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ABSENCE OF THE 30S MATURATION FACTOR RimM
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Ri bo some biogenesis is a com plex, multistep pro cess that
in volves the fold ing and mod i fi ca tion of ri bo somal RNA
(rRNA), fol lowed by the se quen tial as sem bly and in te gra -
tion of ri bo somal pro teins [1]. This in tri cate pro cess is 
tightly reg u lated by nu mer ous biogenesis fac tors that en -
sure the proper for ma tion of func tional ri bo somal sub units
[1]. Dis rup tions in these fac tors can lead to se vere growth
de fects and the ac cu mu la tion of im ma ture ri bo somal sub -
units, high light ing their crit i cal role in ri bo some mat u ra -
tion [1].

RimM, a key ri bo some mat u ra tion fac tor, fa cil i tates the
cor rect as sem bly of the 30S small ri bo somal sub unit [2]. In
E. coli, de le tion of the rimM gene re sults in im paired
growth, ac cu mu la tion of im ma ture 30S par ti cles, and re -
duced translational ef fi ciency [3-4]. In ter est ingly, the grad -
ual re cov ery of bac te rial growth sug gests the pres ence of
com pen sa tory mech a nisms that re store trans la tion ca pac ity 
over time. One such mech a nism may in volve the ri bo somal 
si lenc ing fac tor RsfS, which reg u lates pro tein syn the sis by
bind ing to the 50S ri bo somal sub unit [5]. This in ter ac tion
pre vents pre ma ture 70S ri bo some for ma tion, po ten tially
shield ing ma ture 50S sub units from as so ci at ing with im -
ma ture 30S par ti cles.

In this study, we em ployed sin gle par ti cle cryo-elec tron 
mi cros copy (cryo-EM) to in ves ti gate the in ter play be tween 

RsfS and trans la tion ini ti a tion fac tors in the ab sence of
RimM. Our struc tural anal y sis re veals that trans la tion ini ti -
a tion fac tors bind to im ma ture 30S sub units, pre vent ing
their as so ci a tion with 50S sub units un til ri bo somal pro teins 
are fully as sem bled on the 30S sub unit. Con cur rently, RsfS 
binds to the 50S sub unit, ef fec tively in hib it ing the for ma -
tion of 70S ri bo somes. These find ings pro vide valu able
struc tural and mech a nis tic in sights into the fi nal stages of
ri bo some as sem bly and un der score the crit i cal roles of ri -
bo some-as so ci ated fac tors in main tain ing translational fi -
del ity and cel lu lar ad ap ta tion.
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In su lin is a key hor mone re spon si ble for main tain ing glu -
cose ho meo sta sis. It is stored in pan cre atic cells in a form of 
dense gran ules. We have used FIB/SEM mi cros copy and
cor re la tive light-elec tron mi cros copy (CLEM) to quan tify
the gran ule pres ence in dif fer ent cell lines and stud ied their
struc ture. In su lin re cep tor (IR) is a re cep tor ty ro sine kinase
which upon in su lin bind ing on the extracellular re cep tor

do main in duces autophoshorylation re ac tion on its cy to -
plas mic do mains. Misregulation in the in su lin sig nal ling is
a cause of Di a be tes melitus I and II. We have stud ied the
mech a nism of IR in hi bi tion with in su lin non-re lated
peptidomimetics ca pa ble to fully an tago nise in su lin ac tion
to pre vent ab er rant IR sig nal ling.

Ó Krystalografická spoleènost

26 Dis cus sions XXI  -  Lec tures Ma te ri als Struc ture, vol. 31, no. 1 (2025)



L25

CLINCELIN: A REDESIGNED LINCOSAMIDE COMBATS RIBOSOME RESISTANCE
MODIFICATION THROUGH ENHANCED BINDING AND STRUCTURAL FLEXIBILITY 

Michaela Novotná1,2, Vladi mir Vimberg1, Fanny Boissier3, Markéta Kobìrská1, Barbora
Kolrosová1, Julie Pokorná1, Ma rie Brajerová5, Radek Gažák4, Petr Slavík6, Lada Hanzlíková4,

Kryštof Šigut6, Marcela Krùtová5, Zdenìk Kameník4, C. Axel Innis3, Jiøí Janata4, Gabriela
Balíková Novotná1

1In sti tute of Mi cro bi ol ogy, The Czech Acad emy of Sci ences, BIOCEV, Vestec, 25250, Czech Re pub lic
2Fac ulty of Sci ence, De part ment of Ge net ics and Mi cro bi ol ogy, Charles Uni ver sity in Prague, Vídeòská

1083, Prague-Krè, 12800, Czech Re pub lic
3Acides Nucléiques: Régulations Naturelle et Artificielle, UMR 5320, U1212, Bor deaux Biologie

Santé,Université de Bor deaux, Cen tre Na tional de la Re cher che Scientifique, Institut Na tional de la Santé et
de la Re cher che Médicale, Bor deaux, 33000, France

4In sti tute of Mi cro bi ol ogy, The Czech Acad emy of Sci ences, Prague, 14200, Czech Re pub lic
52nd Fac ulty of Med i cine, De part ment of Med i cal Mi cro bi ol ogy, Charles Uni ver sity, Motol Uni ver sity Hos pi tal, 

Prague, 15006, Czech Re pub lic
6San ti ago Cus tom Chem i cals, Rádiová 1285/7, Prague, 10200, Czech Re pub lic 

michaela.novotna@biomed.cas.cz

Lincosamides, an im por tant class of an ti bi ot ics in hu man
med i cine, in hibit trans la tion by bind ing to the cat a lytic
cen tre of the ri bo some. How ever, their ef fi cacy is im paired
if the ri bo some bears wide spread A2058 methylation con -
ferred by the erm re sis tance gene, ren der ing all clin i cal
lincosamides in ef fec tive. In this study, we pres ent
clincelin, a novel chi me ric com pound struc tur ally de rived
from the nat u ral lincosamides celesticetin and lincomycin
[1]. Rig or ous in vi tro tests show that clincelin has sig nif i -
cantly higher an ti bac te rial ac tiv ity com pared to the two
par ent com pounds and the clin i cally used lincosamide
clindamycin. Re mark ably, clincelin re tains its ef fi cacy also 
against erm-me di ated re sis tant strains. Cryo-EM anal y sis
re veals the unique mech a nism un der ly ing clincelin’s eva -
sion of re sis tance: Not only does it ex hibit im proved bind -
ing con tacts with the ri bo some, but it also has re mark able
struc tural flex i bil ity that al lows dif fer ent bind ing modes
de pend ing on the pres ence of Erm methylation. To the best
of our knowl edge, clincelin is the first an ti bi otic to ex hibit
such anti-re sis tance ad ap ta tion to over come the re sis tance.

Our de tailed char ac ter iza tion paves the way for the de vel -
op ment of next-gen er a tion lincosamides for clin i cal use
and es tab lishes a par a digm for over com ing an ti bi otic re sis -
tance through mo lec u lar de sign.
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Bot u li num neurotoxins (BoNTs), pro duced by Clostridium 
bot u li num, are the most po tent tox ins known to man and
are used to treat an in creas ing num ber of med i cal con di -
tions [1]. They tar get neuromuscular junc tions and in hibit
syn ap tic ves i cle exocytosis in mo tor neu rons, thereby caus -
ing flac cid pa ral y sis. Re cently, a new BoNT serotype
(BoNT/X) was iden ti fied in a bot u lism pa tient and bont
genes were dis cov ered in bac te ria out side the Clostridium

ge nus [2], such as Weissela oryzae (BoNT/Wo) or Entero -
coccus faecium (BoNT/En). These bot u li num-like tox ins
share the mo lec u lar ar chi tec ture of BoNTs and are ac com -
pa nied by the non-toxic non-hemagglutinin pro tein
(NTNH), which forms the min i mal pro gen i tor toxin com -
plex with the toxin to pro tect it in the host di ges tive tract.

We used sin gle-par ti cle cryo-EM to de ter mine the
struc tures of the min i mal pro gen i tor toxin com plexes of
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bot u li num-like tox ins BoNT/X [3] (Fig ure 1) and
BoNT/Wo [4]. The struc tures dem on strate how the tox ins
in ter act with their non-toxic pro tec tive part ners and help us 
un der stand the evo lu tion ary re la tion ships be tween
BoNT-like pro teins. More over, they pro vide a plat form for
the en gi neer ing of new sci en tific tools and po ten tially also
novel ther a peu tic tox ins.
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Fig ure 1. Cryo-EM re con struc tion of the min i mal pro gen i tor
toxin com plex of BoNT/X.


