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SPECTRAL WATERMARKING APPROACH TO STIMULATED RAMAN
SPECTROSCOPY – BACKGROUND FREE FEMTOSECOND VIBRATION SPECTRA 

Miroslav Kloz

ELI-Beamlines, In sti tute of Phys ics, Na Slovance 2, 182 21 Praha 8, Czech Re pub lic, 
miroslav.kloz@eli-beams.eu

Ab stract: Femto second stim u lated Raman spec tros copy
(FSRS) is plagued by se ri ous base line is sues that lead to
spu ri ous peaks. Here we pres ent a ro bust ap proach to FSRS 
that fi nally turns it into a ver sa tile tool in struc tural bi ol ogy.

FSRS ex per i ment was in tro duced al ready nearly 20 year
ago, de spite its nu mer ous ben e fits it is still rec og nized as a
rel a tively ex otic tech nique with only a handfull of groups
world wide that put it into prac tice. The rea son is in in sep a -
ra bil ity of FSRS sig nal from the tran sient ab sorp tion and
other non-liear back grounds that bring nu mer ous ad ja cent

tech ni cal dificulties such as fixed pat ter noise. We
developped a “spec tra watermarking method” that borows
con cepts form the field of in for ma tion procesing but
essentialy func tion as spec tral modualtion based lock-in
de tec tion. Since Raman sig nal is a form of hihgly de fined
spec tra shift, such tech nique can safely ex tract the Raman
sig nal from the nu mer ous un wanted non lin ear sig nals.

Dig i tal watermarking is a tech nique of in scrib ing a sub -
tle sig nal (a wa ter mark) on top of an other, typ i cally much
stron ger, sig nal such as mu sic or video stream (car rier sig -
nal). The key prob lem is in de vel op ing a re li able method to
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Fig ure 1. (left) Peaks in the Raman spec tra are in fact rep li cas of spec tral shape of the Raman pulse. When a Raman ex per i ment is per -
formed with broad wa ter marked pulses the Raman peaks are man i fested as de fined wa ter marks.

Fig ure 2. (right) Pro ce dure of dif fer en tial wa ter mark in scrib ing: the cho sen wa ter mark with zero in te gral (W0) is di vided into pos i tive
(W+) and neg a tive (W-) com po nents. Two ex per i ments are per formed with Rp pulses W+ and W-. The dif fer ence of these ex per i ments
re sults in a sig nal where Raman peaks carry the W0 wa ter mark while the broad band base line and fix pat tern noise are simultaneously
suppressed.



in scribe the wa ter mark in such a way that it does not sub -
stan tially ob struct the orig i nal sig nal, and at the same time
can be re trieved with high fi del ity in de pend ent of the car -
rier sig nal struc ture, and ide ally even sus tain sig nal al ter -
ation dur ing tran scrip tion to var i ous for mats. This can be
achieved by in scrib ing the wa ter mark as pseudorandom
wave lets. When data mixed with a wa ter mark are con vo -
luted by a sec ond iden ti cal wa ter mark in post-pro cess ing,
the po si tion of the wa ter mark is man i fested as a sharp lo -
cal ized peak due to con struc tive in ter fer ence. With this in -
for ma tion the sep a ra tion of the watermark from the carrier
signal becomes trivial matrix multiplication. 

We rec og nized an im por tant anal ogy be tween dig i tal
watermarking and the Raman ex per i ment. In both cases the 
goal is to de tect a fine struc ture on top of a strong, broad -
band and gen er ally un spec i fied back ground. In the Raman
ex per i ment, flu o res cence or stim u lated emis sion can be
treated as the car rier sig nal while the Raman sig nal it self
can be seen as a wa ter mark. The key prob lem in cur rent
femto second fre quency do main Raman spec tros copy
(FSRS) is that it de pends on em ploy ing a spec trally-nar row 
Raman ex ci ta tion that leads to a sin gle spe cific man i fes ta -
tion of the Raman sig nal (up per part of Fig. 1). The ad van -
tage of such ap proach is that the re corded spec tro gram
rep re sents a di rect im age of the vi bra tional spec tra. Now a -
days, how ever, in the era of dig i tized de tec tion this ben e fit

dropped in im por tance. Im plicit data can be au to mat i cally
con verted to an ex plicit sig nal pro vided that the cor rect
rou tine ex ists. The tra di tional ap proach of im prov ing sig -
nal con trast by re peat ing the same ex per i ment with a fixed
nar row Raman ex ci ta tion leads to im prove ment of the sig -
nal, but the back ground sig nal is con stantly ac cu mu lated as 
well. If we in stead ac cu mu late data by cy cling the Raman
sig nal as pseudorandom wa ter marks (bot tom part of Fig. 2) 
we can in prin ci ple re cover only the de sired sig nal. This is
in deed pos si ble ex per i men tally by watermarking the pulses 
used to gen er ate Raman sig nal (Raman pulse-pump: “Rp”), 
which re sults in a di rect watermarking of the Raman sig nal  
as il lus trated in Fig. 1-2. Fig ure 2 show that when water -
markign is gen er ated as a dif fer ence of two com ple men tary 
wa ter marks, it yields aditional ben e fit  of fixed pat tern
noise sup pres sion and aditional base line removal. The
method was already proven valid in applications such as
investigation of carotenoid S* state origin or inspecting
cofactors in proteins (fig 3). 

1. Kloz, M.; Wei; Polivka, T.; Frank, H. A.; Kennis, J. T. M.
“Spec tral watermarking in femto second stim u lated Raman
spec tros copy: re solv ing the na ture of the carotenoid S*
state”,  Phys i cal Chem is try Chem i cal Phys ics, 21, 2016.
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Fig ure 3. Ex am ple of data prcessed via watermarking. Femto second Raman spec tra evo lu tion of peridinin chlorophysl pro -
tein af ter ex ci ta tion at 480 nm is dis played above. Note the per fect base line achieved without any ad hoc corrections.
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CRITICAL DEFECTS IN CRYOPRESERVED CELL NUCLEI: 
DNA STRUCTURE CHANGES

Mar tin Falk1*, Iva Falková1, Eva Pagáèová1, Olga Kopeèná1, Alena Baèíková1, Dan iel Šimek2,
Mar tin Golan2,4, Shelby E. Follett3,  Boøivoj Klejdus5,6, K. Wade Elliott7, Krisztina Varga7, 

Olga Teplá8,9 and Irena Kratochvílová2*

1The Czech Acad emy of Sci ences, In sti tute of Bio phys ics, Královopolská 135, CZ-612 65 Brno, Czech Rep.
2The Czech Acad emy of Sci ences, In sti tute of Phys ics, Na Slovance 2, CZ-182 21, Prague 8, Czech Rep. 

3De part ment of Chem is try, Uni ver sity of Wy o ming, 1000 E. Uni ver sity Ave Laramie, WY 82071, USA
4Fac ulty of Math e mat ics and Phys ics, Charles Uni ver sity in Prague, Ke Karlovu 5, CZ-121 16 Prague 2, CR

5In sti tute of Chem is try and Bio chem is try, Fac ulty of Agron omy, Men del Uni ver sity in Brno, Zemìdìlská 1,
CZ-613 00

6CEITEC-Cen tral Eu ro pean In sti tute of Tech nol ogy, Men del Uni ver sity in Brno, Zemìdìlská 1, CZ-613 00
Brno, Czech Re pub lic

7De part ment of Mo lec u lar, Cel lu lar, and Bio med i cal Sci ences, Uni ver sity of New Hamp shire, 46 Col lege
Road, Dur ham, NH 03824, USA

8ISCARE IVF a.s. Jankovcova 1692, CZ-160 00 Praha 6
9VFN  Gynekologicko-porodnická klinika, Apolináøská 18, CZ-120 00, Czech Re pub lic

In this work, we shed new light on highly dis cussed
chroma tin frag men ta tion of cryopreserved cells. More -
over, for the first time, we de scribed rep li cat ing cell-spe -
cific DNA dam age and higher-or der chromatin al ter ations
af ter freez ing/thaw ing. We iden ti fied DNA struc tural
changes as so ci ated with the freeze/thaw pro cess and cor re -
lated them with the vi a bil ity of cells that had been frozen
and thawed. We si mul ta neously eval u ated DNA de fects
and higher-or der chromatin struc ture of frozen and thawed
cells with and with out cryoprotectant treat ment. We found
that in rep li cat ing (S phase) cells, DNA was pref er en tially
dam aged by rep li ca tion fork col lapse, po ten tially lead ing
to DNA dou ble strand breaks (DSBs), which rep re sent an
im por tant source of both ge nome in sta bil ity and de fects in
epigenome main te nance. This in duc tion of DNA de fects

by the freeze/thaw pro cess was not pre vented by any
cryoprotectant stud ied. Both in rep li cat ing and non-rep li -
cat ing cells, freez ing and thaw ing al tered the chromatin
struc ture in a cryoprotectant-de pend ent man ner. In ter est -
ingly, cells with con densed chromatin, which was strongly
stim u lated by dimethyl sulfoxide (DMSO) prior to freez ing 
and ac com pa nied by the shrink age of their nu clear en ve -
lopes, had the high est rate of sur vival upon freez ing. The
re sults of our work will fa cil i tate the fu ture de sign of com -
pounds and pro ce dures [1] to de crease in jury to
cryopreserved cells.

1. I. Kratochvílová, M. Golan, K. Pomeisl, J. Rich ter, S.
Sedláková, J. Šebera, J. Mièová, M. Falk, I. Falková, D.
Øeha, K. W. Elliott,K. Varga, S. E. Follett, D. Šimek , RSC 
Ad vances 7 (2017) 352-360.
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A DNA STRUCTURAL ALPHABET DISTINGUISHES THE STRUCTURAL FEATURES
OF DNA BOUND TO TRANSCRIPTION FACTORS AND HISTONE PROTEINS

Bohdan Schnei der 1, Paulína Božíková 1, Petr Èech 2, Dan iel Svozil 2 and Jiøí Èerný1 

1In sti tute of Bio tech nol ogy of the Czech Acad emy of Sci ences, BIOCEV, Prùmyslová 595, 
CZ-252 50 Vestec, Prague West, Czech Re pub lic

2Lab o ra tory of In for ma tics and Chem is try, Fac ulty of Chem i cal Tech nol ogy, 
Uni ver sity of Chem is try and Tech nol ogy Prague, Technická 5, CZ-166 28 Prague, Czech Re pub lic

bohdan.schnei der@gmail.com

We an a lyzed the struc tural be hav ior of DNA complexed
with reg u la tory pro teins (mostly tran scrip tion fac tors) and
the nucleosome core par ti cle (NCP). The three-di men -
sional struc tures of al most 25 thou sand dinucleotide steps
from more than 500 se quen tially non-re dun dant crys tal
struc tures were clas si fied by us ing DNA struc tural al pha -
bet CANA (Conformational Al pha bet of Nu cleic Ac ids) de -
scribed in [1] and as so ci a tions be tween ten CANA let ters
and six teen dinucleotide se quences were in ves ti gated. The
as so ci a tions showed fea tures dis crim i nat ing be tween spe -

cific and non-spe cific bind ing of DNA to pro teins. Im por -
tant is the spe cific role of two DNA struc tural forms,
A-DNA, and BII-DNA, rep re sented by the CANA let ters
AAA and BB2: AAA struc tures are avoided in non-spe cific
NCP com plexes, where the wrap ping of the DNA du plex is 
ex plained by the pe ri odic oc cur rence of BB2 ev ery 10.3
steps. In both reg u la tory and NCP com plexes, the ex tent of
bend ing of the DNA lo cal he li cal axis does not in flu ence
pro por tional rep re sen ta tion of the CANA al pha bet let ters,
namely the rel a tive in ci dences of AAA and BB2 re main

Ó Krystalografická spoleènost

Ma te ri als Struc ture, vol. 25,  no. 1  (2018)       5



con stant in bent and straight du plexes. The anal y sis is de -
scribed in de tail in [2]. 

1. B. Schnei der, P. Božíková, I. Neèasová, P. Èech, D.
Svozil, J. Èerný: A DNA struc tural al pha bet pro vides a
new in sight into the DNA flex i bil ity. Acta
Crystallographica D 74: 52-64 (2018). 

2. B. Schnei der, P. Božíková, P. Èech, D. Svozil, J. Èerný: A
DNA Struc tural Al pha bet Dis tin guishes Struc tural Fea tures 

of DNA Bound to Reg u la tory Pro teins and in the
Nucleosome Core Par ti cle. Genes 8: 278 (2017). 

This work was fi nan cially sup ported by the in sti tu tional
fund ing to the In sti tute of Bio tech nol ogy (RVO 86652036),
and by two ERDF and MEYS pro jects: BIOCEV
(CZ.1.05/1.1.00/02.0109) and ELIXIR-CZ (CZ.02.1.01/
0.0/0.0/16_013/0001777). 
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MECHANISMS OF G-QUADRUPLEX BIOCHEMICAL SPECIFICITY

So fia Kolesnikova1,2, Kateøina Švehlová1,3, Tat’ána Majerová1, Tereza Streckerová1,2, Juan
Alfonso Redondo Marín1, Lukáš Vrzal1, Jan Šilhán1, Václav Veverka1, Ed ward A. Curtis1

1In sti tute of Or ganic Chem is try and Bio chem is try ASCR, Prague 166 10, Czech Re pub lic,
curtis@uochb.cas.cz

2De part ment of Bio chem is try and Mi cro bi ol ogy, Uni ver sity of Chem is try and Tech nol ogy, Prague 166 28,
Czech Re pub lic

3Charles Uni ver sity in Prague, Fac ulty of Sci ence, Prague 128 44, Czech Re pub lic

G-quadruplexes are four-stranded nu cleic acid struc tures
thought to play wide spread bi o log i cal roles [1]. The grow -
ing list of cel lu lar pro cesses thought to be reg u lated by
DNA or RNA G-quadruplexes in cludes tran scrip tion,
RNA pro cess ing, trans la tion, and mRNA lo cal iza tion.
More than 30 pro teins have been iden ti fied that in ter act
with G-quadruplexes in var i ous ways, and hand ful of cel lu -
lar co factors that bind G-quadruplexes have also been iden -
ti fied. This di ver sity of bio chem i cal func tion raises an
im por tant ques tion: how does the cel lu lar ma chin ery dis -
tin guish the many G-quadruplexes in the ge nome? We are
ex plor ing the hy poth e sis that this spec i fic ity can be
achieved by mu ta tions in the pri mary se quence of the
G-quadruplex it self. To test this idea, we gen er ated a
496-mem ber G-quadruplex li brary, and tested each mem -
ber for five dif fer ent bio chem i cal ac tiv i ties as so ci ated with 

G-quadruplexes: the abil ity to bind GTP, to pro mote
peroxidase re ac tions, to form dimers, to form tetramers,
and to gen er ate flu o res cence [2-4]. This re vealed that mu -
ta tions in both tet rads and loops can sig nif i cantly al ter the
spec i fic ity of a G-quadruplex to fa vor a par tic u lar bio -

chem i cal ac tiv ity. In some cases, changes in spec i fic ity are
cor re lated with changes in the multimeric state of the
G-quadruplex. We also iden ti fied a small-mol e cule ligand
that in hib its multimerization, rais ing the pos si bil ity that
G-quadruplex spec i fic ity can be mod u lated by small mol e -
cules.  We are cur rently us ing a com bi na tion of NMR and
X-ray crys tal log ra phy to better un der stand these mu ta tions
from a struc tural per spec tive, and pre lim i nary re sults in
this area will be dis cussed. Taken to gether, these ex per i -
ments pro vide new in for ma tion about the mech a nisms of
G-quadruplex spec i fic ity, and should facilitate analysis of
the biochemical roles of these structures in cells.

1. Da vis, J.T., Angew. Chem. Int. Ed. Engl., 2004, 43,
668-698.  

2. Švehlová, K., Law rence, M.S., Bednárová, L. and Curtis,
E.A., Nu cleic Ac ids Res., 2016, 44, 10789-10803. 

3. Kolesnikova, S., Hubálek, M., Bednárová, L., Cvaèka, J.
and Curtis, E.A., Nu cleic Ac ids Res., 2017, 45, 8684-8696.

4. Majerová, T., Streckerová, T. and Curtis, E.A., Sub mit ted.

L5

STRUCTURAL CHARACTERIZATION OF BIOMEMBRANES: THE ROLE AND IMPACT
OF COMPOSITION

Giovanna Fragneto

Institut Laue-Langevin, 71 av e nue des Mar tyrs, BP 156, F-38000 Grenoble

The struc tural characterizaton of lipid bilayers pres ents
fun da men tal in ter est both in phys ics, for the study of thin
fluc tu at ing soft lay ers, and in bi ol ogy, for the un der stand -
ing of the func tion of bi o log i cal mem branes. This rep re -
sents still a chal lenge: per form ing mea sure ments on few
nanometer thick, soft, visco-elas tic and dy namic sys tems is 
close to the lim its of the avail able tools and meth ods.

Neu tron scat ter ing tech niques are rap idly de vel op ing
for these stud ies. Since many bi o log i cal pro cesses oc cur at
in ter faces, the pos si bil ity of us ing neu tron re flec tion to
study struc tural and ki netic as pects of model as well as real
bi o log i cal sys tems is of considerable interest.

The most ef fec tive use of neu tron re flec tion in volves
ex ten sive deu te rium sub sti tu tion and this is be com ing more 
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and more an avail able op tion in bi o log i cal sys tems in gen -
eral and lipid bilayers in par tic u lar [1]. The use of
deuterated lipid ex tracts pres ents rel e vant dif fer ences both
with the hy dro ge nated coun ter part and with synthetic
systems [2, 3].

The talk will re view some prog ress made in the last few
years by us ing neu tron scat ter ing at the ILL in the struc tural 
char ac teri sa tion of biomembrane sys tems, ef forts to build
and char ac ter ize more and more com plex sys tems [2-4],
the im pact in health re lated stud ies [4-6], and will pro vide
per spec tives for fu ture de vel op ments [7]. It will aim at
high light ing neu tron reflectometry as a ver sa tile method to

tackle ques tions deal ing with the un der stand ing and func -
tion of biomembranes and their com po nents. The im pact of 
com po si tion on the structure will be highlighted.

1. A. de Ghellinck, et al., PlosOne 2014.

2. A. de Ghellinck et al., BBA-Biomembranes 2015.

3. A. Luchini et al., Coll. Surf. B 2015.

4. V. Rondelli et al., Sci. Rep. Nat. 2016.

5. A. Martel et al., JACS 2016.

6. D. Di Silvio et al., JCIS 2017
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STUDY ON ACTIVE SITE OF NUCLEOSIDE N-RIBOHYDROLASES FROM ZEA MAYS 

Eva Hájková1, Armelle Vigouroux2, Radka Konèitíková1, Martina Kopeèná1, Da vid Zalabák3,
Ondøej Novák4, Ondøej Plíhal3, Solange Moréra2, Da vid Kopeèný1

1De part ment of Pro tein Bio chem is try and Proteomics, Cen tre of the Re gion Haná for Bio tech no log i cal and
Ag ri cul tural Re search, Fac ulty of Sci ence, Palacký Uni ver sity, Olomouc, Czech Re pub lic

2In sti tute for In te gra tive Bi ol ogy of the Cell, CNRS-CEA-Univ. Paris-Sud, Université Paris-Saclay,
Gif-sur-Yvette, France

3De part ment of Mo lec u lar Bi ol ogy, Cen tre of the Re gion Haná for Bio tech no log i cal and Ag ri cul tural Re -
search, Fac ulty of Sci ence, Palacký Uni ver sity, Olomouc, Czech Re pub lic

4Lab. of Growth Reg u la tors, Inst. of Ex per i men tal Bot any ASCR & Palacký Uni ver sity, Olomouc, Czech Rep.

Pu rine and py rim i dine nu cleo sides are hy dro lyzed by
nucleoside N-ribohydrolases (NRHs, E.C. 3.2.2.-). These
cal cium-de pend ent en zymes cat a lyze a cleav age of the
N-glycosidic bond in nu cleo sides to en able the re cy cling of 
the nucleobases and ribose. NRHs im pose a strict spec i fic -
ity for the ribose moi ety while res i dues in ter act ing with the
nucleobase highly vary. There are at least two sub classes of 
NRHs in plants, which be long to a class of non spe cific
inosine/uridine NRHs. They dif fer in their sub strate spec i -
fic ity and pref er ences to wards inosine and xanthosine
(sub class I) or uridine and xanthosine (sub class II). We
per formed a crys tal lo graphic study com bined with site-di -
rected mu ta gen e sis and ki netic anal y ses to study
nucleoside bind ing sites in two maize NRHs rep re sent ing
both sub classes, namely ZmNRH2b and ZmNRH3. Crys tal 
struc tures of ZmNRH2b apoform and its com plexes were
solved up to 1.75 C res o lu tion and they were fur ther com -
pared with the struc ture of ZmNRH3. A role of sev eral ac -
tive-site res i dues was deeply stud ied in both en zymes de tail 

and cer tain mu ta tions were found to in crease the hy dro ly sis 
of cytokinin ribosides. We fur ther an a lyzed spa tial and
tem po ral ex pres sion of all five ZmNRH genes pres ent in
maize as well as a tran sient ex pres sion of ZmNRH-GFP fu -
sion pro teins in maize proto plasts. We also con structed and 
se lected ho mo zy gous dexa meth a sone-in duc ible ZmNRH
overexpressor lines (for all five maize NRH genes) in
Arabidopsis thaliana to an a lyze the en zyme func tion in
planta and mea sured lev els of pu rine, py rim i dine and
cytokinin me tab o lites. Fi nally, our ex per i ments proved that 
NRHs me tab o lize also cytotoxic me tab o lites like
5-fluorouridine and 2-chloroadenosine.

This work was sup ported by the grant 15-22322S from the
Czech Sci ence Foun da tion, the MOBILITY grant
7AMB17DE009 and the grant LO1204 from the Na tional
Pro gram of Sustainability I by the Min is try of Ed u ca tion,
Youth and Sports, Czech Re pub lic and in ter nal grants
IGA_PrF_2017_016 and IGA_PrF_2018_033 from
Palacký Uni ver sity Olomouc.


