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Changes in the glycosylation pat terns of var i ous glyco -
proteins are as so ci ated with sev eral dis eases. Hence de ter -
min ing dis ease-as so ci ated glycosylation pat terns and
het er o ge ne ity pro vides a better un der stand ing of dis ease
mech a nisms. This work fo cuses on the O-glycosylation of
im mu no glob u lin A1 (IgA1), where ab er rant glycosylation
plays a key role in the pathogenesis of IgA nephropathy
(IgAN). IgA1 hinge re gion car ries 3-6 O-glycans con sist -
ing of N-acetylgalactosamine (GalNAc) with galactose
(Gal); both glycans may be sialylated. In IgAN pa tients,
some O-glycans on a frac tion of IgA1 mol e cules are
Gal-de fi cient. Here we de scribe a sam ple prep a ra tion pro -
to col with op ti mized cysteine alkylation of a Gal-de fi cient
poly meric IgA1 myeloma pro tein prior to in-gel di ges tion

and anal y sis of hinge-re gion glycopeptides by MALDI-
 TOF/TOF mass spec trom e try (MS) as a novel strat egy.
IgA1 hinge-re gion glycopeptides were frac tion ated by re -
versed-phase liq uid chro ma tog ra phy us ing a microgradient 
de vice and iden ti fied by MALDI-TOF/TOF tan dem MS
(MS/MS). The ac quired MS/MS spec tra were in ter preted
man u ally and by means of our own soft ware, which al -
lowed as sign ing up to six O-glycosylation sites and sug -
gested pos si ble iso meric O-glycoforms. The most
abun dant Gal-de fi cient O-glycoforms were GalNAc4Gal3

and GalNAc5Gal4 with one Gal-de fi cient site and
GalNAc5Gal3 and GalNAc4Gal2 with two Gal-de fi cient
sites. The most fre quent Gal-de fi cient sites were at Ser230
and/or Thr236.
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Re pet i tive extragenic palindromic el e ments (REPs) con sti -
tute a group of bac te rial genomic re peats known for their
high abun dance and sev eral func tions of im por tance for
host cells´ phys i ol ogy. We an a lyzed the phylo gen etic dis -
tri bu tion of par tic u lar classes of REP el e ments in genomic
se quences of sixty-three bac te rial strains be long ing to the
Pseu do mo nas fluorescens spe cies com plex and ten strains
of Stenotrophomonas sp., in or der to as sess intraspecific
REP di ver sity and to gain in sight into long-term REP evo -
lu tion. 

Based on prox im ity to RAYT (REP-as so ci ated ty ro sine 
transposase) genes, twenty-two and thir teen unique REP
classes were de ter mined in flu o res cent pseudomonads and
stenotrophomonads, re spec tively.  REPs were gen er ally
oc cur ring in hun dreds or even over a thou sand of per fect

cop ies of par tic u lar REP class per ge nome. REP se quences
showed highly heterogenous dis tri bu tion. The abun dances
of REP classes roughly fol lowed host strains´ phy log eny,
dif fer ing mark edly among phylo gen etic clades. High abun -
dances of par tic u lar REP classes ap peared to de pend on the
pres ence of cog nate RAYT gene, and de vi a tions from this
state could be at trib uted to re cent or an cient mu ta tions of
rayt-flank ing REPs, or RAYT loss. RAYTs of both stud ied 
bac te rial groups are monophyletic, and their cog nate REPs
show spe cies-spe cific char ac ter is tics, sug gest ing shared
evo lu tion ary his tory of REPs, RAYTs and their hosts. 

Our results show that REP elements constitute
intriguingly dynamic components of genomes of
fluorescent pseudomonads and stenotrophomonads, and
indicate that REP diversification and proliferation are

Ó Krystalografická spoleènost

Ma te ri als Struc ture, vol. 20,   no. 1 (2013)       5



Ó Krystalografická spoleènost

6 Dis cus sions 11 - Lec tures Ma te ri als Struc ture, vol. 20, no. 1 (2013)

ongoing processes. High numbers of REPs have apparently 
been retained during the entire evolutionary time since the
establishment of these two bacterial lineages, probably
because of their beneficial effect on host long-term fitness.
REP elements in these bacteria represent suitable platform

to study interplay between repeated elements, their
mobilizers and host bacterial cells.
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Biomolecules such as en zymes can be solvated in or ganic
sol vents and ionic liq uids, lead ing ei ther to conformational
changes in their en zyme struc ture, or changes in their en zy -
matic ac tiv ity. The use of en zymes in or ganic me dia can
bring ben e fits for phar ma ceu ti cal in dus tries by ex ploit ing
its po ten tial for the asym met ric syn the sis of drugs be cause
a ma jor ity of these com pounds are in sol u ble in wa ter and
or ganic sol vent can im prove their sol u bil i ties. Al though or -
ganic sol vents and ionic liq uids can im prove the sol u bil ity
of such non-sol u ble com pounds, so lu tions con tain ing or -
ganic sol vents can not be used at all con cen tra tions for en -
zy matic re ac tions thus lim it ing the us age of or ganic
sol vents in in dus trial ap pli ca tions. Non aque ous so lu tions
are not only chang ing the na tive struc ture of en zymes or
their cat a lytic ac tiv ity, but they may lead even to de na tur -
ation of biomolecules. In or der to un der stand the sol va tion
struc ture of biomolecules in non-aque ous me dia and ionic
liq uids sur face struc ture and bulk prop er ties of them must
be stud ied both ex per i men tally and the o ret i cally.

Sur face and bulk prop er ties  of such non-aque ous me -
dia can be stud ied by dif fer ent ex per i men tal meth ods such
vi bra tional sum fre quency gen er a tion (VSFG) spec tros -
copy, sec ond har monic  spec tros copy as sur face sen si tive
meth ods and X-ray and neu tron dif frac tion meth ods as

tech niques to study bulk prop er ties. As the o ret i cal method,
clas si cal mo lec u lar dy nam ics (MD) sim u la tions have been
used to study both bulk and sur face prop er ties of pure
non-aque ous me dia and aque ous so lu tions of or ganic sol -
vents and ionic liq uids.

Due to spe cial prop er ties of ionic liq uids such as low
va por pres sure, high ther mal sta bil ity, elec tro chem i cal sta -
bil ity and low vol a til ity they can serve as better sol vents
than usual or ganic sol vents.

Non-aque ous me dia can have dif fer ent ef fect of the cat -
a lytic re ac tion such as low er ing the en ergy of ac ti vated
com plex or sta bi li za tion of en zyme in so lu tion. Also us ing
so lu tion of or ganic sol vents can im prove the sol u bil ity of
some re ac tant and sta bi lize the struc ture of biomolecules
both by hy dro pho bic  in ter ac tions and hy dro gen bond ing.   

In this talk sur face and bulk prop er ties of some protic
and aprotic ionic liq uids will be pre sented both the o ret i -
cally and ex per i men tally. More over, the struc ture and dy -
nam ics of model pro tein in non-aque ous me dia such as
pure and aque ous so lu tion of protic ionic liq uid which is
stud ied by means of clas si cal mo lec u lar dy nam ics (MD)
sim u la tions will be presented.
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Type1 re stric tion mod i fi ca tion sys tem are in trigu ing
multifunctional multisubunit mo lec u lar mo tors that can
cat a lyze both re stric tion and mod i fi ca tion ac tiv ity. These
en zymes binds to its tar get se quence and its ac tiv ity as an
endonuclease or methyltransferase is de ter mined by the
methylation state of the tar get se quence. If the tar get se -
quence is un mod i fied, the en zyme while bound to its tar get
site is be lieved to translocate or pull the DNA to wards it self 

si mul ta neously in both di rec tions in an ATP de pend ent
man ner.

The crys tal struc ture of the mo tor sub unit R has been
de ter mined by our group but the mo lec u lar mech a nism by
which these en zymes translocate and cleave the DNA is not 
fully un der stood. 

The type I mo tor sub unit has a square pla nar ar range -
ment of glob u lar do mains with a prom i nent cleft that can
ac com mo date DNA ex tend ing be tween two ca non i cal
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helicase do mains to the endonuclease ac tive site. ATP
bind ing is pro posed to play a ma jor role in cou pling the
both the ac tiv i ties as the crys tal struc ture shows an un ex -
pected con tact of endonulease LYS220 to the translocase
bound ATP. We be lieve this con tact play a ma jor role in
sig nal trans fer.

To ex plain the un der pin ning mo lec u lar mech a nisms of
cou pling ATP-de pend ent DNA translocation and DNA
cleav age and the com mu ni ca tion path way through the mo -
tor sub unit, we car ried out mo lec u lar dy nam ics sim u la tions 
with se lected mu ta tions on the endonuclease 220 and 180
loop, that could be po ten tially en gaged in conformational
changes that oc cur once translocation is stalled and a sig nal 
is trans mit ted to the endonuclease.

 Ad di tional in silico mu tants and their sim u la tions dem -
on strate the im por tance of inter do main in ter ac tions be -

tween he li cal-helicase2 do main and at the he li cal-
endonulease in ter face close to the pro posed DNA path for
DNA translocation and con se quent re stric tion ac tiv ity. 

We grate fully ac knowl edge sup port from the Czech Sci -
ence Foun da tion (pro ject num ber GACR P207/12/2323),
and the Grant Agency of the Uni ver sity of South Bo he mia
(grant no. 170/2010/P). Some com pu ta tions were per -

formed in MetaCentrum Super Com puter fa cil ity.
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We an a lyzed in ter ac tions be tween pro teins and DNA from
over a thou sand crys tal struc tures of their com plexes. To
this end, we built a da ta base of more than 50 thou sand pro -
tein/DNA con tacts that can sorted by a wide range of cri te -
ria such as the iden tity of the in ter act ing at oms and
res i dues, type of con tacts in clud ing wa ter-me di ated ones,
crys tal lo graphic res o lu tion, and pro tein Pfam clas si fi ca -
tion. 

Nov elty of the anal y sis lies in our fine-grained cat e go ri -
za tion of pro tein and DNA lo cal con for ma tions. Pro tein
struc tures were clas si fied into “pep tide blocks” [de
Brevern et al. Pro teins 41, 271 (2000)] and DNA struc tures
into dinucleotide con form ers [Svozil et al. NAR 36, 3690
(2008)]. We de ter mined how dis tri bu tions of pep tide
blocks and dinucleotide con form ers dif fer at and out side
the pro tein/DNA in ter face and dis cussed vari abil ity of the
dis tri bu tions be tween var i ous groups of struc tures (DNA

com plexes of en zymes, tran scrip tion fac tors, struc tural
pro teins) over all and also for con tacts to the DNA mi nor
and ma jor grooves and phos phates. We ex am ined how dif -
fer ent are oc cur rences of pep tide blocks and dinucleotide
con form ers at the in ter face and whether they are sta tis ti -
cally over- or un der-rep re sented. We con cen trated on anal -
y sis of di rect po lar con tacts (mostly hy dro gen bonds) and
wa ter-me di ated con tacts and ob served e.g. a unique be hav -
ior of the wa ter-me di ated con tacts in the DNA com plexes
of tran scrip tion com plexes. Anal y sis of tem per a ture dis -
place ment fac tors (“B-fac tors”) of the an a lyzed com plexes
showed the fun da men tal dif fer ence be tween be hav ior of
pro teins and DNA at the in ter face. 

This work is sup ported by the Czech Sci ence Foun da tion
(P305/12/1801). BS and JC are sup ported by the in sti tu -
tional grant AV0Z50520701.


