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BIOLOGICAL SMALL ANGLE X-RAY SCATTERING AT CEITEC-MU

Tomáš Klumpler

CEITEC, Masaryk Uni ver sity, Brno, Czech Re pub lic

Bi o log i cal Small An gle X-ray Scat ter ing (Bio-SAXS) be -
come ma ture and pop u lar tech nique for struc tural stud ies
of the macromolecules and macromolecular com plexes in
so lu tion. De vel op ment of the soft ware tools avail able and
ad vances of syn chro tron and „home“ X-ray sources
brought Bio-SAXS to rou tine work-flow of num ber of
struc tural bi ol o gists. Bio-SAXS is used for de ter mi na tion
of the in te gral struc tural pa ram e ters, shape re con struc tion,
de ter mi na tion of the oligomeric and fold ing state, un rav el -
ing the qua ter nary ar chi tec ture of the com plexes, mod el ing
of mo lec u lar flex i bil ity and more. Bio-SAXS char ac ter izes 
macromolecules in so lu tion, i.e. close to their na tive and bi -
o log i cally rel e vant con di tions. It is a low-res o lu tion tech -
nique, but in com bi na tion with other tech niques as X-ray
crys tal log ra phy, nu clear mag netic res o nance, etc., the Bio- 

SAXS be comes pow er ful tool of the struc tural anal y sis of
bi o log i cal macromolecules. 

The Core fa cil ity X-ray dif frac tion and Bio-SAXS of
the CEITEC-MU lo cated in Brno fa cil i tates ac cess to the
state of art “in house” in stru men ta tion for X-ray struc tural
anal y sis. Be sides the el e men tary col lec tion of dif frac tion
or scat ter ing data, the fa cil ity of fers as sis tance with data
pro cess ing and in ter pre ta tion. Year and half af ter the of fi -
cial open ing of the lab o ra tory the most typ i cal Bio-SAXS
case stud ies from us ers com mu nity are pre sented: ab in itio
shape re con struc tion ex per i ments, oligomeric state de ter -
mi na tion and oligomeric equi lib rium stud ies, hy brid
method ap proaches for qua ter nary struc ture model build -
ing of macromolecular com plexes and stud ies of semi-flex -
i ble com plexes and in trin si cally dis or dered pro teins.
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THEORETICAL AND EXPERIMENTAL STUDY OF CHARGE TRANSFER THROUGH
DNA: IMPACT OF MERCURY MEDIATED T-Hg-T BASE PAIR
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Vladimír Sychrovský3
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DNA-Hg com plexes may play an im por tant role in sens ing
of DNA de fects or in de tect ing of  Hg pres ence in the en vi -
ron ment. A fun da men tal way of char ac ter iz ing DNA-Hg
com plexes is to study the way how the elec tric charge is
trans ferred through the mo lec u lar chain. The main goal of
this con tri bu tion was to in ves ti gate the im pact of a mer cury 
metal cat ion that links two thy mine bases in a DNA T-T
mis matched base pair (T-Hg-T) on charge trans fer through
the DNA mol e cule. We com pared the charge trans fer ef fi -

cien cies in stan dard DNA, DNA with mis matched T-T
base pairs and DNA with T-Hg(II)-T base pair. For this
pur pose we mea sured the tem per a ture de pend ence of
steady- state flu o res cence and UV-VIS of the DNA mol e -
cules. The ex per i men tal re sults were con fronted with the
re sults ob tained em ploy ing the o ret i cal DFT meth ods. Gen -
er ally, the ef fi ciency of charge trans fer was driven by mer -
cury chang ing the spa tial over lap of bases.
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THE INTERACTIONS OF  SOIL NATURAL ORGANIC MATTER (NOM) AND
POLYCYCLIC AROMATIC HYDROCARBON (PAH) WITH BIOLOGICAL 

INTERFACES STUDIED BY MD SIMULATIONS

Babak Minofar

Fac ulty of Sci ence, Uni ver sity of South BohemiaBranisovska 31, Ceske Budejovice, Czech Re pub lic
In sti tute of Nanobiology and Struc tural Bi ol ogy of Acad emy of Sci ences of the Czech Re pub lic
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Soil is very com plex com pound which con sists of dif fer ent
com po nents such as min eral sur faces, or ganic and in or -
ganic ions and nat u ral or ganic mat ter thus many fac tors are
im por tant in ad sorp tion and trans por ta tion pro cesses in
soil. Un der stand ing the in ter ac tions of dif fer ent com -
pounds  of soil not only needed to be ad dressed ex per i men -
tally but also the o ret i cally due to the fast grow ing the speed 
and ca pa bil i ties of com put ers and com pu ta tional meth ods.
In or der words, com bined ex per i men tal and the o ret i cal
meth ods are more ac cu rate to solve com plex prob lems in
soil sci ence. One of most im por tant com po nents of soil,
which has strong ef fect and play im por tant role in the pro -
cess of ad sorp tion of dif fer ent el e ments to the plants and
complexation of many metal ions in the en vi ron ment is
natural or ganic mat ter (NOM). NOM and in par tic u lar
humic ac ids, humates, and fulvic ac ids de rived from dead
plant and an i mal mat ter by par tial de com po si tion, are pres -
ent in en vi ron ments and es pe cially in aquatic en vi ron -
ments. They play va ri ety of im por tant roles in soil [1-2] and 
their in ter ac tions with metal ions, min er als and or ganic
spe cies are im por tant for en vi ron ment.  

Humic ac ids are able to in ter act with both or ganic and
in or ganic sub stances such as nu tri ents, metal ions, and hy -
dro pho bic or ganic com pounds [3, 4]. More over, the in ter -
ac tions of humic ac ids with liv ing sur faces have been
de tected by some ex per i men tal meth ods such as ad sorp tion 
iso therms, elec tro pho retic mo bil ity mea sure ments, and
trans mis sion elec tron mi cros copy [5].  Humic ac ids and
humates have het er o ge neous and com plex struc tures with
dif fer ent func tional groups such as NH2, COOH, OH, ar o -
matic and aliphatic parts in which the non-co va lent
intermolecular in ter ac tions such van der Waals, charge-
 trans fer, stack ing in ter ac tions and hy dro gen-bond ing are
the most im por tant in ter ac tions [6]. Un der stand ing their
struc ture and in ter ac tions with ions and hy dro pho bic or -
ganic com pounds can give us im por tant in for ma tion about
their biodegradability, tox ic ity, and trans port prop er ties.
NOMs are pres ent in soil and wa ter thus they can in ter act
with nat u ral macromolecules such pep tide, pro teins or en -
zymes, so that  mo lec u lar mod el ing meth ods can give use -
ful in for ma tion about their in ter ac tions in mo lec u lar level.

In or der to un der stand the sol va tion struc ture and in ter -
ac tions of NOMs in aque ous so lu tion we have stud ied the
sol va tion struc ture and sur face pro pen sity to the air/aque -
ous so lu tion of build ing blocks of humic ac ids and we ob -
served that they have strong sur face pro pen sity and
de crease of sur face ten sion [7] of wa ter which is sup ported

by sur face sen si tive spec tros copy [8]. Such as vi bra tional
sum fre quency gen er a tion spec tros copy.

Garrido et al. stud ied the struc ture, conformational
changes and ag gre ga tion of Tem ple- North east ern - Bir -
ming ham (TNB) [9] model of humic acid which was pro -
posed by Sein et al. by mo lec u lar mod el ing ap proaches and
they re vealed wa ter mol e cules sta bi lize the sys tem spe -
cially when the model has big ger neg a tive charge and in
higher con cen tra tion of humic acid aque ous so lu tion ag -
gre ga tion takes place [10].

High flex i bil ity and pres ence of dif fer ent func tional
groups such as carboxylic acid, al co holic, phe no lic and hy -
dro pho bic groups in humic acid make them to be fa vor able
for in ter ac tion with metal ions and hy dro pho bic or ganic
com pounds.  Such in ter ac tions make humic ac ids to be in -
volved in metal ion com plex for ma tion and ag gre ga tion
which are stud ied both the o ret i cally and ex per i men tally.
Surface pro pen sity and ag gre ga tion to the air/wa ter oc cur
for humates aque ous so lu tions in which hy dro pho bic parts
of humates were moved to wards air/wa ter in ter face and hy -
dro philic parts to wards the bulk of aque ous so lu tion thus
de crease of sur face ten sion of such so lu tion so lu tions was
ob served [11]. 

In or der to un der stand the ad sorp tion pro cess of NOM
on the sur face of liv ing or gan isms in aquatic  en vi ron ments
we stud ied the in ter ac tions of NOM with  biomembranes
which is the cru cial as weak in ter ac tions such as hy dro gen
bond ing, van der Waals and hy dro pho bic in ter ac tions are
the dom i nant in ter ac tions. As study ing the in ter ac tions of
biomembrane of liv ing or gan isms is very com plex  due to
the fact that they con tain dif fer ent lipids with dif fer ent
com po si tions thus study the in ter ac tion of  model biomem -
brane can bring new in sights to un der stand the pro cess of
ad sorp tion and in flu ence of the sur face of  biomembrane by 
NOM. 

Weak in ter ac tions which are in volved in the ad sorp tion
of NOM on the sur face of liv ing or gan isms can bring in for -
ma tion to re veal the role of humic sub stances on the sur face 
of biomembranes and their key in ter ac tions on metal tox ic -
ity when bind ing to the sur face of liv ing or gan isms in
aquatic sys tems take place [5]. More over, study ing the in -
ter ac tion of NOM with dif fer ent bi o log i cal mem brane
brings valu able in for ma tion about the biodegradation pro -
cess of hy dro pho bic or ganic pol lut ants such as polycyclic
ar o matic hy dro car bons (PAH) in aque ous en vi ron ments
[12].
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This study brings new in sights  for the ad sorp tion and
in ter ac tion of dif fer ent mod els of NOM with dif fer ent
biomembrane such as, 2-dipalmitoyl-sn-glycero-3-phos-
phocholine (DPPC) and 1-palmitoyl -2- oleoyl - sn –
glycero -3 - phosphocholine (POPC) as typ i cal com po -
nents of cell mem brane.  As both POPC and DPPC mem -
brane have N(CH3)

3+ groups in their struc ture thus
elec tro static in ter ac tion be tween the neg a tively charged
func tional groups of the humic sub stances and the pos i -
tively charged groups N(CH3)

3+ of the biomembranes head
groups and hy dro pho bic in ter ac tions be tween the NOM
and mem branes bilayer, and hy dro gen bond ing be tween
the neg a tively charged func tional groups of the NOM and
the neg a tively charged groups of phos phate do main of the
head groups are the most im por tant in ter ac tion in the pro -
cess of ad sorp tion of humic sub stances on the sur face of
liv ing sur faces. 

 To un der stand such com plex phe nom ena as , we stud -
ied the sur face pro pen sity and in ter ac tion of TNB model of
NOM with lipid bilayers such  as both POPC and DPPC as
by clas si cal mo lec u lar dy nam ics (MD) sim u la tions and re -
vealed that the hydrophbic in ter ac tion be tween  or ganic
mol e cules and hy dro pho bic parts of humic acid is one of
the most im por tant fac tor for in ter ac tions and sur face pro -
pen sity to the air/aque ous so lu tion in ter face.  This study
also has char ac ter ized the in ter ac tions of NOM with bi o -
log i cal sur faces in or der to un der stand the role of dif fer ent
func tional groups such COOH, OH, ar o matic and aliphatic
parts of NOM with bi o log i cally rel e vant com pounds. 
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ANALYSIS OF LIVING CELL 3D INNER STRUCTURES FROM HIGH-RESOLUTION
BRIGHT-FIELD MICROSCOPY
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Knowl edge of com po si tion of bio chem i cal struc tures
(from organelles, bio-mo lec u lar as sem bles down to unique
biomolecules) is im por tant for un der stand ing of struc -
tural-func tional re la tion ships in side a liv ing cell and rec og -
ni tion its phys i o log i cal state. The best im ag ing tech nique is 
pro vided by a clas si cal mi cro scopic tech nique with out us -
age any con trast meth ods – bright-field light trans mis sion
mi cros copy. Pro vided we use an unlabelled, un dyed cell,
we ob tain its most real im age.

With re gards to phys i cal and physico-chem i cal pro cess, 
which oc cur dur ing pass ing light through a liv ing cell, we
de vel oped a math e mat i cal ap proach (Point Di ver gence
Gain) for seg men ta tion and anal y sis of three-di men sional
struc tures down to size of a cam era chip (x,y-co or di nates)
and scan ning z-step from their light dif frac tion and emis -
sion pat terns – ob ject spread func tions – as well as track ing
organelles cap tured in a z-stack of micrographs [1].

Our re sults show ne ces sity to con sider the tech ni cal
lim i ta tions of mi cros copy (i.e., pre ci sion of op tics, im age
reg is tra tion, size of scan ning z-step and a cam era pixel,
speed of im age ac qui si tion and stor age) in fu ture build -
ing-up of a new mi cro scope and relevant software.  

1. R. Rychtáriková, T. Náhlík, R. Smaha, J. Ur ban, D. Štys
Jr., P. Císaø, D. Štys, in ISCS 2014:In ter dis ci plin ary Sym -
po sium on Com plex Sys tems (Emer gence, Com plex ity and
Com pu ta tion 14), ed ited by A. Sanayei, O.E. Rössler, I.
Zelinka (Swit zer land: Springer), 2014, pp. 261-267.

This work was fi nan cially sup ported by Postdok JU
CZ.1.07/2.3.00/30.0006, by the GAJU 134/2013/Z, and by
the Min is try of Ed u ca tion, Youth and Sports of the Czech
Re pub lic pro jects CENAKVA (No. CZ.1.05/2.1.00/01.
0024) and CENAKVA II (No. LO1205 un der the NPU I
pro gram).
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THE ACTIVATION OF N-GLYCOSIDIC BOND CLEAVAGE OPERATED 
BY hOGG1 ENZYME CAN BE SPECIFICALLY CONTROLLED BY
ELECTROPHILICITY/NUCLEOPHILICITY OF THE GLYCOSIDIC 

NITROGEN OF NORMAL/DAMAGED NUCLEOSIDES 
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The role of lysine 249 (Lys 249) res i due of base-ex ci sion
re pair en zyme hOGG1 in ac ti va tion of N-glycosidic bond
cleav age was stud ied by means of the o ret i cal com pu ta tions 
for 2’-deoxyguanosine (G), 8-oxo-2’-deoxyguanosine

(OxoG) and N6-(2’-b-D-deoxyribofuranosyl)-2,6- diami -
no-4-hydroxy-5-formamidopyrimidine (FapyG). The in -
ter ac tion sites of Lys 249 in volved C1’, N3, and N9 at oms
of nu cleo sides that can be fore seen from avail able crys tal
struc tures. 

The mech a nis tic path way of nucleobase ex ci sion in -
volv ing at tack of lone-pair elec trons at glycosidic ni tro gen

N9 to Ne-am mo nium of Lys 249 re sulted in spe cific ac ti va -

tion of nor mal (G) and dam aged (OxoG, FapyG) nu cleo -
sides ow ing to dis tinct electrophilic or nucleophilic char ac -
ter of the glycosidic ni tro gen of nor mal and dam aged
nucleo sides. Other path ways in volv ing in ter ac tion of Lys
249 with N3 and C1’ at oms in that regard appeared
unspecific. 

The chem i cal mod i fi ca tion of nor mal G ow ing to dam -
age re sulted in al ter na tion of elec tronic char ac ter of glyco -
sidic ni tro gen, strength en ing of the C1’-N9 glycosidic
bond and de crease of the ar o matic char ac ter of five-
 membered ring of nucleobase. Par tic u larly the nucleo -
philicity/electrophilicity of N9 seems to con trol spe cif i -
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cally pro ton ad di tion to nucleobase dur ing its ex ci sion via

deprotonation of Ne-am mo nium of Lys 249. The check-
 point mech a nism pro posed the o ret i cally is co her ent with
base-spe cific en zy matic re pair of G, OxoG, and FapyG that 
was observed experimentally. 

The ac ti va tion op er ated by at tack of lone-pair elec trons

at glycosidic ni tro gen to Ne-am mo nium of Lys 249 was ef -
fi cient and spe cific with re spect to nor mal and dam aged
nu cleo sides ow ing to electrophilicity (G)/nucleophilicity
(OxoG, FapyG) of glycosidic ni tro gen and ow ing to cor -
rupted cat a lytic core that was ob tained spe cif i cally only for 
the dam aged nu cleo sides. The glycosidic ni tro gen of OxoG 

and FapyG can do nate lone-pair elec trons ca pa ble of in ter -

ac tion with pro ton of Ne-am mo nium of Lys 249 while
highly delocalized lone-pair elec trons at N9 of G can’t in -

ter act ef fi ciently with Ne-am mo nium. The Lys 249 there -
fore seems to be not only key cat a lytic res i due, but also the
res i due that is involved in recognition of damaged
nucleobases.

Šebera, Trantirek, Tanaka, Sychrovský, J. Phys. Chem. B
2012, 116, 12535-12544.

Šebera, Trantírek, Tanaka, Nencka, Fukal, Sychrovsky,
RSC Ad vances 2014, 4, 83, 44043 – 44051.
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USING NON-CRYSTALLOGRAPHIC-SYMMETRY TO SOLVE THE STRUCTURE OF A
PERFECT MEROHEDRAL TWIN CRYSTAL OF AICHI VIRUS (AIV)

C. Sabin & P. Plevka

Lab o ra tory of Struc tural Vi rol ogy, CEITEC, Masaryk Uni ver sity
Kamenice 5 / A35, Brno, 625 00, Czech Re pub lic
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Aichi vi rus (AiV) is as so ci ated with acute gastro -
enteritis and be longs to the fam ily Picornaviridae of small
(27-30nm in di am e ter), non-en vel oped, pos i tive-stranded
RNA vi ruses [1-2]. The 2.3 C res o lu tion dataset col lected
from a cu bic crys tal of AiV par ti cles dis played an ap par ent
sym me try space group of I432 that truly re vealed to be an
I23 space group with a per fect merohedral twinning. A ro -
ta tion-search us ing icosahedral 5-fold sym me try axes as
probes in GLRF soft ware [3] fol lowed by a trans la -
tion-search in the real space group have se lected one of the
pos si ble twin ori en ta tions to po si tion a capsid pro tein from
Poliovirus as first tem plate. 

A twinning re fine ment method was used to de ter mine
the ‘real’ reflexion hkl con tri bu tion to the ‘twinned’ re flec -
tion ‘hkl’. Thus for each reflexion, cal cu lated twinned in -
ten sity Icalc(‘hkl’), twin op er a tor (TWOP) and twin frac tion
(FRAC(hkl)) were de fined such as:

Icalc(‘hkl’) = 0.5 Icalc(hkl) + 0.5 Icalc(TWOP[hkl])

FRAC(hkl) = Icalc(hkl)/Icalc(‘hkl’)
FRAC(hkl) was then ap plied to the ob served in ten sity

Iobs(‘hkl’) as first ap prox i ma tion. Cy cles of twinning re -
fine ment as so ci ated with real-space av er ag ing of elec tron
den sity map us ing Non-Crys tal lo graphic Sym me try were
also re quired to man u ally build the model, im prove phases
and achieve the struc ture de ter mi na tion. The AiV capsid
con sists of a densely packed icosahedral ar range ment of 60 
protomers com prised of 3 polypeptides each.

1. Yamashita, T et al (1991) Iso la tion of cytopathic small
round vi ruses with BS-C-1 cells from pa tients with
gastroenteritis. J In fect Dis 164:954–957.

2. Yamashita, T et al (1998) Com plete nu cle o tide se quence
and ge netic or ga ni za tion of Aichi vi rus, a dis tinct mem ber
of the Picornaviridae as so ci ated with acute gastroenteritis
in hu mans. J Virol 72:8408-8412

3. Tong,T. & Rossmann,M.G (1972) The Locked Ro ta tion
Func tion. Acta Cryst. A46:783-792.
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MOLECULAR ARCHITECTURE OF ENCAPSULIN NANOCOMPARTMENTS: 
AN IRON-SEQUESTERING SHELL THAT PROTECT CELLS FROM OXIDATIVE

STRESS
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J. Ber nard Heymann1, Jo seph S. Wall4, Egbert Hoiczyk3, and Alasdair C. Stevena1

1NIAMS, Na tional In sti tutes of Health, Bethesda, MD 20892, USA
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To store iron and reg u late its me tab o lism, cells have de vel -
oped ferritin-based organelles: clas si cal fer ri tins and
bacterioferritins that func tion in iron stor age and Dps pro -
teins that nor mally func tion in iron de tox i fi ca tion [1]. Bac -
te ria ad di tion ally pos sess other kinds of pro tein-based
organelles, which al low them to en cap su late en zymes
and/or to se ques ter toxic or vol a tile prod ucts [2]. Myxoco -
ccus xanthus pro duces such pro tein-based par ti cles that ac -
cu mu late iron in its encapsulin nanocompartment, which is
com posed of the HK97-like shell pro tein EncA and three
mi nor pro teins, EncB, EncC and EncD [3]. These par ti cles
have dense iron-rich cores. We used cryo-elec tron mi cros -
copy and sin gle par ti cle re con struc tion tech niques to de ter -
mine the struc ture of na tive encapsulin par ti cles from M.
xanthus and re com bi nant EncA shells pro duced in E. coli.
The 3-D re con struc tion of na tive par ti cles shows them to
have the same T=3 icosahedral shell as re com bi nant par ti -
cles but filled with dense trilaminar ma te rial, which elec -
tron to mog ra phy shows to be com posed of 11-19 dense

gran ules, ~5.5 nm in di am e ter and not icosahedrally or -
dered. Based on STEM mass mea sure ments, we es ti mated
that the gran ules ac com mo date ~35,000 Fe at oms, as com -
pared to a max i mum of ~4,500 iron at oms in ferritin. In ad -
di tion to T=3 capsids, re com bi nant EncA pro duces smaller
par ti cles, mainly T=1 icosahedra. These ob ser va tions lead
to a model for iron-se ques ter ing encapsulin nano compart -
ments in which EncA en cap su lates the mi nor pro teins and
EncB and EncC act as min er al iz ing cen ters for iron gran ule 
as sem bly. 
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