larg est known ion
chan nels. Their main phys i o log i cal role is to re lease cal -
cium from the sarcoplasmic/endoplasmic re tic u lum into
the cytosol of mus cle cells. Three isoforms of this chan nel
(1-3) have been iden ti fied in hu mans; isoforms 1 and 2
(RyR1 and 2) are pre dom i nantly ex pressed in skel e tal and
car diac mus cle, re spec tively.  Mu ta tions iden ti fied in the
genes of the hu man RyR1 and 2 isoforms are re spon si ble
for sev eral se vere dys tro phies and car diac arrhythmias,
which of ten re sult in death at a young age [1].

Dantrolene is a postsynaptic mus cle re lax ant that de -
creases ex ci ta tion-con trac tion cou pling in mus cle cells. It
is cur rently used as an ef fec tive treat ment for ma lig nant
hyperthermia, mus cle spasticity, neuroleptic ma lig nant
syn drome and it is also used dur ing re sus ci ta tion [2]. It has
been shown that dantrolene binds to the skel e tal (RyR1)
and car diac (RyR2) mus cle ryanodine re cep tors that are re -
spon si ble for Ca2+ re lease from the sarcoplasmic re tic u lum. 
Dantrolene bind ing sites are found in both RyR1 and RyR2
isoforms [3]. Al though the struc ture of the RyR1 and RyR2 
N-ter mi nal do main has been solved, lit tle is known about
the mo lec u lar ba sis of its in ter ac tion with dantrolene. In the 
pres ent work we have pre pared sev eral mu tants of the
hRyR2 N-ter mi nal do main (hRyR2 NTD) in the dantrolene 
bind ing site (res i dues 600–620) by site-di rected mu ta gen e -
sis and in ves ti gated the ef fect of these mu ta tions on the

fold ing and ther mal sta bil ity of this frag ment. Our re sults
show that these mu ta tions have an im pact on the ther mal
sta bil ity of the hRyR2 NTD. We also mea sured the bind ing
af fin i ties be tween dantrolene and the wild-type and mu tant
hRyR2 NTD and used mo lec u lar dock ing to model
dantrolene bind ing in hRyR2. This work helps to clar ify
the role of the dantrolene bind ing site in hRyR2 and to
char ac ter ize dantrolene bind ing on the mo lec u lar level.

1. V. Bauerová-Hlinková., D. Hajdúchová, J.A. Bauer. Mol e -

cules 25, (2020), 2-29.

2.    S. Kobayashi, M. Yano, T. Suetomi, M.  Ono, H.  Tateishi,
M. Mochizuki, X.  Xu, H. Uchinoumi, S. Okuda, T.
Yamamoto, N. Koseki, H. Kyushiki, N. Ikemoto, M.
Matsuzaki. Jour nal of the Amer i can Col lege of Car di ol ogy

53, (2009), p: 1993-2005.

3.    R. Wang, X. Zhong, X. Meng, A. Koop, X. Tian, P.P.
Jones, B.R. Fruen, T. Wagenknecht, Z. Liu, S.R.W. Chen.
Jour nal of Bi o log i cal Chem is try 286, (2011), p:

12202-12212.

Ac knowl edge ment: This work was fi nan cially sup ported by 
Slo vak Grant Agency VEGA, grants no. 2/0140/16,
2/0131/20 and Interreg SK-AT StruBioMol ITMS:
305011X666.

Ó Krystalografická spoleènost

30 Dis cus sions XVIII  -  Lec tures Ma te ri als Struc ture, vol. 28, no. 1 (2022)


