
Ó Krystalografická spoleènost

142 Struktura 2023 - Lec tures Ma te ri als Struc ture, vol. 29,  no. 2 (2023)

Parallel Ses sion IXb, June 1, Thursday

L41

TOOLS FOR RNA AND DNA STRUC TURAL DE SCRIP TION AT
DNATCO.DATMOS.ORG 

Bohdan Schnei der, Michal Malý, Lada Biedermannová, Jiøí Èerný 

In sti tute of Bio tech nol ogy of the Czech Acad emy of Sci ences, 252 50 Vestec, Czech Re pub lic
bohdan.schnei der@ibt.cas.cz 

I will in tro duce our web ap pli ca tion dnatco.datmos.org,
which en ables an in-depth anal y sis and val i da tion of nu -
cleic acid struc tures, pri mar ily based on the as sign ment of
dinucleotide con form ers. The  web ser vice was in tro duced
for the first time in 2016 [1] but has been quite sig nif i cantly
re de signed and its func tion al ity ex tended. We de vel oped
sev eral new tools for an no ta tion and val i da tion of nu cleic
ac ids that are all based on the con cept of the dinucleotide
conformational classes, NtC [2]. One of the new val i da tion
tools are scat ter grams cor re lat ing the ge om e tries of
dinucleotides and their fit to the ex per i men tal elec tron den -
sity, RSCC-rmsd plots. We also val i date qual ity of the co -
va lent ge om e try of an a lyzed nu cleic ac ids by com par ing
val ues of their bond lengths and an gles to val ues ex pected
in a curated set of PDB-de pos ited struc tures. The web ser -

vice dnatco.datmos.org is based on the C++ backend pro -
grams for the NtC as sign ment and runs most user de manded 
cal cu la tions on the user com puter; it uses cus tom ized
Molstar viewer [3]. 

1. Èerný et al.: Nu cleic Ac ids Re search, 44: W284 (2016). doi: 
10.1093/nar/gkw381. 

2. Èerný et al.: Nu cleic Ac ids Re search, 48: 6367 (2020). doi:
10.1093/nar/gkaa383. 

3. Sehnal et al.: Nu cleic Ac ids Re search, 49: 6367 (2020). doi: 
10.1093/nar/gkab31. 

This re search was funded by Czech Acad emy of Sci ences,
grant RVO 86652036 and by grant LM2023055 to ELIXIR
CZ from MEYS Czech Re pub lic. 
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Nat u ral killer cells are white blood cells able to kill tu mour,
vi rus-in fected or stressed cells. NKR-P1 is an im mune re -
cep tor on the sur face of hu man nat u ral killer cells and LLT1 
pro tein is its bind ing part ner on the sur face of an other cell
in ter act ing with the NK cell. Both NKR-P1 and LLT1 have
extracellular do mains of the same C-type lectin-like (CTL)
fold. LLT1 is ex pressed on ac ti vated monocytes, B cells
and can cer cells. There fore, struc tural knowl edge of the in -
ter ac tion be tween NKR-P1 and LLT1 is im por tant for un -
der stand ing phys i o log i cal and patho genic pro cesses in the
im mune sys tem.

Crys tal struc ture of hu man NKR-P1 in com plex with
LLT1 was de ter mined us ing dif frac tion data col lected at the 
Di a mond Light Source (Harwell, UK) at beamline I03 with
res o lu tion 1.9 C [1]. 

Be sides this struc ture, we solved also three struc tures of
LLT1 (monomeric, dimeric and dimeric fully glycosylated,
[2]) and two struc tures of NKR-P1 (glycosylated and
deglycosylated dimer, [1]). These struc tures con firm that
NKR-P1 and LLT1 sys tem at i cally dif fer in the way of their

Fig ure 1. The crys tal struc ture (PDB code 5MGT) re vealed two
bind ing modes of im mune re cep tor NKR-P1 with its pro tein
ligand LLT1, here de noted as pri mary and sec ond ary bind ing
mode.
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dimerization. The struc ture of the NKR-P1:LLT1 com plex
showed that dif fer ent mode of dimerization of the bind ing
part ners is im por tant for their geo met ri cal ar range ment.
More over, the struc ture of the com plex re vealed two dif fer -
ent bind ing modes be tween the pro teins (Fig. 1, pri mary
and sec ond ary bind ing mode) and vir tu ally “in fi nite”
chains of both pro teins ex ist ing in the crys tal. Bi o log i cal
rel e vance of both bind ing modes was con firmed by
mutational anal y sis and clus ter ing of the re cep tors with lig -
ands was ob served also on cell sur face us ing super-res o lu -
tion mi cros copy. The pro posed in ter ac tion model is shown
in Fig ure 2.

This study was sup ported by the Czech Sci ence Foun da tion 
grant 18-10687S, the Min is try of Ed u ca tion, Youth and
Sports of the Czech Re pub lic grant LTC17065 (in the frame 
of the COST Ac tion CA15126 MOBIEU), and the Eu ro -
pean Re gional De vel op ment Fund (CZ.02.1.01/0.0/0.0/
15_003/0000447). Com pu ta tional re sources were sup -
plied by the pro ject Infrastruktura CZ (e-IN FRA
LM2018140) pro vided within the pro gram Pro jects of
Large Re search, De vel op ment, and In no va tions In fra -
struc tures. We ac knowl edge us ing CF Bio phys i cal meth -
ods of CMS, CIISB, In struct-CZ Cen tre, sup ported by
MEYS CR (LM2018127).
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 Lon pro te ase is a unique ATP-de pend ent pro te ase found in 
all king doms of life [1]. In mi to chon dria, Lon rep re sents a
cru cial pro tein re spon si ble for main tain ing the mi to chon -
drial ho meo sta sis and is im por tant for de grad ing of
misfolded, dis as sem bled and ox i da tively dam aged pro -
teins. Lon was also shown to con trol the lev els of sev eral
mi to chon drial pro teins in clud ing the sub units of mi to chon -
drial pro cess ing peptidase MPP, StAR pro tein, helicase
Twin kle and ri bo somal sub unit MrpL32 in hu man cells,
and mtDNA-pack ag ing pro tein Abf2 and mtDNA-main te -
nance fac tor Mgm101 in S. cerevisiae [1-3]. To better un -
der stand the func tion of Lon, we de ter mined the first 3D
cryo-EM struc ture of a com plete hu man mi to chon drial Lon 
pro te ase [4] and de scribed the re ar range ment of its struc -

ture when Lon is mov ing be tween the ATP-bound and
ADP-bound states. Since both, over-ex pres sion and re -
duced ex pres sion of Lon, were found in can cer cells [5], it
is clear that a more com plex un der stand ing of the mech a -
nisms reg u lat ing its func tions in mi to chon dria is needed.
This reg u la tion could oc cur on the level of its tran scrip tion, 
but re cent stud ies have sug gested that post-translational
mod i fi ca tions might also have a large im pact here.
Phosphorylation rep re sents an ef fec tive post-translational
mod i fi ca tion in cells. To char ac ter ize the ef fect of such
mod i fi ca tion on func tion and struc ture of hu man Lon pro -
te ase, we pre pared sev eral point mu ta tions in Lon’s N-ter -
mi nal do main, where Tyr was re placed by Glu or, us ing an
or thogo nal trans la tion sys tem in mod i fied E. coli strain,

Fig ure 2. NKR-P1:LLT1, the pro posed model of the clus ter ing
on the cell sur face. Taken from [1].
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para-carboxymethyl-L-phenylalanine (pCMF), a non-
 hydro lysable an a logue of phosphotyrosine, was in tro duced 
into the Tyr sites of in ter est. Our re sults in di cated that
phosphorylation of some N-ter mi nal Tyr sub stan tially re -
duced Lon pro te ase ac tiv i ties with out any sig nif i cant
change of its struc ture. Such reg u la tion might fa cil i tate
quick dy namic changes to mi to chon drial cru cial com po -
nents, nucleoids and ri bo somes, which are in ev i ta ble for
con duct ing mi to chon drial func tions and main tain ing mi to -
chon drial ho meo sta sis in vivo and could also have sig nif i -
cant im pli ca tions for hu man med i cine.

The au thors have re ceived a sup port from the Slo vak Re -
search and De vel op ment Agency APVV-15-0375,
APVV-19-0298), the Slo vak Grant Agency (VEGA
2/0069/23), the Interreg V-A Slovakia-Aus tria pro gram for 
the pro ject StruBioMol, ITMS: 305011X666, co-fi nanced
by the Eu ro pean Re gional De vel op ment Fund and Min is try 
of Ed u ca tion and CF CF CryoEM of CIISB, In struct-CZ

Cen tre, sup ported by MEYS CR (LM2023042)) 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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In wa ter so lu tion, in trin si cally dis or dered pro teins (IDPs)
con tain no sta ble three-di men sional struc ture. IDP’s
polypeptide chain is fully hy drated and its con for ma tions
are com pos ing a conformational en sem ble (CE). In di vid -
ual conformational states of CE are sep a rated by a small en -
ergy bar rier and freely interconvert [1].

The struc ture of glob u lar pro teins con tains large num -
ber of intramolecular hy dro gen bonds in volv ing
main-chain at oms and re sult ing in large-scale struc tural el -
e ments of beta sheets and al pha he li ces. In con trast, IDPs
sat isfy hy dro gen-bond ing po ten tial of their main chain al -
most ex clu sively by hy dro gen bond ing to the sol vent mol e -
cules.

We found that there may be ex emp tions to this gen eral
pat tern of H-bond ing in IDPs. Start ing from the ob ser va -
tion of crys tal struc tures and mo lec u lar sim u la tions, we
proved the ex is tence of intramolecular H-bonds in IDPs.
These par tic u lar bonds are con fined lo cally and cre ate
small 9-15 membered ring struc tures. Re sults of sim u la -
tions in di cate that these rings may be sta ble only for a short
pe riod of time and fre quently re new their ex is tence. Quan -
tum me chan ics cal cu la tions re vealed the pro por tion of
rings in the lo cal CE.

For these struc tures we coined the name SPuRs – side
chain pro pelled rings. It is hy poth e sized that these small
ring struc tures may in flu ence the com po si tion of IDP CE
and reg u late cor re spond ing bi o log i cal ac tiv ity. We have
ob served sev eral SPURS in crys tals of IDP tau with
monoclonal an ti bod ies [2]. In the fu ture work we aim to ex -
am ine the SPURS also in other IDPs.
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