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STRUCTURAL STUDIES OF SORC FAMILY OF TRANSCRIPTIONAL REGULATORS 
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Transcriptional reg u la tion is pro cess cru cial to met a bolic
con trol and de vel op ment in all or gan isms. In bac te ria, gene 
ex pres sion is con trolled at the transcriptional level, through 
in ter ac tions be tween DNA op er a tors and reg u la tory pro -
teins.  Re cent stud ies of bac te rial genomes led to the dis -
cov ery of a large num ber of pu ta tive transcriptional regu -
lators, with the as sign ment of new fam i lies and sub -
families. One of these is the SorC fam ily, which in cludes
pro teins that con trol the ex pres sion of genes and operons
in volved in the me tab o lism of sugar sub strates. SorC fam -
ily repressors con tain con served he lix-turn-he lix do main
DNA-bind ing (DBD) at their N-ter mi nus and an effector-
bind ing do main (EBD) at their C-ter mi nus. The DBD rec -

og nizes palindromic op er a tor se quence usu ally lo cated
down stream of the promotor. The C-ter mi nal effector do -
main has a phosposugar bind ing func tion and also plays
role in oligomerization.  

We struc tur ally char ac ter ized two mem bers of SorC
fam ily, CggR and DeoR from Ba cil lus subtilis. 

We de ter mined struc tures us ing X-ray crys tal log ra phy
and cryo-elec tron mi cros copy to fol low the DNA bind ing
and allosteric changes in duced by effector bind ing. Struc -
tural stud ies of these two rep re sen ta tives will pro vide in -
for ma tion nec es sary for un der stand ing the mech a nisms of
gene reg u la tion by SorC repressors. 
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UNUSUAL COVALENT BOND BETWEEN TRP AND HIS IN BILIRUBIN OXIDASE
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Co va lent mod i fi ca tions of amino ac ids con vey func tion al -
ity, sta bil ity or in ter ac tion po ten tial of a given pro tein.
Many mod i fi ca tions are rel a tively well un der stood, such as 
glycosylation, disulphide bond for ma tion, phospho -
rylation, methylation, co-fac tor co va lent bind ing and other. 
Here we pres ent a mod i fi ca tion, rel a tively re cently dis cov -
ered and so far unique in pro teins. The ac tive site of bil i ru -
bin oxidase from the ascomycete plant patho gen Myro the-
 cium verrucaria con tains a co va lent link be tween the side
chains of tryptophan and histidine [1, 2]. Its pres ence was
con firmed in de pend ently in sev eral crys tal struc tures and
by mass spec trom e try anal y sis [2, 3]. The role of this
post-translational mod i fi ca tion in sub strate bind ing and
ox i da tion is not suf fi ciently un der stood.

Pro tein bil i ru bin oxidase is used in med i cine for de ter -
mi na tion of bil i ru bin level. Apart from bil i ru bin, this en -
zyme re acts strongly also with other or ganic and in or ganic
sub strates, pre fer ring dif fer ent pH op tima. The en zyme is
also ex ploited in the tex tile in dus try, wood-pro cess ing in -
dus try, and, re cently, also in nanotechnologies, es pe cially
in the con struc tion of bio-fuel cells and biosensors.

The Trp396–His398 adduct is lo cated at the T1 cop per
site of this multicopper oxidase and par tic i pates in ox i da -
tion of var i ous types of sub strates. The en zyme fur ther
trans fers elec trons from the T1 cop per site to the trinuclear
cop per clus ter in the pro tein in te rior, where re duc tion of O2

to two H2O mol e cules is catalysed. 
The first struc ture of bil i ru bin oxidase in com plex with

one of its prod ucts, ferri cyanide ion, shows in ter ac tion with 

the mod i fied tryptophan side chain, Arg356, and with the
ac tive site-form ing loop 393-398 [3]. Our struc tural and
mutational stud ies also con firm that the adduct mod i fies T1 
cop per co or di na tion and is im por tant for the sub strate bind -
ing and ox i da tion site [3]. The ef fects of the pres ence of the
adduct vary with the type of the sub strate be ing ox i dized.
The re sults im ply that struc tur ally and chem i cally dis tinct
types of sub strates, in clud ing bil i ru bin, uti lize the Trp–His
adduct mainly for bind ing and to a smaller ex tent for elec -
tron trans fer [3].

The re sults have im pli ca tions for tech no log i cal ap pli ca -
tions of bil i ru bin oxidase and re lated en zymes.

This work was sup ported by the Eu ro pean Re gional De vel -
op ment Fund (CZ.02.1.01/0.0/0.0/15_003/0000447, CZ.
02.1.01/0.0/0.0/16_013/0001776, and CZ.1.05/1.1.00/ 02.
0109), in sti tu tional sup port of the Institute of Bio tech nol -
ogy of the Czech Acad emy of Sci ences, v. v. i. (RVO:
86652036), by the Min is try of Ed u ca tion, Youth, and
Sports of the Czech Re pub lic (LM2015043, sup port of
Biocev-CMS).

1. Murao, S. & Tanaka, N. Agric. Biol. Chem. 45, (1981),
2383–2384.

2. Akter, M., Tokiwa, T., Shoji, M., Nishikawa, K., Shigeta,
Y., et al. Chem is try 24, (2018), 18052–18058

3. Kova¾, T., Švecová, L., qstergaard, L.H., Skalova, T.,
Dušková, J., et al.. Sci Rep. 9, (2019), 13700.
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ADVANTAGES OF COMPLETE CROSS-VALIDATION IN PAIRED REFINEMENT
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In macromolecular crys tal log ra phy, a high-res o lu tion cut -
off is usu ally ap plied to the dif frac tion data to avoid in clu -
sion of noisy in for ma tion in struc ture re fine ment.
Suit abil ity of its es ti ma tion can be later checked per form -
ing the paired re fine ment pro to col [1]. Re fine ment is usu -
ally car ried out against the ma jor ity of re flec tions in a
work ing set, whereas a lit tle frac tion (of ten 5 %) is ran -
domly se lected and set aside in a free set. The lat ter data are
not in volved in the cal cu la tions but pro vide cross-val i da -
tion to mon i tor the pro cess [2].

In our cal cu la tions, we ana lysed a pos si ble de pend ence
of paired re fine ment re sults on the use of a par tic u lar free
re flec tion se lec tion. For this pur pose, we chose crys tal
struc ture of cysteine-bound com plex of cysteine dioxy -
genase from Rattus norvegicus (CDO) [1]. Dif frac tion data 
were pro cessed up to 1.42 C res o lu tion and atomic co or di -
nates and ADPs of the in put struc ture model were per -
turbed. Then, paired re fine ment us ing REFMAC5 [3] was
per formed for each of all 20 free sets in di vid u ally, i.e. the
com plete cross-val i da tion pro to col. The fol low ing
high-res o lu tion cut offs were ana lysed: 2.0, 1.9, 1.8, 1.7,
1.6, 1.5, and 1.42 C.

Ob tained re sults con firmed the sup posed de pend ence
of paired re fine ment re sults on free re flec tion set. The dif -

fer ences be tween the used free sets were re mark able, es pe -
cially in high res o lu tion. The high-res o lu tion cut off
es ti ma tion var ies from 1.7 C (one free set) through 1.6 C (a
few free sets) and 1.5 C (half of the free sets) to 1.42 C (a
few free sets). The av er aged re sults, that are statistically
more sig nif i cant, sug gested cut ting the data at 1.5 C res o lu -
tion. This case dem on strates that the com plete cross-val i -
da tion pro to col pro vides more rel e vant in for ma tion across
the whole data set than a com monly-used sin gle cross-val i -
da tion pro to col.

1. P. A. Karplus & K. Diederichs, Sci ence, 336, (2012), pp.
1030–1033.

2. A. Brünger, Na ture, 355, (1992), pp. 472–475.

3. G. N. Mur shu dov, A. A. Va gin, E. J. Dod son, Acta
Cryst. D, 53, (1997), pp. 240–255.

This pub li ca tion was sup ported by the MEYS CR (pro jects
CAAS – CZ.02.1.01/0.0/0.0/16_019/0000778 and BIO -
CEV – CZ.1.05/1.1.00/02.0109) from the ERDF fund, by
the Czech sci ence foun da tion (18-10687S) and by the GA
CTU in Prague (SGS19/189/OHK4/3T/14).
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UPDATES TO INSTRUMENTATION IN THE CENTRE OF MOLECULAR STRUCTURE IN 
BIOCEV
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M. Schneiderová, J. Dohnálek
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The Cen tre of Mo lec u lar Struc ture of fers wide range of
meth ods of struc tural bi ol ogy, which are pro vided via
Czech In fra struc ture for In te gra tive Struc tural Bi ol ogy
(CIISB) and In struct-ERIC. CMS of fers unique op por tu -
nity for deep macromolecule char ac ter iza tion us ing
setate-of-art in stru ments at one place. The in stru ment port -
fo lio is con stantly im proved to keep the lat est tech niques
and techonology avail able to our us ers. The lat est no ta ble
ad di tions, are crys tal dehumidification sys tem (HCLab,
Arinax) for X-ray diffractomemter, and new crys tal li za tion 
ro bot (NT8, Formulatrix). HCLab is de signed to pre cisely
con trol humudity around the pro tein crys tal be fore its vit ri -
fi ca tion, which can lead to im proved dif frac tion qual ity of

the crys tal. The tech nique is tra di tion ally avail able at
synchrotons, how ever the us age there is suboptimal due to
the time con strains. The NT8 crys tal li za tion ro bot op er ates
in hu mid ity con trolled environemnt, which en ables us age
of crys tal li za tion drops down to 50 nl. The ro bot is also
equipped for set ting lipidic cu bic phase (LCP) ex per i -
ments.

Cen tre of Mo lec u lar Struc ture is sup ported by pro jects
LM2015043 and LM2018127 from Min is try of Ed u ca tion,
Youth and Sports, CIISB for Hu man Health (CZ.02.1.01/
0.0/0.0/16_013/0001776) and pro ject Struc tural dy nam ics
of biomolecular sys tems (CZ.02.1.01/0.0/ 0.0/15_003/
0000447) from the ERDF.
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AQS3 SEE CHANGE IN PROTEIN CHARACTERIZATION

Pat rick King

Specion/Redshift

In fra-Red (IR) anal y sis has been long ac cepted as a pow er -
ful tool in pro tein char ac ter iza tion, par tic u larly in the Am -
ide I band (~1600 - 1700 cm-1), which gives de tailed
sec ond ary-struc tural in for ma tion that can be crit i cal in de -
ter min ing pro tein struc ture-ac tiv ity re la tion ships, sta bil ity,
batch-to-batch com par i sons and in for mu la tion stud ies as a
few ex am ples. Tech nol o gies tra di tion ally used for sec ond -
ary struc ture anal y sis, such as bench top Fou rier Trans form
IR (FTIR) or Cir cu lar Dichroism (CD), suf fer from a num -
ber of is sues that have pre vented their rou tine use in this
area, pre vent ing this ap pli ca tion from reach ing its full po -
ten tial. These in clude con cen tra tion and buffer re stric tions, 
in com pat i bil ity with a range of ex cipi ents, a lack of au to -
ma tion, low spec tral reproducibility and for FTIR, wa ter
sub trac tion prob lems.

Microfluidic Mod u la tion Spec tros copy (MMS) is a
new key tech nol ogy that was brought to mar ket in 2019 by
RedShift Bioanalytics. It fo cuses on the IR Am ide I re gion
to pro duce ex cep tion ally high data qual ity and repro du -
cibility that aim to solve the afore men tioned is sues en coun -
tered with tra di tional tech nol o gies. It is fully au to mated,
run ning sam ples from 24- and 96-well plates, com pat i ble
with a very broad con cen tra tion range (0.1 to >200 mg/ml), 
and is also com pat i ble with a wide range of com plex buffer
sys tems and ex cipi ents, in clud ing those that ab sorb in the
am ide I re gion, sur fac tants and or ganic sol vents. The plat -
form in cludes a pow er ful soft ware pack age that fa cil i tates
data anal y sis, and can be in cluded in the au to ma tion pro ce -
dure. This pre sen ta tion high lights the tech ni cal ben e fits of
MMS and its ap pli ca tion in the pro tein struc tural wor -
kflow, giv ing rel e vant ap pli ca tion ex am ples.

Thurs day, March 19, Session II
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STRUCTURAL ALPHABET FOR STRUCTURAL ANALYSIS OF NUCLEIC ACIDS

Bohdan Schnei der and Jiøí Èerný 

In sti tute of Bio tech nol ogy of the Czech Acad emy of Sci ences, Prumyslova 595, Vestec, 
252 50, Czech Re pub lic 

A newly de vel oped struc tural al pha bet [1] is the first al pha -
bet uni ver sally ap pli ca ble to both types of nu cleic ac ids,
RNA and DNA. In the talk, I will dem on strate some of the
ap pli ca tions of the al pha bet. It can be used to sta tis ti cally
weight se quence pref er ences of dif fer ent conformational
forms and to dis cover RNA and DNA struc tural mo tifs.
The al pha bet is based on 96 dinucleotide conformational
classes, NtC, that were iden ti fied by anal y sis of struc tures
of ~60 thou sand RNA and ~60 thou sand DNA steps. The

re sult ing au to mated as sign ment of the conformational
classes to any nu cleic acid struc ture is avail able at the
website dnatco.org [2] and is an ex ten sion of our pre vi -
ously pub lished al go rithm as sign ing only DNA struc tures
[3].

1. Božíková et al., to be pub lished 2020. 

2. Èerný et al., Nu cleic Ac ids Re search 2016, 44, W284.

3. Schnei der et al., Acta Cryst. D 2018, 74, 52-64. 


