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THE EUROPEAN XFEL AND ITS POTENTIALS IN STRUCTURAL BIOLOGY

Janos Hajdu

Uppsala Uni ver sity and The Eu ro pean XFEL

At the be gin ning of 2017, the Eu ro pean X-ray Free-Elec -
tron-La ser (XFEL) in Ham burg will be gin user op er a tions.
Free-elec tron la sers are the most bril liant sources of X-rays 
to date, ex ceed ing the peak bril liance of con ven tional
synchrotrons by a fac tor of 10 bil lion, and im prov ing. In
the du ra tion of a sin gle flash, the beam fo cused to a mi -
cron-sized spot has the same power den sity as all the sun -
light hit ting the Earth, fo cused to a milli metre square. The
in ter ac tion of an in tense X-ray pulse with mat ter is pro -
foundly dif fer ent from that of an op ti cal pulse. A nec es sary
goal of re search with these ma chines is to ex plore pho -
ton-ma te rial in ter ac tions in strong X-ray fields. The aim in
bi ol ogy is to step be yond con ven tional dam age lim its and

de velop the sci ence and tech nol ogy re quired to en able
high-res o lu tion im ag ing of both crys tal line and non-crys -
tal line bi o log i cal ob jects at high res o lu tion. El i gi ble tar gets 
in clude sin gle vi rus par ti cles, organelles, cells, nano -
crystals, en gi neered nanoclusters and iso lated macromo -
lecules. The talk will sum ma rise de vel op ments at the
Eu ro pean XFEL and pro vide an over view of some of the
bi o log i cal re sults from the Linac Co her ent Light Source
(LCLS), the first hard X-ray free-elec tron la ser. One of the
aims of the talk us ex plore pos si bil i ties for in ter ested Czech 
sci en tists to par tic i pate in rev o lu tion ary new ex per i ments
at the Eu ro pean XFEL.

Friday, March 20, Ses sion IV
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STRUCTURAL BIOINFORMATICS - A BRIDGE BETWEEN STRUCTURAL BIOLOGY
AND BIOINFORMATICS
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Struc tural bi ol ogy of to day is a well-de fined field of sci -
ence. It is not so for bioinformatics, which is un der stood
from very nar row clas si cal view (in for ma tics of the ge -
nome) on the one hand, to very wide con cept of in for ma tics 
of any bi ol ogy re lated in for ma tion.  In all cases, bio infor -
matics be comes an im por tant field of sci ence as the amount 
of bio-re lated in for ma tion, es pe cially from Next Gen er a -
tion Se quenc ing (NGS), is in creas ing dra mat i cally, and, for 
the time be ing, there is no soft ware tool avail able that
would be able to ex tract all the bi o log i cal in for ma tion hid -
den in the data.

In con trary, struc tural bioinformatics is rel a tively well
de fined part of bioinformatics (see, for ex am ple [1-2]),
which is re lated to the anal y sis and pre dic tion of the three-
 di men sional struc ture of bi o log i cal macromolecules.The
term struc tural has the same mean ing as in struc tural bi ol -
ogy, and struc tural bioinformatics can be seen as a part of
com pu ta tional struc tural bi ol ogy. Even if the grow of 3D
struc tural data is much lower com pared to NGS, also here
the in crease is ex po nen tial  and calls for new ap proaches to
ex tract struc tur ally and/or biologically relevant in for ma -
tion.

In our group, we have de vel oped sev eral soft ware tools
that are able to help in solv ing such a task.  These are
Motive Query [3] for quick find ing and ex trac tion of
biomacromolecular frag ments, SiteBinder [4] for fast and

ac cu rate com par i son of these frag ments, MotiveValidator
[5] and ValidatorDB [6] for val i da tion of lig ands and non-
 stan dard res i dues, and AtomicChargeCalculator [7] for
cal cu la tion of par tial atomic charges. Last but not least, we
have de vel oped also MOLE [8], a soft ware tool for de tec -
tion and char ac ter iza tion of chan nels and pores in
biomacromolecules. All the soft ware tools are ac ces si ble
from the link http://ncbr.muni.cz/WebChemistry.
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ENHANCER-PROMOTER INTERACTION FACILITATED BY TRANSIENT
G-QUADRUPLEXES FORMING BETWEEN THEM

Hedi Hegyi

Struc tural Bi ol ogy Pro gram, CEITEC, Masaryk Uni ver sity, Kamenice 5, Brno, CZ-628 00, Czech Re pub lic

G-quadruplexes are nu cleic acid se quences that are rich in
gua nine and are ca pa ble of form ing a four-stranded struc -
ture through Hoogsteen hy dro gen bond ing. G-rich re gions
ca pa ble of form ing G-quadruplex (G4) struc tures are
highly con cen trated near pro mot ers and tran scrip tion start
sites sug gest ing a role in gene reg u la tion. They are less of -
ten found on the tem plate strand than on the non-tem plate
strand where they ei ther in hibit or en hance tran scrip tion,
re spec tively. How ever, their po ten tial role in enhancers
and in other dis tal reg u la tory el e ments has not been as -
sessed yet. Here we show that DNAse hy per sen si tive
(DHS) cis re gions with reg u la tory roles are also en riched in 
Gs and their G-con tent cor re late with that of their re spec -

tive pro mot ers. Be sides lo cal G4s, the dis tal cis re gions
have the ca pa bil ity to form G-quadruplexes to gether with
the pro mot ers, each con trib ut ing half of a G4 only. This
model is sup ported more for the non-tem plate strand and
we hy poth es ised that the G4 form ing ca pa bil ity of the pro -
moter and the enhancer non-tem plate strand could fa cil i tate 
their bind ing to gether and mak ing the DHS re gions ac ces -
si ble for the tran scrip tion fac tory. As G4s are tar gets of in -
tense re search and can cer drug de vel op ment, we an tic i pate
that our model will in duce experimentalists to ver ify it in
the lab and con trib ute to a better un der stand ing of such a
basic phenomenon as gene expression regulation.
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HYDRATION OF AMINO ACID RESIDUES IN PROTEINS: WHAT CAN WE LEARN
FROM DATA MINING? 
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It is now a days ac cepted that wa ter is not only a pas sive me -
dium, but a key de ter mi nant of pro tein struc ture, dy nam ics
and func tion, and that pro tein-wa ter in ter ac tions gov ern
var i ous pro cesses, in clud ing pro tein fold ing, en zy matic ca -
tal y sis, and mo lec u lar rec og ni tion. Wa ter does not sim ply
fill up the avail able space around pro teins, but oc cu pies
spe cific sites and forms lo cal ized clus ters, de ter mined by
its hy dro gen-bond ing ca pa bil i ties. Dis tri bu tion of wa ter
around amino acid res i dues in pro teins has been the sub ject
of sev eral stud ies, but only on a small num ber of crys tal
struc tures [1], or with out con sid er ation of the amino acid
con for ma tion, i.e. sec ond ary struc ture and side-chain
rotameric state [2]. 

We there fore de cided to study the hydration pat terns
for all twenty stan dard amino ac ids in their main
conformational states (rotamers), us ing large num ber of

high-reso lu tion pro tein crys tal struc tures. Spe cif i cally, we
used a set of 2,818 PDB struc tures of monomeric pro teins
with res o lu tion better than 1.8 C, max i mum R-fac tor value
of 0.22 and mu tual se quence iden tity of the pro tein chains
of 50% or less. The con tacts of each amino acid res i due
with wa ters within 3.2 C were de tected. Res i due con for -
ma tions were clus tered sep a rately in each class de fined by
res i due type, sec ond ary struc ture (al pha he lix/beta sheet)
and chi1 rotameric state (as gauche+, gauche-, or trans) us -
ing qual ity thresh old al go rithm. Clus ters of res i dues with
the as so ci ated wa ter mol e cules were then sub jected to the
method of den sity rep re sen ta tion [3] in or der to iden tify the 
pre ferred lo ca tion of hydration sites. Briefly, atom po si -
tions of wa ter oxygens were trans formed us ing a Fou rier
trans form tech nique to the cor re spond ing elec tron den si -
ties. Den sity peaks of wa ter mol e cules were then de tected
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and po si tions of hydration sites, their oc cu pan cies, and
B-fac tors re fined us ing stan dard crys tal lo graphic pro ce -
dures. 

The re sult of our study is a de tailed at las of the struc ture 
of pro tein hydration, con tain ing the hydration sites, i.e.
most pop u lated po si tions of wa ters around each amino acid 
res i due type in each of its main conformational states.
Anal y sis of these hydration sites re vealed fre quent oc cur -
rence of po si tions where wa ter in ter acts si mul ta neously
with the side-chain and main-chain of the amino acid res i -
due. By com par ing the hydration of var i ous con form ers we 
also ob served strong de pend ence of the po si tions of
hydration sites on the amino acid con for ma tion. Thus, our
anal y sis re vealed the spa tial dis tri bu tion of the pre ferred
wa ter po si tions in the first hydration layer of pro teins. The
hy drated amino acid rotamers ob tained from our study can

be used in many ar eas of struc tural bi ol ogy, from mo lec u lar 
re place ment and crys tal lo graphic re fine ment, to the im -
prove ment of ac cu racy of ab in itio protein structure
prediction methods. 

The study was con ducted at the In sti tute of Bio tech nol ogy
AS CR (RVO:86652036) and was sup ported by pro ject
BIOCEV CZ.1.05/1.1.00/02.0109 from the ERDF and by
the Czech Sci ence Foun da tion (GA CR) grant no.
P205/12/P729. 
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LARGE-SCALE QUANTITATIVE ASSESSMENT OF BINDING PREFERENCES IN
PROTEIN – NUCLEIC ACID COMPLEXES
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Our work was fo cused on elu ci dat ing the se lec tion rules
gov ern ing the spec i fic ity of pro tein – DNA in ter ac tions.
From a non-re dun dant set of pro tein – DNA com plexes, we 
iso lated all nu cle o tide – amino acid dimers. This pro vided a 
set of con tacts map ping the po si tions oc cu pied by each
amino acid around each nu cle o tide thor ough the en tire Pro -
tein Data Bank. Con sid er ing the lack of dis tin guish ing
marks on the DNA sugar-phos phate back bone, we fur ther
re duced the prob lem of DNA se quence rec og ni tion to in -
ter ac tions be tween the DNA bases and amino acid side
chains.

The dis tri bu tions of each of the 20 stan dard amino ac ids 
around each DNA base served as a ba sis for our cal cu la -
tions. In these dis tri bu tions, we re cog nised spa tially de -
fined clus ters as ar eas where each par tic u lar amino acid
was more prone to oc cur. Fur ther more, for each clus ter a

sin gle con tact was se lected as a rep re sen ta tive based on
statistical scoring. 

The in ter ac tion en ergy of each clus ter rep re sen ta tive
was cal cu lated by a se ries of com monly used em pir i cal
force fields. These in ter ac tion en er gies, rep re sent ing sta tis -
ti cally sig nif i cant con tacts, were mapped against the en -
ergy dis tri bu tions cor re spond ing to the clus ters they
be longed to, as well as to the in ter ac tion en ergy pro files of
the en tire dis tri bu tions. The va lid ity of our re sults is sup -
ported by ab in itio cal cu la tions performed on the same set
of structures.

We were able to find that for cer tain DNA base – amino
acid pairs, sig nif i cantly sta bi lis ing in ter ac tion en er gies
could be achieved only within a rather lim it ing set of mu -
tual ori en ta tions of the in ter act ing part ners. An on line re -
pos i tory pro vid ing ac cess to the re sults in graph i cal form
was established.


