JERS,
48 2, Mendelova

5 ® A : M | ’ VYSOKE
< » univerzita @& O E SN e
> ZJ vBrné @& LN VERNE
v &) ¢ i

P ‘

o “w

ICEITEC

Stfedoevropsky technologicky institut
BRNO | CESKA REPUBLIKA

®  fyziklnich
v chemiki
, a elektrochemiku

SN0 Pracovni

\ T KV e
‘sq ' setkani
- N

bornik prispévku

no 3.-4. 6. 2014



Vsechna prava vyhrazena. Zddna ¢ast této elektronické knihy nesmi
byt reprodukovana nebo $ifena v papirové, elektronické ¢i jiné podobé
bez pfedchoziho pisemného souhlasu vykonavatele majetkovych prav
kdilu, kterého je mozno kontaktovat na adrese — Nakladatelstvi
Masarykovy univerzity, Zerotinovo ndmésti 9, 601 77 Brno.



SIBRS72,  Mendelova
QS ® . .
: , univerzita i St o — i il — v
<.>}1 i[g v Brne central european institute of technology
'Zp% g BRNO | CZECH REPUBLIC
tana B .

XIV. Pracovni setkani

fyzikalnich chemiku a elektrochemiku

14" Workshop of Physical Chemists and Electrochemists

Sbornik prispévku

3.—4. 6. 2014

Masarykova univerzita

Brno 2014

~

.
o
Pl I o 3 .°$\“ 5”"“‘.
. * . M ¥ 3 L
" M $ 2
evropsiy [N y - %M;
sociaini MINISTERSTVO SKOLSTV Vzdélavani "4. ?_\3
-y fondvCR EVROPSKA UNIE  MLADEZE A TELOUYGHOVY ZANA®

INVESTICE DO ROZVOIJE VZDELAVANI




XIV. Pracovni setkani fyzikdlnich chemikd a elektrochemikd Brno 2014

Organizace poradajici konferenci

Prirodovédecka fakulta Masarykovy univerzity v Brné
Ustav chemie

Kotlatska 2

611 37 Brno

http://www.sci.muni.cz

Agronomicka fakulta Mendelovy univerzity v Brn¢
Ustav chemie a biochemie

Zemédélska 1

613 00 Brno

http://ucb.af.mendelu.cz

Fakulta elektrotechniky a komunikaénich technologii Vysokého uceni technického v Brné
Ustav mikroelektroniky

Technicka 3058/10

616 00 Brno

http://www.umel.feec.vutbr.cz

Organizacni zabezpeceni konference

Libuse Trnkova

libuse@chemi.muni.cz (Ustav chemie, P¥F, MU)

René Kizek

kizek@sci.muni.cz (I'Jstav chemie a biochemie, AF, MENDELU)
Jaromir Hubalek

hubalek@feec.vutbr.cz (Ustav mikroelektroniky, FEKT, VUT v Brng)

Publikace neprosla jazykovou kontrolou. Jednotlivé piispévky jsou publikovany tak, jak byly
dodany autory. Za vécnou a odbornou spravnost jsou plné¢ odpovédni autoii ptispevki.
Podrobné informace vcetné sborniku piispévki jsou k dispozici na internetové adrese

http://sci.muni.cz/~labifel/

© 2014 Masarykova univerzita
ISBN 978-80-210-6842-1




XIV. Pracovni setkani fyzikalnich chemik( a elektrochemik Brno 2014

Pracovni setkani bylo podpoieno vyzkumnymi organizacemi a projekty :

R
Q@"E S”«y@ Mendelova TS
< s univerzita EZNSHN:e e
2 4 v Brné 4
& ——
%, ‘. N\

EICEITEC

central european institute of technology
BRNO | CZECH REPUBLIC

ERS,
T ﬂ s\\q s/%
: *
B
evropsky RN L :
sociaini b RS opvnuu ani %,
(Y fondvGR  EVROPSKAUNIE I ioin Yoo oo k2

S
Z4NABY

Vensis®

INVESTICE DO ROZVOJE VZDELAVANI

NanoBioMetalNet

Budovani vyzkumnych tym( a rozvoj univerzitniho vzdélavani vyzkumnych odborniki pro mikro- a nanotechnologle

NANO
TEA

CZ.1.07/2.3/.00/09.0224




XIV. Pracovni setkani fyzikdlnich chemikd a elektrochemikd Brno 2014

Sponzori pracovniho setkani

Organizatofi dekuji vSem letosnim sponzorim za podporu, kterd umoznila poradat tuto jiz
tradi¢ni akci: Metrohm Ceska Republika s.r.o., Eppendorf Czech & Slovakia s.r.o., Sigma -
Aldrich spol. sr.0., LABMARK a.s., Chromservis s.r.o., VWR International s.r.0., Biotech

a.s., Pragolab s.r.o , Ceska spoleénost chemické, pobocka Brno

L2 Metrohm
7\

eppendorf AN
VWR®S [/

We Enable Science ﬁ\

O cHROMSERVIS
CHROMSPEC

SPOL.SRO.

SIGMA-ALDRICH

V777777778 = / 4 57‘5:/-,. =
Q

praqoiab




XIV. Pracovni setkani fyzikalnich chemik( a elektrochemiki Brno 2014

Mili pratel¢,

vitime Vas na dalSim, jiz Ctrnactém ro¢niku Pracovniho setkani
fyzikalnich chemiki a elektrochemik (14"™ Workshop of Physical Chemists and
Electrochemists). Letosni konference se kona v novych prostorach Masarykovy
univerzity (MU) a my véfime, Zze se Vam v Univerzitnim kampusu Bohunice
(UKB) bude libit. Na organizaci celé akce se podileji vyznamné brnénské
vysoké Skoly — MU, MENDELU a VUT, kter¢ jsou zapojeny do centra védecké
excelence v oblasti véd o zivé piirod¢, pokrocilych materiald a technologii
(CEITEC: Central European Institute of Technology — stiedoevropsky
technologicky institut). Kondnim nasi konference bychom chtéli:

a) ukazat, ze k rozvoji védy prispiva zintenzivnéni mezioborové spoluprace,

tedy uzké propojeni védeckého vyzkumu v oblasti zivé a nezivé ptirody,

b) oslavit 95. vyroci od zalozeni dvou univerzit — MU a MENDELU,

C) pripomenout si 55. vyro¢i udéleni Nobelovy ceny za fyzikalni chemii

prof. Jaroslavu Heyrovskému za objev polarografie a také

d) poskytnout mladym a nadéjnym védcim prilezitost prezentovat svoje

vysledky, diskutovat o nich a ziskat informace, které¢ jim pomohou se dal

védecky rozvijet.

Zastitu nad XIV. Pracovnim setkanim fyzikalnich chemiki a elektrochemiki
ptijali rektor Masarykovy univerzity doc. PhDr. Mikula§ Bek, Ph.D., rektor
Mendelovy univerzity prof. RNDr. Ladislav Havel, CSc., a rektor Vysokého
uéeni technického v Brné prof. RNDr. Ing. Petr Stépanek, CSc. Na turovni
dékant se zastity ujali doc. RNDr. Jaromir Leichmann, Dr. (Ptirodovédecka
fakulta MU), doc. Ing. Pavel Ryant, Ph.D. (Agronomicka fakulta MENDELU)
a prof. Ing. Jarmila Dédkova, CSc. (FEKT VUT). Za technologicky institut
zastitu prevzal 1 prof. Ing. Radimir Vrba, CSc., védecky teditel pro oblast
pokrocilych materiali a nanotechnologii CEITEC.

Konference, jako kazdym rokem, bude jisté plna zajimavych pfispévkt ve
formé plenarnich (6) a zvanych prednasek (7) a také posterovych sdéleni (38),
ale hlavni pozornost bude vénovdna mladym védciim a studentim, ktefi se
zucCastni soutéze v Sekci mladych (SM). Stalo se uz zvykem, ze studenti
magisterského, doktorského, ale 1 bakalatského studia prezentuji v SM
v anglickém jazyce své ptispevky a jejich vystoupeni je hodnoceno odbornou
komisi po strance obsahové i formalni. Nejlepsi studenti jsou pak finan¢né i
vécné ocenéni. Podobné probiha soutéz o nejlepsi plakatové (posterové) sdéleni,
které autor uvede s kratkou prezentaci. Kazdy autor ma moznost rozhodnout se,
zda se této soutéze chce zucastnit.

Rozsifena abstrakta v anglickém jazyce od vSech ucastnikti konference
jsou zpracovdna do sborniku s pfidélenym ISBN, ¢imz sbornik odpovida
kritériim pro hodnoceni V a V v kategorii ,,Clanek ve sborniku*.

Dé&kujeme vSem firmdm, které podporuji Pracovni setkani fyzikalnich
chemikl a navazujici Letni elektrochemickou Skolu. Dékujeme spolupotradateli
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Letni elektrochemické $koly, firmé METROHM Ceska republika s.r.o.
Pod&kovani patii i Ceské spoleénosti chemické za piispévek na knizni ceny
vitéznym studentim.

Vsechny Uc€astniky na ptidé Masarykovy univerzity v novych prostorach
kampusu vitame a piejeme jim uspéSnou prezentaci, ktera spolu s bohatou
diskuzi mize byt dalsi inspiraci v jejich krasné ¢innosti — védeckém badani.

‘ == MOJE
=% UNIVERZITA
&V 1519-2014

"V Cem spolivd tvlréi proces ve védé? Ve schopnosti
poznat, co je dlleZité a co podruzné."

Jaroslav Heyrovsky
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Abstract

In this work the different types carbon materials, such as carbon fibers, graphite oxide,
exfoliated graphite were studied for the using as an electrode materials in supercapacitors.
The capacitance of the supercapacitors depends on the surface area of the electrode material,

therefore using of the carbon materials with high surface area is more effective.

1. INTRODUCTION

Carbon materials find their application as electrode materials or electro-conductive additives
in supercapacitors and electrodes of electrochemical power source. In this work carbon fibers,
graphite oxide, exfoliated graphite were used as main part of electrodes for supercapacitors [1,
2]. But the capacitance of the supercapacitors based on untreated carbon materials can be very
low; therefore, this characteristic can be increased by the using of different treatment
techniques. The aim of this work is the investigation of different types of carbon materials for

their using as electrode materials in supercapacitors.

2. MATERIAL AND METHODS

Graphite oxide was synthesized from high-quality graphite by the different modification of
Hummers method [3]. Exfoliated graphite was synthesized from graphite oxide. Also carbon
fibers and carbon fiber composite electrodes were investigated. The composite electrodes
based on a carbon fibers were prepared by following technique: the particles of metal,
oxygen-containing, compounds were deposited from solutions on the Activated Carbon Fiber
Material (ACFM) brand “UVIS-AK-V-240” (Russia) by electrophoresis in a controlled
conditions [4]. The electrophoresis was carried out in 0,01 M colloidal solution with the
particles of metals oxides and metal hydroxides. The colloidal solution passed through

ACFM. The electrophoresis was performed in the constant current density of 150 A/m® by

9




XIV. Pracovni setkani fyzikalnich chemik( a elektrochemiki Brno 2014

anodic. After the electrophoresis the ACFM was carefully washed out by distilled water, dried

up at 200 °C and then electrical capacitance was studied.

The carbon materials were suggested of use as the electrodes, therefore it were investigated by
the value of electrical capacitance (Cej). Voltammetric curves were obtained using Elins P-
30SM analyzer (Russia) in accordance with a three electrode scheme. All electrodes were
placed into the electrolyte of a 3.5 M H,SO, solution.

3. RESULTS AND DISCUSSION

The results of the capacitance measurements of electrodes based on carbon fibers, carbon
fiber composites, graphite oxide and exfoliated graphite are presented in Table 1. The
composite electrodes carbon fiber-Ni(OH), and —Co(OH), that were prepared by
electrophoresis, possessed higher capacitance values: maximum value that were obtained on
composite material “ACFM-Ni(OH),” is 377 F/g — the 7 times higher as compared with initial
ACFM fibers. The decreasing of potential scan rate induces the increasing of the capacitance.
The electrical capacitance at different scanning rate depends significantly on the formation of

electric double layer [5].

Table 1: Comparison of the different types of carbon material electrodes.

Ce (F/g) recorded at various of | Average . .
Electrode material potential scan rate, mV/s flow I?Aelzg)iosr,:tlon V\;ei'ngg[
rate, ml/s gnt. g g
2 5 10
ACFM ipitial 52 39 30 - - -
ACFM -MnO, 176 100 42 0,010 0,012 50%
ACFM -Co(OH), 322 210 120 0,012 0,010 46%
ACFM -Ni(OH), 377 252 123 0,017 0,007 30%
Graphite oxide #1 21 18 8 - - -
Graphite oxide #2 68 40 19 - - -
Exfoliated graphite #1
(obtained from GO) 101 n 32 ) ) )

Figure 1a shows that the electrophoretic particles precipitate firmly adhered to the fibers or
envelops. The exfoliated graphite sample possessed lower surface as compared with carbon
fibers, but this material was predominantly mesoporous and obtained 101 F/g capacitance
(Figure 1b).
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TM-1000_9522

Figure 1.: SEM micrographs of "ACFM - MnO,“ (a) and exfoliated graphite (b) samples

One of the components for synthesis of graphite oxide — KMnQy,, therefore using of certain
reagents amounts will provide the formation of MnO, on the surface of graphite oxide. The
exfoliated graphite possessed higher capacitance due to formation of manganese oxide on the
porous surface of the material. Therefore the capacitance of the exfoliated graphite was higher
than that of for GO. The exfoliation of the graphite oxide tends to the formation of the highly
porous material due to the rapid exhausting of the gases produced from surface functional

groups.

4. CONCLUSION

The results obtained shows that the carbon materials with high surface possess high
capacitance and can be used as electrode materials for supercapacitors. The capacitance can
be increased by using of different types of modifications which modify the textural properties

of the material and amplify the pseudocapacitance effects.

5. ACKNOWLEDGEMENT
The work has been supported by the Strategic Development Programme NSTU (project 3.1.2
Implemention of projects by young scientists, the project S-35).

6. REFERENCES

[1] Bannov A, Timofeeva A, Shinkarev V, et all.: Protection of Metals and Physical Chemistry of Surfaces,
50 (2014), 2, 183-190

[2] Jung I, Pelton M, Piner R: Nano Lett., 7 (2007), 12, 3569-3575

[3] Hummers W, Offeman R: J. Am. Chem. Soc., 80 (1958), 1339-1339

[4] Uvarov N, Mateyshina Yu, Ulihin A, et all.: ECS Transactions, 25 (2010), 21, 11-16

[5] Artem’yanov A, Sheveleva I: Russian Journal of Applied Chemistry, 7 (2004), 11, 1811-1814

11




XIV. Pracovni setkani fyzikalnich chemik( a elektrochemiki Brno 2014
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Abstract
Exposure to the natural plant extract aristolochic acid (AA) leads to the development of
aristolochic acid nephropathy (AAN), Balkan endemic nephropathy (BEN) and urothelial
cancer in humans. Beside AA, exposure to the mycotoxin ochratoxin A (OTA) potentially
contributes to the development of BEN. Therefore, we studied the influence of OTA on the
genotoxicity of AA in vivo. DNA adduct formation was analyzed in liver and kidney of rats
treated with AA, OTA or AA combined with OTA using the 3P-postlabelling method.
1. INTRODUCTION
Balkan Endemic nephropathy (BEN) is a chronic tubulointerstitial nephropathy characterized
by an insidious onset and gradual progression to end-stage renal disease, which was first
described more than 60 years ago. A charateristic feature of BEN is its close association with
upper urothelial carcinomas (UUC) of the renal pelvis and ureter. For the past decades the
majority of this research focused on various heavy metals, mycotoxins such as ochratoxin A
(OTA) and organic chemicals until recently when the carcinogenic and nephrotoxic plant
product aristolochic acid (AA) was identified as the main cause for the development of BEN-
associated UUCs [1-5]. Nevertheless a role of the nephrotoxin OTA in the development of
BEN cannot be ruled out, even though exposure to OTA was rejected as an important factor
for BEN/UUC by the EU Committee on Food Safety [6]. BEN is very similar to another
nephropathy, aristolochic acid nephropathy (AAN), which has been unambiguously proven to

be caused by AA exposure [2,5,7,8]. In this study we investigated influence of OTA on the
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genotoxicity of the plant extract AA, a natural mixture of 8-methoxy-6-nitro-phenanthro-(3,4-
d)-1,3-dioxolo-5-carboxylic acid (AAl, Fig. 1) and 6-nitro-phenanthro-(3,4-d)-1,3-dioxolo-5-
carboxylic acid (AAII) in Wistar rats in vivo.

2. MATERIAL AND METHODS

Rats were either treated separately with AA and OTA or with AA in combination with OTA,
namely, i.p. daily for 5 consecutive days with (i) a dose of 10 mg/kg body weight (bw) of the
natural plant extract AA, (ii) a dose of 2 mg/kg bw OTA and with (iii) both AA and OTA at
doses mentioned above. DNA of rat liver and kidney were analyzed for the presence of AA-
DNA adducts [2,7-9] and OTA-related DNA adducts [10,11] by **P-postlabeling. DNA
adduct levels (RAL, relative adduct labelling) were calculated as described [9]. AA-DNA
adducts were identified using reference standards as described [9]. For OTA-related DNA
adducts kidney DNA from OTA-treated Wistar rat [10,11] served as reference.

3. RESULTS AND DISCUSSION

Formation of AA-DNA adducts and OTA-related DNA adducts was determined by *2p-
postlabeling in liver and kidney of rats treated with a total i.p. dose of 50 mg /kg bw of the
plant extract AA (natural mixture of AAI and AAII), with a total i.p. dose of 10 mg/kg bw of
OTA, and with both these agents together. It is noteworthy that modifications to the nuclease
P1 version of *P-postlabelling assay were made in order to detect and quantify the AA-DNA
adducts [8, 9] and OTA-related DNA adducts [10,11], respectively.

Using the 3?P-postlabeling assay routinely used for the detection of AA-DNA adducts, all
liver and kidney samples from Wistar rats treated with AA showed an adduct pattern similar to
that found in kidney tissue from BEN and AAN patients [7,8,12]. The adduct pattern
consisted of three major adduct spots. Two of them have been identified as 7-(deoxyadenosin-
Ne-yl)aristolactam | (dA-AAl) and 7-(deoxyadenosin-N°-yl)aristolactam 11 (dA-AAII). It has
been shown previously that the dA-AAII adduct can be generated from AAI and is probably
formed via a demethoxylation reaction of AAI or dA-AAI [8]). Another adduct was identified
as  7-(deoxyguanosin-N%yl)aristolactam | (dG-AAI) whereas 7-deoxyguanosin-N*-
yDaristolactam Il (dG-AAIl) was not detectable. The dG-AAIl adduct has been found
previously at a low but detectable levels in DNA of rats treated with AAII in vivo or in ex vivo
and in vitro experimental systems [8,9]. Therefore, deoxyadenosine is the major target of
DNA modification by AA, pointing to the general importance of the dA-AAI and dA-AAll in
the carcinogenic process of AA. In contrast, no adducts were found in DNA of control rats

treated with vehicle only.

13




XIV. Pracovni setkani fyzikalnich chemik( a elektrochemiki Brno 2014

When samples were chromatographed under conditions suitable for the detection of OTA-
related adducts [10,11], all three purine AA-DNA adducts were also well separated and none
of the AA-DNA adducts migrated in the area of the thin-layer chromatography plate where
OTA-related DNA adduct spots would be located. The levels of AA-DNA adducts determined
by this method were similar to those found by the **P-postlabeling version routinely used for
the detection AA-DNA. However, in contrast, no OTA-related DNA adducts were detectable
in rats treated with OTA alone. Likewise, no OTA-related DNA adducts were found in liver
and Kidney of rats treated with AA together with OTA whereas AA-DNA adducts were clearly
detectable in these samples and identified as described above.

Generally, in all rats AA-DNA adduct levels were higher in kidney, the target organ of AA
genotoxicity, than in liver. In both organs the levels of AA-DNA adducts increased when AA
treatment was combined with the OTA exposure. Compared to adduct levels found in rats
treated with AA alone, DNA binding was 5.4- and 1.6-fold higher in liver and Kkidney,
respectively, than in rats treated with both AA and OTA. Therefore, OTA, when administered
to rats with AA, induces pathways which lead to a higher bioactivation of AA in both organs.
4. CONCLUSION
The results are the first findings strongly suggesting a potency of OTA when administrated
together with AA during exposure to contribute to the BEN/UUC development.
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Abstract

17a-ethinylestradiol (EE2) is an endocrine disruptor that is a key active ingredient
used in a variety of oral contraceptives. The objective of the present study was to determine a
role of individual rat CYP enzymes in EE2 oxidation. The contribution of CYPs in EE2
hydroxylation was investigated using specific inhibitors and/or inducers of individual CYPs.
Moreover, the heterologous baculovirus expression systems of rat CYPs (Supersomes'™)
were used for studying EE2 oxidation. The results found in this work suggest that EE2 is a
promiscuous substrate of rat hepatic CYPs, among them the CYP3A and 2C enzymes seem to
be most efficient.

1. INTRODUCTION

The oxidative metabolism of EE2 has been studied extensively. It undergoes
hydroxylation at the 2, 4, 6, and 16 o position of the steroid nucleus [1, 2]. The predominant
route of the EE2 oxidative metabolism in both rat and human is its 2-hydroxylation [3]. A 2-
hydroxyEE?2 derivative can be subsequently methylated to give 2-methoxyethinylestradiol [2].
EE2 oxidation represents only a small portion of the total EE2 metabolism, which can occur
by way of glucuronidation, methylation or sulfation [3].

The cytochrome P450 (CYP) enzymes play a major role in hydroxylation of EE2. In
early studies with antibody inhibition, CYP3A4 was reported as the major enzyme involved in
oxidation of EE2 in human liver [4]. Wang et al. [5] describe the CYP2C9 and 3A4 enzymes
predominantly contributing to the 2-hydroxylation of EE2 in human liver microsomes. The
authors also showed that recombinant CYP1A1, a predominantly extrahepatic CYP isozyme,
exhibited higher intrinsic catalytic activity than recombinant CYP3A4 and/or 2C9. Using
immunoinhibitory CYP antibodies, Ball et al. [2] found that CYP2C and 2E could be involved
in the 2-hydroxylation of EE2. However, in contrast to the results found by Wang et al. [5],
Ball et al. [2] postulated that CYP1AL1 does not play an important role in EE2 metabolism.

Since the discrepancies in data identifying CYP enzymes that participate in oxidation
of EE2, the aim of the present study was to extend our knowledge on this issue. The rat was

used in the study as a suitable model to measure EE2 oxidation in human [6].
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2. MATERIALS AND METHODS

Incubation mixtures contained in a final volume of 0.5 ml: 0.1 M potassium phosphate
buffer, pH 7.4, 50 uM EE2, 50 ul of NADPH-generating system and 0.5 uM microsomal CYP
or rat recombinant CYPs (50 pmol). The mixtures were incubated for 15 min at 37° C. The
reaction was terminated by addition of 1 ml of ethyl acetate. The metabolites were extracted
and the extracts were evaporated to dryness. The residues were dissolved in the mobile phase
for HPLC. EE2 and its metabolites were separated on Nucleosil column (C18, 4.6 x 250 mm,
5 um) with optimalized linear gradient elution. The mobile phase consisted of solvent A (20%
acetonitrile) and solvent B (80% acetonitrile). Detection wavelenght and temperature used in
a HPLC separation were 280 nm and 35 °C, respectively .

3. RESULTS AND DISCUSSION

When 50 uM EE2 was incubated with rat hepatic microsomes in the presence of
NADPH, three metabolite products were formed and separated by HPLC, which were
characterized to be the X-OH EE2, 2-OH EE2 and a dehydrogenated metabolite of EE2.

To resolve which rat CYP enzymes are responsible for oxidation of EE2, three
different approaches were used: (i) the use of CYP inducers, (ii) specific inhibitors of
individual CYPs, and (iii) the use of heterologous baculovirus expression systems of rat CYPs
(Supersomes™).

Add (i). An increase in formation of X-OH EE2 was formed in microsomes, in which
CYP2B/2C and 3A were induced by phenobarbital and PCN, respectively. Other inducers of
CYPs were found to decrease formation of this metabolite. Formation of 2-OH EE2 was
increased by pretreatment of rats with EtOH and PB indicating that CYP2B/2C and 2E1
might be involved in 2-hydroxylation of EE2.

Add (ii). The inhibition effect was studied using two different protocols. In the first
one, the reaction mixtures containing microsomes and a specific inhibitor were incubated 10
min in the presence of NADPH before an addition of EE2. In the other protocol, specific
inhibitors were pre-incubated with microsomes for the same time interval, but without
NADPH.

All tested inhibitors used in the study decreased oxidation of EE2 to X-OH EE2.
Essentially no changes in inhibitory capacity of a-naphtoflavone and ketoconazole were
detectable using both experimental protocols. This indicated reversible inhibition of X-OH
EE2 formation by these compounds. In contrast to these results, the inhibitory potency of
diethyldithiocarbamate (DDTC) and adamantane increased after their preincubation with
NADPH and microsomes. These results indicate that during pre-incubation of DDTC and
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adamantane with microsomes and NADPH the reactive intermediates modifying CYP2B and
2E1 activities with respect to X-OH formation are formed.

Inhibition of 2-hydroxylation of EE2 was produced by adamantane and ketoconazole
using the type of the inhibition protocol, where the reaction mixtures containing microsomes
and a specific inhibitor were incubated in the absence of NADPH before an addition of EE2.
However, under these conditions almost 1.5- fold increase in amounts of 2-OH EE2 were
caused by a-NF, a compound known to stimulate CYP3A activities [7,8], sulphaphenazole
and DDTC, respectively. Using the second type of inhibition protocol, EE2 oxidation to 2-OH
EE2 was also inhibited by adamantane and ketoconazol. A higher degree of inhibition of 2-
OH EE2 formation was mediated by the pre-incubation of these inhibitors in the presence of
NADPH. All these results indicated an important role of CYP3A in 2-hydroxylation of EE2,
but CYP2B and 2E1 could be also involved.

Add (iii). Using Supersomes™, except of the rat CYP1A1l and 2D2 enzymes, other
recombinant CYPs used in the experiments oxidized EE2 to X-OH metabolite. Amounts of X-
OH EE2 formed by these CYPs were, however, almost 10-times lower than those generated
by hepatic microsomes. In the case of EE2 oxidation to 2-OH EE2, only CYP2A2, 2C6, 2D1
and 3A1/2 catalyzed this reaction. Only a degree of EE2 hydroxylation to this metabolite by
CYP2A2 was similar to that found in hepatic microsomes.

4. CONCLUSION

The results found in this study indicate that EE2 is a substrate of various rat hepatic CYPs that
exhibit different efficiencies in oxidation of this endocrine disruptor.
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Abstract
Copper complexes of fluoroquinolones in the presence and 1,10-phenanthroline have been
synthesized and characterized with X-ray, IR and UV-VIS spectroscopy and also by quantum
chemical calculations.
1. INTRODUCTION
Fluoroquinolones (FQs) possess variety of biological activities including antimicrobial,
antiviral (anti-HIV) and antimalarial effects. Moreover, FQs have been demonstrated to

9 possess antitumor activity hand in hand with

interesting mechanical effect on the DNA. Nowadays,
the attention turns to the synthesis metal complexes
with FQs and a nitrogen donor heterocyclic ligand,

v

v which increases the biological activity [1]. Thus, this
Figure 1: Structure of work is focused on the structure, synthesis and
Cu(F hen)CI]; FQ=6-fluoro-4- . N
gxoglg?é?hydzo-;uinglone _3.  spectroscopic characterization of four copper(ll)

carboxilate complexes with FQs and 1,10-phenatroline (phen) and

compared with theoretical calculations.

2. MATERIAL AND METHODS

The UV-VIS spectra of the studied complexes were measured in methanol (MeOH) and H,O
by means of UV-3600 UV-VIS-NIR spectrometer (Shimadzu, Japan) in a 1 cm square quartz
cell. Infrared spectra in the region 4000-700 cm™* were recorded with the Nicolet model
Nexus 470 FT-IR spectrometer at room temperature using reflectance ATR technique. X-ray
diffraction data were collected on Oxford Diffraction Gemini R diffractometer equipped with
Ruby CCD detector and Mo Ka sealed-tube source at 100K or room temperature. The
quantum chemical calculations were performed using Gaussian03 program package [2]. The
copper complexes were studied at B3LYP/6-311G* theoretical level. Integral Equation
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Formalism Polarizable Continuum Model (IEFPCM) in solvent applied MeOH and H,O was
also taken into account. For all compounds under study the optimal geometries were
calculated; including IR line spectra and electron transitions using TD DFT treatment were

computed to all studied compounds.

3. RESULTS AND DISCUSSION

All complexes exhibit a d—d transition band in the UV-VIS spectra at 640 nm, typical for a
distorted square pyramidal geometry. In the IR spectra of the complexes, the replacement of
the valence stretching carboxylic vibration v(C=0)can Of fluoroquinolones at 1672-1720 cm™*
by the asymmetric, v(CO2)asym, at 1587-1602 cm ™ and the symmetric stretching v(CO2)sym, In
the range 1364-1387 cm* are indicative that fluoroquinolone ligand is coordinated to the
metal via pyridone (O1) and carboxylate oxygen (O2) atoms (see Fig. 1). It was found, that
the copper atom is five-coordinated, which confirmed the X-ray and quantum chemical
calculations. The slightly distorted square pyramid geometry is built of a bidentate
coordination of FQ and phen and a monodentate CI (and/or H,0).

4. CONCLUSION

The structure and spectroscopic characterization of four copper complexes with the new FQs
in the presence of phenantroline, has been studied experimentally and theoretically. In all

complexes was found the formation of the neutral mononuclear complex.
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Abstract

Utilizing the Western blotting and the real-time polymerase chain reaction methods,
expression of NAD(P)H:quinone oxidoreductase 1 (NQO1) protein and its mMRNA,
respectively, was found to be induced by treating rats with 3-nitrobenzanthrone (3-NBA), the
plant extract aristolochic acid (AA), AAl, ellipticine, Sudan I and dicoumarol. Because these
chemicals induced the expression levels of NQOL1 essential for metabolism dictating
biological activities of a variety of toxic xenobiotics including three of these inducers (3-
NBA, AA and AAl), they exert concerted regulatory control on their own genotoxic effects as

well as on potential toxic effects of numerous other environmental chemicals.

1. INTRODUCTION

Genotoxic effects of most carcinogens and pharmacological efficiencies of many drugs are
dependent on their metabolic activation. Although a majority of such xenobiotics is activated
by oxidative reactions, participation of reductive metabolism in activation of xenobiotics is
unquestionable. Knowledge of enzymes participating in such reductive activations is crucial
for many reasons. For example, it is important for elucidation of the fate of protoxicants and
procarcinogens, which become toxic after their reductive activation in organisms.
Furthermore, it is essential for the development of an ideal cancer chemotherapeutic prodrug,
which would be fully inactive until reductively metabolized by tumor-specific enzymes, or by
an enzyme that is metabolically competent only for the prodrug under physiological
conditions and is unique for the tumor. An enzyme system that fulfils one or both of these

criteria might be the cytosolic enzyme, NAD(P)H:quinone oxidoreductase (NQO1; EC
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1.6.99.2.). In general, NQO1 activity is higher in tumors than in the surrounding normal
tissues [1,2].

The obligatory two-electron reduction of quinones catalyzed by NQOL1 circumvents the
semiquinone stage and thereby prevents redox cycling and alkylation by these highly reactive
compounds [1,2]. Likewise, reductive activation of numerous other compounds such as toxic
chemicals (azo dyes and nitroso- or nitroaromatics) or anticancer drugs (e.g. prodrugs
mitomycin C and indoloquinone EQO9) was discovered as a function of NQO1 [1-3].
Expression and activities of NQO1 and/or other biotransformation enzymes (induction and/or
repression) might be essential for their fate in organisms as well as for their toxic or
pharmacological efficiencies. The NQO1 enzyme is inducible by a variety of agents [1,2].
Two distinct regulatory elements in the 5’-flanking region of the NQO1 gene that have been
studied extensively are the antioxidant response element (ARE), also called the electrophile
response element (EpRE), and the xenobiotic response element (XRE), also called aryl
hydrocarbon response element (AhRE). The ARE and the XRE have been shown to mediate
NQOL1 induction as well as repression, in many cellular systems. Induction through the XRE
involves the liganded aromatic hydrocarbon receptor (AhR). ARE-mediated NQO1 gene
expression is increased by a variety of antioxidants, tumor promoters and hydrogen peroxide
[1,2]. Nuclear factor-erythroid 2 (NF-E2) related factor 2 (Nrf2) is a basic leucine zipper
transcriptional factor that plays a key role in ARE-mediated NQO1 gene expression [1,2].

The aim of the present study was to compare a potency of several chemicals with different

structure to induce NQO1 in liver and kidney of rats.

2. MATERIAL AND METHODS

Male Wistar rats were treated intraperitoneally or by a gavage with 3-NBA, the plant extract
AA, AAL, ellipticine, Sudan | and dicoumarol as described previously [5-8]. Cytosols were
isolated from the livers and kidneys of this animal model [5-8]. The method of Western blot,
employing an anti-rat NQO1 antibody, was utilized to evaluate expression of this enzyme. Its
MRNA content in rat liver and kidney measured using the real-time polymerase chain reaction

(RT-PCR) and measurements of NQO1 enzyme activity were also carried out [5-8].

3. RESULTS AND DISCUSSION

Using a method of Western blotting with an antibody raised against rat NQO1 and the RT-
PCR, the effects of exposure of rats to 3-NBA, the plant extract AA, AAl, ellipticine, Sudan |
and dicoumarol on mRNA and protein expression levels of these proteins were analyzed. We
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found that these compounds were inducers of NQO1 in liver and kidney of rats both at the
transcriptional and translational levels. Up to more than 20-fold increases in NQO1 protein
expression levels were produced by treatment of rats with these compounds. Of them the
highest induction effect was caused by AA, followed by 3-NBA > Sudan | > ellipticine > AAI
> dicoumarol. The increase in protein levels was paralleled by an increase in mRNA
expression in most cases. In addition, an increased NQOL1 enzyme activity of this enzyme,
measured either with menadione or 3-NBA, AA and AAI as substrates, corresponded to an
induction potency of individual tested xenobiotics. Even though the mechanisms of NQO1
induction by these xenobiotics are still not clearly explained, it can be suggested that,
depending on the compound, both the ARE and the XRE might be capable of mediating the
induction of NQOL1 found in this work. Nevertheless, the detailed studies investigating the
mechanisms of NQOL1 induction by the tested chemical are needed to be performed and are

planned to be carried out in our laboratory.

4. CONCLUSION

Utilizing the Western blotting method, expression of NQO1 protein was found to be induced
by treating rats with 3-NBA, the plant extract AA, AAl, ellipticine, Sudan | and dicoumarol.
Since these compounds induced the expression levels of NQO1 that is essential for the
metabolism of some of them, dictating their carcinogenic efficienceies (3-NBA, AA, AAl),
these compounds exert concerted regulatory control on their own genotoxic and carcinogenic

effects.
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Abstract
The aim of this work was study chemical composition and structure of soil humic substances

(HS). Object of our study were three samples HS which were isolated from Humic Podzol
(locality KrkonoSe, Czech Republic). Isolation of HS was performed according to the
procedure recommended by the International Humic Substances Society. All samples of HS
were characterized by elemental analysis (EA), ultraviolet-visible spectroscopy (UV/Vis),
infrared spectroscopy (FTIR) and steady-state fluorescence spectroscopy. Absorption
coefficients (Egt/Eg;, E2/E3 and E4/Eg) of HS were calculated from the absorbance values.
Fluorescence coefficients (Milori index and Zsolnay index) of HS were calculated from the

area of the emission spectra.

1. INTRODUCTION
Humic substances (HS) are a major component of natural organic matter (NOM) and are the

dominant products of plant and animal degradation by microbial activity. HS, the main
organic constituents of soil and sediments are widely distributed over the earth’s surface,
occurring in almost all terrestrial and aquatic environments. Humic substances are complex
mixtures of high to low molecular weight species, so they are polydisperse systems with a
specific distribution of molecular weights. From a theoretical viewpoint, a better knowledge
of the chemical structure of HS is fundamental in order to more fully understand a great
number of natural processes occurring in natural ecosystems, such as the dynamics of
different elements, principally micronutrients, the transport of xenobiotics or the development
of plants and microorganisms; as well as those question related to the chemical features of
HS. The following spectroscopic techniques are prominent among those used for

characterization of HS: UV/Vis spectroscopy, Fourier-transform infrared spectroscopy (FTIR)
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and fluorescence spectroscopy. In addition to those techniques, fluorescence spectroscopy has

also been used in the study of HS [1].

2. MATERIAL AND METHODS
The objects of our study were three different samples of HS. HAs and FA were isolated from

Humic Podzol (locality Krkonose, Czech Republic). UV-VIS spectra of aqueous solutions
were measured by spectrophotometer Hitachi U-3900 in the wavelength range of 200-900
nm. Absorption coefficients (Eet/Eg;, E2/Es and Es/Eg) of HS were calculated from the
absorbance of aqueous solutions HS in UV/Vis spectral range. The Fourier transform infrared
spectra (FTIR) of HS were recorded over the range of 4000400 cm™' on pellets obtained by
pressing under reduced pressure a mixture of 1 mg of samples and 400 mg of dried KBr,
spectrometry grade. A Nicolet iS50 FTIR spectrophotometer operating with a peak resolution
of 4 cm™', and 128 scans were performed on each acquisition. Nicolet Omnic software was
used to obtain the spectra. For the fluorescence experiments the final concentration of the
HAs was adjusted to 10 mg-dm>. The pH-value of the samples was adjusted to seven using a
standard phosphate buffer. Total luminescence spectra (TLS) were obtained in the form of
excitation/emission matrix (EEM) by scanning the wavelength emission over the range of
300-600 nm, also the excitation wavelength was in 5 nm steps from 240 to 550 nm. The
following fluorescence coefficients were obtained: (i) Milori index: Emission spectra were
collected over the range of 460—650 nm using an excitation wavelength of 440 nm, and the
total area under these spectra was calculated [2]. (ii) Zsolnay index (HIX): HIX is calculated
from the ratio of two integrated regions of an emission scan (sum from Agn 435-480 nm
divided by the sum from Agy, 300-345 nm) using a fixed excitation (1gx 254 nm) [3].

The fluorescence intensity (I¢) values (in CPS/MicroAmp.) of samples were corrected using

method of Lakowicz [4]. The correction method of Lakowicz uses:

Apm+Aex
N

corr

(1)
where Fcor and Fops are the corrected and uncorrected fluorescence intensities and Aex and Aem
are the absorbance values at the current excitation and emission wavelengths. The path of the
exciting light is assumed to be equal to the path of the emitted light. Primary inner filter

effects are corrected as well as secondary inner filter effects.

3. RESULTS AND DISCUSSION
The values of the different indexes calculated from the UV-VIS spectra (Egt/Egz, E2/E3 and

E4/E¢) and elemental composition are presented in Table 1. The higher values of ratio Eg1/Eg;
of A55 HA (Humic Podzol) may be indicative of the presence of O-containing functional
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groups (hydroxyl, carbonyl, carboxyl and ester groups). Calculated value of humification
index (ratio E4/Eg) was lower for A55 HA isolated from Humic Podzol, which show on "light
brown" HA with higher molecular mass. The high values of humification index for HS
isolated from organic horizon (A15 w HA and A15 w FA) confirmed the presence of HS with
lower molecular mass and humification degree. Absorption coefficients E,/E3 of HS are in

good agreement with calculated values of index E4/Es.

Table 1: Elemental composition (weight %) and absorption coefficients (Egt/Eg;, E»/E3 and

E4/E5) of HS
HSsamples C[%] H[%] N[%] S[%] O[%] P[%] ash[%] Egt/Eg, E,E; E4Es
A55 HA 42.91 4.30 4.00 — 30.52 1.08 17.19 0.76 2.82 5.62
Al5wHA  55.80 5.36 1.93 — 35.55 — 1.37 0.47 3.18 8.71
Al5wFA 50.49 4.71 0.89 — 37.96 — 5.95 0.53 3.76 11.30

All spectra feature common and distinctive absorption bands, with some differences in their
relative intensity. The main characteristics of these spectra are the following: about 3400—
3300 cm™' (O-H stretching and, secondarily, N—H stretching of various functional groups):;
about 2935-2925 cm ™' (asymmetric C—H stretching or of CH., groups); about 1720-1710
cm ' (C=0 stretching of COOH), whose higher relative intensity was determined for FA;
1620-1600 cm™' (aromatic C=C skeletal vibrations, C=0 of strongly H-bonded conjugated
ketones, whose higher intensity were determined for HAs; about ~1510 cm™" (preferentially
ascribed to simple aromatic C=C vibrations, N-H deformation and, C=N stretching of
amides); about 1420 cm™' (O—H deformation and C-O stretching of phenolic OH); about
~1380 cm~' (C—H deformation of CH, and CHs groups, and/or asymmetric stretching of
COO™ groups); about 1270-1260 cm ™' (C=0 stretching of aryl esters), whose higher intensity
were detected for HAs (A15 w HA and A15 w FA); about 1220 cm™' (C-O stretching of aryl
ethers and phenols); 1130-1080 cm™' (C-O stretching of secondary alcohols and/or ethers):;
and, finally, about 1045-1041 cm™' (C—O stretching of polysaccharides or polysaccharide-like
substances, and/or Si—O of silicate impurities). The results provided by FTIR spectroscopy are
in good agreement with elemental analysis and UV/Vis spectroscopy.

The values of the fluorescence intensity and excitation-emission wavelength pair of the main
peaks in the EEM spectra and fluorescence coefficients of HS are presented in Table 2. The
fluorescence EEM spectrum of Al15w HA was characterized by two unique fluorophores
centered at an excitation/emission wavelength pair (EEWP) of 275/425 nm (peak A) and
380/450 nm (peak C). The fluorescence EEM spectrum of A55 HA was characterized by three

unique fluorophores centered at an excitation/emission wavelength pair (EEWP) of
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270/500 nm (peak A), 360/500 nm (peak C;) and 445/510 nm (peak C,). The long wavelength
and less fluorescence intensity of the major peaks of HAs may be ascribed to the presence of
an extended, linearly-condensed aromatic ring network, and other unsaturated bond systems
capable of a great degree of conjugation in large molecular size and extensively humified
“macromolecules”. The fluorescence EEM spectrum of A15 w FA were located by three
fluorescence maxima at an excitation/emission wavelength pair of 250/430 nm (fulvic-like),
310/430 nm (humic-like) and 270/310 nm (tyrosine-like) which are typical for terrestrial
origin. On the contrary, the prevalence of fluorescence bands and peaks with high relative
intensity at short wavelengths, such as those measured for the peaks of FA, is associated with
the presence of simple structural components of wide molecular heterogeneity and small

molecular weight, small degree of aromatic condensation, small level of conjugated
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Figure 1: Excitation-emission spectrum of fulvic acid isolated from organic horizon of soil
Humic Podzol

Table 2: Position of excitation-emission wavelength pair of the main peaks in the EEM
spectra and values of fluorescence intensity these fluorescence peaks of HS

peak fulvic-like peak humic-like peak tyrosine-like
EEWP [nm] I [CPS] EEWP [nm] |c[CPS] EEWP [nm] I¢ [CPS]

360/500 2153173

A55 HA 270/500 6408185 — oo - -
Al5wWHA  275/425 3937767  380/450 1015414 - —
AI5WFA  250/430 7039711  310/430 4764966  270/310 4606052

Also, values of Zsolnay and Milori index of HS are in agreement with previous results.

sample HS

4. CONCLUSION
Our results showed that the chemical properties of the different HS used in these experiments

were well described using five complementary indexes derived from the ultraviolet-visible
and fluorescence spectra (Eet/Eg; ratio, E,/E3 ratio, E4/Es, Zsolnay and Milori index). Soil
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A55 HA was characterized high molecular weight, low molecular heterogeneity, high degree
of aromatic polycondensation, high level of conjugated fluorophores, and high humification
degree. HS isolated from organic horizon were characterized lower molecular mass, simple
structural components of wide molecular heterogeneity, lower degree of aromatic

polycondensation, and lower humification degree.
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Abstract

The effect of bitumen on sorption properties of the South Moravian lignite was investigated.
Methylene blue and copper ion were selected as sorbates for sorption tests. The absence of
bitumen in lignite resulted in a higher sorption efficiency of copper ions and a lower one of

methylene blue compared with lignitem before the extraction with chloroform.

1. INTRODUCTION

Lignite is young coal with a high content of water, oxygen, humic acids (up to 70 wt%) and
with low caloric value. It could not be therefore viewed as a fuel but rather as a valuable
natural product and chemical raw material. Hence, lignite can be used as a sorbent of heavy
metals, dyes etc. From water [1].

Bitumen represents an extractable non-polar part of lignite which is formed by predominantly
aliphatic structures, in smaller degree aromatic molecules and functional groups comprising
carboxyl acids, esters, ethers, alcohols and highly conjugated carbonyl groups [2].

Sorption of methylene blue on lignite is explained by ion-exchange interactions through
positive charge of nitrogen (alternatively sulphur) of molecule and/or carboxyl, phenol groups
[3, 4]. Similarly, mechanism of sorption of heavy metals on lignite is explained by ion-
exchange interactions and the formation of metal complexes [5, 6].

The objective of this work is to determine the effect of bitumen on sorption properties of

lignite using methylene blue and copper ions as sorbates.

2. MATERIAL AND METHODS

Lignite (Mikul¢ice, Czech Republic) was used in its natural state before and after the
extraction with chloroform. By Soxhlet extraction with CHCl3, bitumen was obtained from
lignite. The size fraction of samples less than 0.2 mm was used for sorption tests.

Sorption procedure was performed for this study as follows: 0.1 g of samples was weighted

and 20 ml of methylene blue solution (1000, 500 and 250 mg L") or of copper ions solution
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(500, 350, 200, 100, 50 and 10 mg L") was added. Values of pH of prepared solutions were
about 5. The suspensions were shaken for 24 h under ambient temperature. After sorption
tests, equilibrium concentration of methylene blue or copper ions was determined by UV-Vis
spectrometry (ultraviolet-visible spectrophotometry, Hitachi U-3900H) or AAS (atomic
absorption spectroscopy, Varian SpectrAA-30), respectively. All experiments were performed

in triplicates; the standard deviation did not exceed 5 %.

3. RESULTS AND DISCUSSION

Results of sorption tests of methylene blue on lignite and bitumen-free lignite are show in
Fig. 1. The adsorption capacity of methylene blue on lignite is higher in compare with
bitumen-free lignite. Differences between adsorption capacities are more pronounced with
increasing initial concentration of the dye. The extraction of bitumen resulted in pH decrease
in aqueous leaching of bitumen-free lignite (pH 5.9) contrary to lignite (pH 6.2). Thus, higher
acidity of lignite after the extraction should lead to greater sorption efficiency of methylene
blue according to the mechanism of sorption. This fact is not observed probably due to the
hydrophobic character of the methylene blue molecule. Methylene blue may thus interact with
the bitumen to be stabilized and dispersion forces and hydrophobic interactions. In the
absence of bitumen in lignite, methylene blue molecules can not apparently penetrate deeper
into the structure and interact with other carboxyl groups due to their hydrophobic nature.
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Figure 1.: Dependence of adsorption capacity on initial concentration of methylene blue onto

lignite (L) and bitumen-free lignite (LV).

Results of sorption tests of copper ions on lignite and bitumen-free lignite are show in Fig. 2.
As can be seen, the absorption capacity of lignite for Cu®* is smaller compared to the sorption

capacity of lignite extracted with chloroform. Lower sorption efficiency of lignite in
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compared to bitumen-free lignite is in contrast to the observation of the methylene blue
adsorption. This fact can be explained similarly as in the previous case. By removal of
bitumen from lignite, acidic functional groups become accessible to the dissociation of
hydrogen and the space around them is accessible to hydrophilic molecules. The water-
solvated copper ions can gradually adsorb on sites that were previously inaccessible due to

bitumen molecules.

60 1

c; 5|o 1c;o 1&';0 2c;o 25|o 3c;o
c(mgL™h
Figure 2.: Dependence of adsorption capacity on equilibrium concentration of copper ions
onto lignite (blue) and bitumen-free ignite red). Experimental points are fitted to the
Freundlich equation (dashed line) and Langmuir equation (continuous line).

MATLAB software was used to fit experimental data to Freundlich and Langmuir equations.
The data were better fitted to the Langmuir equation (paramters not shown). The maximum
adsorption capacities calculated from Langmuir isotherms were for lignite 26.74 mg g~ and
for lignite withaout bitumen 34.60 mg g

4. CONCLUSION

Bitumen in lignite has the positive effect on the sorption of methylene blue probably due to
dispersion forces and hydrophobic interactions. Vice versa, bitumen has the negative effect on
the sorption of copper ions because the adsorption capacity of lignite was lower than the
capacity of bitumen-free lignite. The maximum adsorption capacities calculated from

Langmuir isotherms were for lignite 26.74 mg g~ and for lignite withaout bitumen 34.60
-1
mgg .
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Abstract

Piezoelectric biosensors provide fast, specific and economic way of detection for a wide range
of analytes ranging from metabolites to microorganisms. Specific antibodies were
immobilised on gold electrodes of piezoelectric crystal and the biosensor was applied for real-
time detection of model microorganisms. Three nonpathogenic strains of Escherichia coli
(BL21, DH50 and K-12) were used because of easy cultivation and availability of antibodies.
Several methods of antibody immobilisation were compared. The immobilisation of reduced
antibody using Sulfo-SMCC was the most effective achieving the limit of detection (LOD)
10° CFU-mL™. Active and passive operation modes of quartz crystal microbalance were
compared concluding that for detection of microorganisms, both approaches are practically
identical. The developed biosensor was connected to the cyclone air sampler allowing
detection of microorganisms disseminated in the form of aerosol inside bioaerosol chamber.
The achieved LOD was 1.45-10* CFU-L™" of air and the time from sample collection to

detection was 16 min.

1. INTRODUCTION

Monitoring of microorganisms has a crucial role in many fields. The traditional
microbiological methods are reliable but not suitable for fast detection. The need of rapid
detection is met by piezoelectric biosensors that are also sensitive, specific and cheap [1].
There are two possible operational modes of measurements with piezoelectric biosensors —
active one, where crystal oscillates and its resonance frequency is measured using frequency
counter [2], and passive one, where detailed impedance characteristics of the resonator are
measured [3]. The passive mode requires more expensive equipment but can differentiate

changes of mass and viscosity [4].

32



XIV. Pracovni setkani fyzikalnich chemik( a elektrochemiki Brno 2014

2. MATERIAL AND METHODS

Microorganisms and antibodies
Three strains of E. coli (BL21, DH5a and K-12) were cultivated aerobically in LB Broth
(Duchefa Biochemie, Netherlands) at 37 °C overnight. The obtained suspension was
centrifuged thrice at 4500 RCF for 10 min and resuspended in 50 mM PBS (pH 7.4). Two
antibodies were used, Abcam ab25823 for detection of strains BL21 and DH5a and Serotec
4329-4906 for detection of K-12.

Piezoelectric immunoassay

The antibodies were immobilised to gold electrodes of 10 MHz quartz crystals (ICM, USA)
using three different approaches. In the first one, the sensor surface was activated using
cysteamine (20 mg-mL ™', 2 h), glutaraldehyde (5 %, 1 h) and staphylococcal protein A (SpA,
1 mg-mL™", 20 h) that specifically binds Fc fragments of antibodies. In the next step, the
antibody was bound (100 pg'mL™', 20 h) and free reactive groups were deactivated using
ethanolamine (50 mM, 30 min). The second approach was based on the same procedure but
the antibody was bound directly to glutaraldehyde omitting the SpA. The last method was
based on binding of reduced antibody (100 pgrmL™") to cysteamine-modified sensor surface
using Sulfo-SMCC (3 mg-mL™") [5].

The prepared sensor was placed in a flow-through cell and affinity interactions were measured
in real-time using either active (QCM Analyzer, KEVA, Czech Rep.) or passive mode
(Agilent 4294A, Agilent, USA), in both cases PBS was used as a running buffer. The
microbes were disseminated inside an in-house made bioaerosol chamber and captured by
cyclone SASS 2300 (Research International, USA). The piezoelectric biosensor was on-line

coupled with the cyclone allowing remote control.

3. RESULTS AND DISCUSSION

Interactions of E. coli with antibodies were studied using piezoelectric biosensor. Fig. 1
shows calibration curves for combinations of E. coli strain and antibody immobilisation
method measured using the active method. The dependence of signal on concentration
exhibits saturation character and therefore linearisation by transforming x axis to log-scale is
typically done. The highest sensitivity was achieved using the sensor with antibody
immobilised using protein A, but surprisingly this sensor provided the worst LOD
(5-10° CFU-mL ™). The sensor with antibody immobilised directly had LOD 10° CFU-mL ™"
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for all tested E. coli strains. The best results (LOD 10° CFU-mL ") were achieved using the
sensor with reduced antibody linked using Sulfo-SMCC. Measurements in the passive mode
were done too, but no improvement of LOD was achieved with the impedance analyser.

40 1
354 = DH5q GA
] = DH5a SpA
30 = BL21GA
] = K-12 SMCC
25
-Af(Hz)

20

10° 10° 10 10°
Number of bacteria (CFU -mL")

Figure 1: Calibration curves for QCM biosensors with antibodies immobilised using various
procedures. GA — antibody linked directly using glutaraldehyde, SpA — antibody immobilised
using staphylococcal protein A, SMCC — reduced antibody immobilised using Sulfo-SMCC.
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Figure 2: The interactions of E. coli K-12 captured from aerosol with reduced antibody
Serotec 4329-4906 immobilised using Suflo-SMCC. Change of resonant frequency (Af) in

time is shown.
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Using the developed biosensors, measurements of bioaerosols were done. Fig. 2 shows
interactions between E. coli K-12 and antibody immobilised using Sulfo-SMCC.
Measurements with this sensor were done with LOD 1.45-10* CFU-L™' of air based on the
levels expected from the disseminated amounts of microbes. Time from sample collection to
detection was 16 min. LODs for bioaerosol detection that are comparable to infection doses of

various pathogens [6] were allowed by preconcentration effect of the cyclone air sampler.

4. CONCLUSION

Piezoelectric biosensor for rapid detection of microorganisms was developed and tested with
three strains of E. coli (BL21, DH5a and K-12). For liquid samples, LOD 10° CFU-mL ™" was
achieved using sensor with reduced antibody immobilised by Sulfo-SMCC, detection time
was 10 min. Active and passive modes of QCM were compared but no major differences were
observed in case of microorganism detection. The developed immunosensor was finally
connected to cyclone air sampler which allowed detection of microorganisms in form of
aerosol. The achieved LOD was 1.45-10* CFU-L™" of air with the time from sample collection
to detection 16 min. The obtained data demonstrate that piezoelectric biosensors have great

potential for fast and reliable detection of microorganisms.

5. ACKNOWLEDGEMENT

The work has been supported by the Ministry of Defence of Czech Republic (projects
no. OVVTUO2008001 and OSVTUO2006003) and by CEITEC — Central European Institute
of Technology (CZ.1.05/1.1.00/02.0068) from European Regional Development Fund.

6. REFERENCES

[1]Farka Z, Kovaf D, P¥ibyl J, Skladal P: Int. J. Electrochem. Sci. 8 (2013), 1, 100-112
[2]Arnau A: Sensors. 8 (2008), 1, 370-411

[3]Zhang J, Su X D, O’Shea S J: Biophys. Chem. 99 (2002), 1, 31-41

[4]1toh A, Ichihashi M: Meas. Sci. Technol. 19 (2008), 7

[5]Hermanson G T: Bioconjugate Techniques, Academic Press, London, 2008
[6]Sabelnikov A, Zhukov V, Kempf R: Biosens. Bioelectron. 21 (2006), 11, 2070-2077

35




XIV. Pracovni setkani fyzikalnich chemik( a elektrochemiki Brno 2014

HIGH PERFORMANCE SULFUR NANOCOMPOSITES AS CATHODE

MATERIALS BASED ON CONVERSION REACTION
Andrea STRAKOVA FEDORKOVA', Ondrej CECH', Tom4s KAZDA,
Rendta ORINAKOVA?, Marie SEDLARIKOVA®
! Department of Electrical and Electronic Technology, Faculty of Electrical Engineering and
Communication, Brno University of Technology, Technicka 10, 616 00 Brno, Czech Republic
2 \nstitute of Chemistry, Faculty of Science, PJ. Safdrik University, Moyzesova 11, SK-041 54
Kosice, Slovakia

* andrea.fedorkova@upjs.sk

Abstract

Li/S batteries are potentially viable ultrahigh energy density chemical power sources, which
could potentially offer specific energies up to 2600 Whkg ™ being rechargeable. It possesses
the advantages of low cost, environmentally benign and high safety characteristics. Sulfur-
carbon (S-C) composites and sulfur-LiFePO, (S-LFP) composites were prepared with
MWCNTSs additive by evaporation and solid state reaction. It is found that the S-LFP cathode
with MWCNTSs shows improvement of not only discharge capacity but also cycling stability.
It exhibits an initial discharge capacity of 1167 mAh/g sulfur, or 70% of theoretical capacity.
The capacity of S-LFP-MWCNTs composite after 20 cycles was 80% of the initial value and

remained stable.

1. INTRODUCTION

The lithium-sulfur battery is a “conversion” type battery, because the electrochemical
reactions which take place during charging and discharging of the battery result in new
chemical compounds [1-3]. By contrast, lithium-ion batteries operate in accordance with the
“insertion” principle. This means that lithium ions occupy spaces in the crystal structure of the
cathode, without substantially changing the structure of the cathode material (Fig 1). Sulfur as
the active cathode material has a theoretical specific capacity of 1672 mAhg™ and an average
discharge potential of 2.2 V versus lithium. While for lithium ion batteries using intercalation
cathodes a limit in energy density of about 200 Whkg™ is expected, for the lithium sulfur
battery energy densities of up to 600 Wh kg™ might be achievable. Furthermore cost reduction
and safety increase are attractive features since sulfur is widely available, less expensive and

less toxic when compared to conventional cathodes. However, various challenges are
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connected to the lithium sulfur cell chemistry, which need to be solved within systematic
studies and by the development of new material concepts. In the present work, we report a
simple method to synthesize S-C and S-LFP cathode material with MWCNTSs as additional
electronic conductor. SEM studies of morphological changes of the cathodes,
thermogravimetry and charge—discharge performance of the S-C and S-LFP composites with

MWCNTSs were used to investigate and characterize the sulfur electrodes.

Figure 1.: Comparison of Intercalation and conversion reaction for energy storage [4].

2. RESULTS AND DISCUSSION

The morphologies of the S-based composite electrodes were investigated by SEM. Two
different structures were observed for S-C composite. The surface of the Sulfur-Carbon
sample is compact without cracks or holes but the structure is porous enough to enable Li* ion
transport and electrolyte penetration. The porous and homogeneous basis of sample with
MWCNTSs is retained but addition of MWCNTs caused the formation of larger pores and
holes. The MWCNTs are also clearly visible and provide the connections between S and C. In
the case of S-LFP a coarser granularity is observed as compared with S-C. Yet, the
corresponding S-LFP-MWCNTs composite presents a more homogeneous structure with
oriented fibres of MWCNTSs on the surface. Thus, the presence of MWCNTSs in both samples
was found to cause a significant change in porosity and homogeneity.
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Figure 2a shows a moderate capacity loss from the initial high values of ca. 1160 mAh/g-
sulfur down to values of specific capacities still larger than 800 mAh/g-sulfur after 10 cycles.
It should be underscored that these values, still remarkably large, remain stable in subsequent
cycles. It can also be noted that the S-LFP-MWCNT cathode presents a stabilized specific
capacity of 980 mAh/g-sulfur a 20 % higher than that of S-C-MWCNT (780 mAh/g-sulfur).
The discharge capacity gradually decreases as the current rate is raised from 0.1 C to 0.5 C for
both of the cells (Fig. 2b). The higher discharge capacities of 1170, 855 and 750 mAh/g-sulfur
were achieved at a current density of 0.1, 0.2, and 0.5 C, respectively for S-LFP composite
material. The excellent rate performance can be ascribed to the high effective electron
pathways provided by the MWCNTs and an optimal distribution of pores as electrolyte
channels in the cathode.
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Figure 2.: Discharge capacity vs. cycle number measured on S-C-MWCNTs and S-LFP-
MWCNTSs cathodes at C-rate C/10 (a), cycling performance of S-C-MWCNTs and S-LFP-
MWCNTSs cathodes at various C-rates (b).

3. CONCLUSION

Sulfur-carbon composite was synthesized by thermal heating of sulfur onto conductive carbon
black (Super P). Sulfur-LFP composite was prepared by simple solid-state reaction in a ball
mill. These simple methods have been shown here to produce very porous sulfur cathode
composites. A high initial discharge capacity of 1167 mAh/g-sulfur at 0.1 C was achieved
with the S-LFP-MWCNTs composite. The excellent electrochemical performance can be
attributed to the homogeneous dispersion of MWCNTSs in the composites, which not only
accommodate the volume change during charge/discharge processes, and absorb the
polysulfides byproducts but also provide stable electrical and ionic transfer channels. All
results described in this publication indicate that the combination of sulphur, LiFePO, and
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MWCNTs is a promising candidate cathode material for high-performance lithium/sulfur

batteries.
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Abstract

Oligodeoxynucleotides (ODNs) are observed in the promoter region of the oncogens and of
human telomeric DNA as a multiple repetitive C- or G- sequences. These sequences form
tetraplex structures. C- rich ODNs form the so called i-motif, a hemiprotonated C-C* base
pairing structures, at slightly acidic pH. G- rich ODNs form a G-quartet, made from four
guanines and stabilized by a metal kation and can be folded into a G-tetraplex. We used
electrochemical methods to study the behaviour of these compounds in buffered solutions
with different pH, so we can comparatively evaluate the structure and fiction of each homo-
ODN for better understanding their behaviour in solutions and on the charged interface. The
study was completed by circular dichroism spektra to confirm the structure. Results should
provide better understanding of these compounds, so the suitable biosensor could be designed.

1. INTRODUCTION

An electrochemical and spectral study of short cytosine- or guanine-rich
oligodeoxynucleotides (ODNs) on a hanging mercury drop electrode (HMDE) in buffered
solutions with different pH is presented. We found out that C- or G-rich ODNs form stable
structures at a slightly acidic pH. Besides the common electrochemical methods, such as
linear sweep voltammetry (LSV) and cyclic voltammetry (CV), in this study was used
elimination voltammetry procedure (EVP). Spectral study consists of the absorption spectra
and circular dichroism spectra. Comparative evaluation of the structure and function of each
homo-ODN (dCx, where x is 3-9, and y is 3, 6, 9) helps to understand the behaviour of the
studied homo-ODN in solutions and on charged interface depending on pH, temperature,
ionic strength, and chain lenght. It was discovered, that in slightly acidic buffers C-rich ODNs
form stable structures, the so-called i-motifs, requiring a partially protonised nucleobase,
exept for oligo-deoxynucleotide dC3, which i stoo short to forma n i-motif structure. Guanine
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ODN structures have recently been paid great interest, and it was discovered, that they can
form multiplex (tetraplex) structure via a g-quartet, which was found in DNA telomerase
repetitions and in the promoter regions of certain proto-oncogenes. Since more cimplicated
structures (multiplexes, hairpins) conditioned by Hoogsteen base pairing in the ODN with
multiple repetitive C- or G-sequences are often observed in the promoter region of the

oncogenes and of human telomeric DNA, such a study is significant [1-3].

2. MATERIAL AND METHODS

ODNs, dCz and dC4 were purchased from Thermo Fisher Scientific, Ulm, Germany; dCs, dCs,
dCy, dG3, dGg and dGg from Integrated DNA Technologies, Inc., USA.

The voltammetric experiment was performed using the electrochemical analyzer AUTOLAB
PGSTAT 20 (Ecochemie, Utrecht, The Netherlands) in connection with GPES software. The
experimental conditions were as follows: potential range from -1 V to -1.7 V, time of

adsorption 0 s or 60 s, and scan rate from 50 mV/s to 800 mV/s.

3. RESULTS AND DISCUSSION

From our results we figured out, that all dCx form the i-motif exept the dC3 and the stability
of ordered structure is conditioned by pH. With rising pH we observed transition of ordered
structures to unordered structures (confirmed by CD spectroscopy) depending on chain
length. This attribute also correlate when we calculate the diffusion coefficient from Randles-

Sev¢ik equation.

LSV (400mV/s) and E4
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Figure 1.: LSV and the elimination voltammetric procedure of dC, at pH 6,8 (without adsorption)
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In G-rich ODNs we didn’t manage to find the transition midpoints due to the better stability
of ordered structures. We assume that these structures are more resistant to pH changes and so
the further investigation in alkaline pH is needed to prove it and for helping us to find out
better conditions for developing the biosensor.

At this point there is better chance to develop the biosensor to C-rich ODNSs because of their

large differences in behavior in buffered solutions.

Dependence of D1/2*n3/2 on f(v) pH 6,80
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0.05 *¢ 7 %% 40050000 L aco
0.00 ................
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Figure 2.: Dependence of D1/2*n3/2 on f(v) at pH 6,8

4. CONCLUSION
Study helps to deeply understand the different behavior of C- and G-rich ODNSs in buffered
solutions and on the charged interface electrode/electrolyte and gives us useful incentives for

next ODN investigation and provide helps for suitable biosensor designing.
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PtednaSka bude zameétfena na principidlni popis fotochemickych chrénicich skupin z
perspektivy védeckého piinosu naSeho pracovniho tymu. Fotochemické chranici skupiny jsou
stale castéji pouzivané pro mnohé technické a biochemické aplikace jako je naptiklad
litografie & metody sledujicich velmi rychlé d&je (pienos nervového vzruchu).' % Tyto
aplikace budou ukazany s konkrétnimi chranicimi skupinami, jejichz navrhy a zkoumani
mechanismi odstoupeni je naSi védeckou néplni. Rychlostni konstanta odstoupeni chranici
skupiny mize byt limitujicim parametrem pro pouziti pro casové rozliSené studie. Proto
budou predstaveny principy casové rozliSenych spektroskopickych metod na sub nano
sekundové Skale a ukazana jejich pouziti pfi feSeni mechanismli odchranéni nékterych
biochemicky aktivnich latek. *°
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Abstract

A rheological properties and particle size for two different molecular weights of hyaluronic
acid have been studied. We measured these properties depending on time, on concentration of
hyaluronic acid and on liquid that hyaluronic acid was dissolved in. Rheological properties
and particle size independent on time. Particle size was smaller for hyaluronic acid dissolved
in physiological solution than for hyaluronic acid dissolved in aqueous solution. Particle size

grows depending on grows concentration of hyaluronic acid.

1. INTRODUCTION

Sodium (potassium) salt of hyaluronic acid (HyA) is material which occurs in human body
(e. g. extracellular matrix, synovial fluid, vitreous humour) [1]. HyA is obtained by isolation
from natural resources (cockscomb, beef blood solution) or by isolation from Streptococcus
bacteria. We do research on HyA as on a material suitable for drug delivery on our faculty
[2, 3]. It was decided to research properties of HyA. We measured its rheological properties in
water solution and particle size in aqueous solution and in 0.15 M sodium chloride solution
(physiological solution). HyA occurs in wide range of molecular weight, therefore we chose
two different molecular weights (106 kDa and 1.36 MDa).

2. MATERIAL AND METHODS

Material:

Sodium hyaluronan of molecular weight 106 kDa and 1.36 MDa (CPN, Lt. Dolni Dobrouc),
sodium chloride (Lach Ner s.r.0.) and deionized water.

Methods:

Sample preparation: Solution of HyA was prepared in concentration 0.01; 0.1 and 1 g:dm™ in

aqueous solution and in physiological solution (0.15 M NacCl).
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Viscosity of samples was measured by instrument Rheometer ARG2 (TA Instruments).
Viscosity was measured for two different molecular weights of HyA depending on time
(solution was measured during one week).

Particle size of sample was measured by instrument Zetasizer Nano ZS (Malvern Instrument)
by dynamic light scattering techniques. Particle size was observed for two different molecular
weight of HyA depending on concentration of HyA, on liquid that HyA was dissolved in and

on time (solution was measured during one week).

3. RESULTS AND DISCUSSION

We observed rheological properties of high and low molecular weight HyA depending
ontime. We detected from results that high molecular weight of HyA behaves as
non-Newtonian fluid and low molecular weight of HyA behaves as Newtonian fluid. We also
detected that rheological properties of HyA didn’t change in our timescale.

In our work we measured particle size for two different molecular weight of HyA depending
on time, on liquid that HyA was dissolved in and on concentration of HyA. We detected from
results that particle size didn’t change in our timescale. Samples in physiological solution had
smaller particle size compared to samples of same concentration in aqueous solution.
The samples with the lowest concentration weren’t suitable for measuring by dynamic light
scattering (see picture 1). Autocorrelation function doesn’t have ideal shape. Autocorrelation
function doesn’t have high value and lower part of function doesn’t decline zero. Farther you

can see in figure 1 that particle size grows with higher concentration of HyA.

HyA 1,36 MDa; NaCl
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Figure 1.: Autocorrelation function for different concentration of HyA molecular weights of
HyA are 1.36 MDa in physiological solution.
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Table 1.: Particle size for HyA 1 g-dm™

molecular weight of HyA solution particle size [d. nm]
aqueous  [328+103 [813+129|1259+169
106 kDa
0.15M NaCl | 30+5 | 397+46 | 763+123
agueous 185482 | 858+105 | 1387+288
1,36 MDa
0.15 M NaCl | 52+15 | 240+87 | 655+101

4. CONCLUSION

We measured rheological properties and particle size in HyA solution. We found out from

rheological measure that low molecular weight HyA behaves as Newtonian fluid, however

high molecular weight HyA behaves as non-Newtonian fluid. During our timescale, neither

rheological properties nor particle size didn’t change in HyA solutions. Farther we found out,

that when we used physiological solution as solvent we detected better autocorrelation

function while HyA formed smaller particles independent on molecular weight HyA.
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Abstract

Particle tracking microrheology as one of the passive microrheology methods is a novel
approach for determining viscoelastic properties of soft materials. Passive microrehology
method is based on thermal motion of particles inserted into the investigated sample. Four
different hyaluronic acid gels formed by mixing diverse concentrations of hyaluronic acid and
cethyltrimethylammonium bromide (CTAB) and three different sizes of probes were used to
characterize viscoelastic response of gel microstructure characterizing by elastic G’'(®) and
viscous G"'(w) moduli. Our measured data show significant dependence of viscoelastic
properties on used particle size, which point out the diversity of hyaluronic acid gel

microstructure.

1. INTRODUCTION

Hyaluronic acid is a substance that is naturally present in the human body. It plays important
role in human tissues (main artery, tendon, valve, synovial fluid) where it serves as a
connective tissue organizer and water holding substance. Because of its versatility, it is widely
used in the pharmaceutical and cosmetic industries as well as hyaluronic acid gels could be
used for medical and cosmetic use. The more precise we know properties and characteristic of
the substance, the better and easier its following utilization in industry.

Viscoelastic properties are very important material parameters affecting their industrial
applicability. The most useful method for determining such properties is classical rheology.
Nevertheless, classical rheology is not utilizable for every material considering relatively
huge amount of sample (around 10 ml) needed for one measurement. New fast emerging
method called microrheology has been developed for determining viscoelastic properties of
material. As the name already suggest, the sufficient amount of sample for one measurement

several microliters.
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2. MATERIALS AND METHODS
Particle tracking microrheology method is based on the small well defined particles embedded
into the investigated material. Size of the particles allows subjecting of the Brownian motion,

which depends on the viscosity of surrounding material and the temperature [1,2]. Mean

squared displacement (MSD or le"‘zm) relates to diffusion coefficient by equation (Ax?(t)) =
2dDt* where d is dimension, 7 is time and « is time exponent. According to the Stokes -
Einsten equation we can calculate viscosity of material if the size of the particle and

temperature is known.
kT
= ena’
Value of time exponent o varies from 0 (newtonian fluid) to 1 (elastic material).

Very important step is transferring MSD(t) into frequency dependent elastic and viscous
moduli characterizing contribution of viscosity and elasticity in the sample [3,4]. Generalized
Stokes-Einstain equation is used involving Laplace-transformed quantities:

kT

D(s) = ,
() 6T asin;

where a is the radius of the probe sphere, 75 is the Laplace transformed frequency dependent
viscosity, D(s) is the Laplace transformed frequency dependent diffusion coefficient and s is
the Laplace frequency, from which frequency dependent shear modulus can be determined.

Samples for measurement were place into the “glass pocket” to avoid its drying or flowing

[5].

3. RESULTS AND DISCUSSION
Four hyaluronic acid gels were prepared mixing different stock solutions of
cethyltrimethylammonim bromide and hyaluronic acid in the 1:1 ratio (Table 1)

Table 1:
Sample Hyaluronic acid CTAB
¢ (W%) of stock solution ¢ (mM) of stock. solution
1 0,5 50
2 0,5 200
3 2 50
4 2 200
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From particle trajectories mean-squared displacements (MSD) as a function of time were

calculated for three different sizes of particles. Functions MSD were converted into frequency
dependent elastic and viscous moduli as you can see in Figure 1. From the graph it is obvious,
that moduli are size particle dependent. Each particle size reflects structure of local
microenvironment based on the mesh size of the gel. The point, where elastic modulus of the
sample cross the viscous modulus (G" = G'’) is called cross-over point and characterizes
moment where the elastic modulus becomes larger than the viscous modulus. With the
increasing size of particle, the cross point appears at lower value of frequency as you can see
in the picture. Small particles detected cross-over point at the highest frequency, because in
the same sample probably they do not interact so much with the polymer structure and can
reflect their microenvironment containing mainly solvent. This phenomenon was observed

for every hyaluronic acid gel.
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Figure 1.: Elastic and viscous moduli for hyaluronic acid gel 2 for trhee different sizes of

particles

4. CONCLUSION

Microrheology measurements were performed on the four different hyaluronic acid gel with
the molecular weight 90 - 130 kDa. It was observed that characterization of rheological
properties of these gels is strongly dependent on the selected particle size, which reflects its

microenvironment.
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Abstract

Using fluorescently labeled immortalized epithelium cell lines derived from normal or cystic
fibrosis (CF) human lungs the well plate assay was set upped. This assay was used for
sensoring chicken yolk antibody prophylaxis against adhesion of Pseudomonas aeruginosa
(PA) at a molecular level. Antibodies against PA lectin, PAIIL, significantly prevented bacteria
adhesion in both cell lines. In agreement with in vivo data our plate assay showed higher
susceptibility of CF cells to PA compared to normal epithelium.

1. INTRODUCTION

Cystic fibrosis (CF) is an autosomal recessive disorder caused by mutations in a single gene
coding for the CF transmembrane conductance regulator (CFTR) protein. Resulting
pathophysiology changes of lungs are associated with increased susceptibility of CF patients
towards microbial infections. Frequent airway bacterial infections with pathogens such as
Pseudomonas aeruginosa (PA) lead to a progressive lung disease resulting in chronic
endobronchial colonization, which is connected with an intense neutrophilic inflammatory
response. These conditions make cystic fibrosis to be one of the most common life-shortening
genetic disorders. While the antibiotics are administered to slow decline in pulmonary
function and reduce frequency and morbidity of pulmonary exacerbations, there is an urgent
need to develop novel and effective therapies. In addition to efforts in CF gene therapy and
corrections of CFTR function, the antimicrobial management, such as CF patient
immunization against invading pathogens is being extensively studied. The concept of
immunization of CF patients with vaccines derived from a PA virulence factor, however,
suffers from impaired secretion of immunoglobulins at mucosal membranes of CF airways.
Thus, the passive immunization via anti-pseudomonal immunoglobulins seems to be only a

feasible prevention of lung PA infection. In this respect chicken yolk antibodies (IgY) provide
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great potential to become an efficient tool of passive immunization. The most significant
advantage of IgY, in contrast to mammalian IgG, consists in their inability to induce
inflammatory reaction when antigen is bound. Moreover, the large production of IgY (100

mg/yolk) makes these antibodies well suited for prophylaxis of bacterial infections.

2. MATERIAL AND METHODS

Antibody preparation

Antibodies were prepared from egg yolks laid by chickens immunized with recombinant PA
lectin, PAIIL, as described elsewhere [1]. Pre-immune IgY sample (control) was purified
from eggs collected a week prior to the immunization. The presence of anti-PAIIL IgY was
determined on ELISA and Western blots using PAIIL and PA lysate as antigens, respectively.
Bacterial adhesion assay

NuLi or CuFi cells (immortalized epithelium cell lines derived from normal or CF human
lungs, respectively, ATCC) were stained with a fluorescent dye PKH67, seeded onto well
plates (24 wells) and incubated for 24 h at 37°C, 5% CO, to form a confluent layer. Ps.
aeruginosa PAO1 was labeled with a fluorescent dye PKH26, pre-treated for 10 min with
anti-PAIIL or control IgYs (1 mg/ml), or L-fucose, D-galactose (1% solution) or PBS, and
finally applied onto well plates. After incubation (2 hrs) non-adhered bacteria were removed
by extensive washing with PBS. Using spectrofluorometer (Tecan Infinite M200 Pro) the
adhered PA on epithelial cells were quantified (Ex 522 nm, Em 569 nm for PA; Ex 470 nm,
Em 505 nm for NuLi/CuFi). Results were expressed as a relative fluorescence ratio PA/NuL.i
or PA/CuFi.

3. RESULTS AND DISCUSSION

Bacterial adherence to epithelial is an important initial step in the pathogenesis of PA. It is
thought that airway surfaces of CF patients are lacking the sialylation of glycoconjugates such
as GML1, which enables the binding of PA [2]. As the PA lectin, PAIIL, is considered to be
involved in bacteria adhesion on host cells, we expressed the recombinant PAIIL and
prepared chicken yolk antibodies against it. To examine the prophylactic properties of anti-
PAIIL IgY against the colonization of lung epithelial cells with PA the bacterial adhesion
assay was developed. The experimental setup is based on the dual fluorescence determination
of PA (labeled with a dye PKH26) on epithelial cells stained with a fluorescence dye PKH67.
The efficacy of anti-PAIIL IgY in prevention of adherence to epithelial cells was tested in

conditions ex vivo with two cell lines derived from normal (NuLi) and CF-patient (CuFi) lung
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tissues. The bacteria adherence is dependent on the incubation time — 2 hrs is sufficient to
determine number of adhered PA. Figure 1 shows the prophylactic effect of anti-PAIIL 1gY

(S-1gY) against the adherence of PA on CuFi/NuLi cells. While saccharide ligands D-galactose of
PAIL and L-fucose of PAIIL failed in the protection of epithelial cells against PA adhesion, control IgY (C-IgY)

seems even to stimulate the PA binding. This unexpected effect might be attributed to agglutination of PA via

PAIIL, which binds to highly mannosylated glycoconjugates present on each heavy chain of IgY. In
the case of specific anti-PAIIL 1gY, the saccharide binding site of lectin is blocked by
immunoglobulin and thus excluded from the interaction with the IgY heavy chain. Prophylactic
properties of anti-PAIIL IgY will be examined further with experimental animals infected
with PA.

1
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Figure 1.: Effect of IgYs and saccharides on PA adhesion on epithelial cells. Cells (CuFi, NuLi) were treated
with anti-PAIIL IgY (S-1gY), control IgY (C-1gY), D-galactose (Gal), L-fucose (Fuc), or with PBS only (UT).

PA adherence is expressed as a ratio of relative fluorescences of PA vs. NuLi/CuFi.

4. CONCLUSION

Specific chicken yolk antibodies against Ps. aeruginosa lectin PAIIL proved to be effective in
reducing bacteria adhesion on human airway epithelia cells under experimental condition
used.
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Abstract

Oxidation of benzo[a]pyrene (BaP) by cytochrome P450 (CYP) 1Al expressed in a
eukaryotic systems (microsomes, Supersomes'™) is stimulated by cytochrome bs and NADH.
In contrast, no such effects were produced by this CYP expressed in a prokaryotic system (in
a membrane fraction of Escherichia coli cells).

1. INTRODUCTION

Benzo[a]pyrene (BaP) has been classified as human carcinogen (Group 1) by the International
Agency for Research on Cancer [1]. This is genotoxic carcinogen that covalently binds to
DNA after metabolic activation by cytochrome P450 (CYP) [2]. CYP1Al is the most
important enzyme in BaP bioactivation [2,3], in combination with microsomal epoxide
hydrolase (mEH). First, CYP1AL oxidizes BaP to an epoxide that is then converted to a
dihydrodiol by mEH (i.e. BaP-7,8-dihydrodiol); then further bio-activation by CYP1A1 leads
to the ultimately reactive species, BaP-7,8-dihydrodiol-9,10-epoxide (BPDE) that can react
with DNA, forming adducts preferentially the 10-(deoxyguanosin-N-yl)-7,8,9-trihydroxy-
7,8,9,10-tetrahydrobenzo[a]pyrene adduct in vitro and in vivo [4]. BaP is, however, oxidized
also to other metabolites, such as the other dihydrodiols, BaP-diones and hydroxylated
metabolites that are mainly the detoxification products.

The CYP enzyme, including CYP1A1, is a component of mixed function oxidase system
located in the membrane of endoplasmic reticulum that contains beside the CYPs also another
enzyme, NADPH:cytochrome P450 reductase (POR), and cytochrome bs accompanied with
its NADH:cytochrome bs reductase. Via the activation of molecular oxygen, this multienzyme
system catalyzes the monooxygenation of a variety of xenobiotics, including BaP [5]. The

oxygen is activated in the active center of CYPs by two electrons transferred from NADPH
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and/or NADH by means of POR and cytochrome bs, respectively. Whereas POR is an
essential constituent of the electron transport chain towards CYP, the role of cytochrome bs is
still quite enigmatic. Likewise, a potential of NADH as a donor of electrons to the CYP-
mediated reaction cycle is still not exactly known. Even though the second electron in the
CYP reaction cycle might also be provided by the system of NADH:cytochrome bs reductase,
cytochrome bs and NADH, there is still rather enigmatic whether this system might
participate in donation of the first electron to CYP. Therefore, here we investigated the effect
of cytochrome bs and NADH on a potency of CYP1AL1 to oxidize BaP.

2. MATERIAL AND METHODS

Liver microsomes of rats, in which CYP1A1l was induced with Sudan I, Supersomes™
isolated from insect cells transfected with baculovirus constructs containing cONA of human
CYP1A1 and expressing POR, and human recombinant CYP1A1 expressed with its reductase
in a membrane fraction of Escherichia coli cells transfected with cDNA of human CYP1Al
were used as model enzyme systems.

3. RESULTS AND DISCUSSION

Rat hepatic microsomes, in which CYP1A1 was induced with Sudan I, oxidized BaP to eight
metabolites separated by HPLC. They were identified to be BaP-9,10-dihydrodiol, a
metabolite MXx, the structure of which has not been identified as yet, BaP-4,5-dihydrodiol,
BaP-7,8-dihydrodiol, BaP-1,6-dione, BaP-3,6-dione, BaP-9-ol and BaP-3-ol. These results
correspond to those found in earlier studies reporting that these metabolites were formed by
CYP1A1 in combination with mEH [2]. Interestingly, the used rat hepatic microsomes formed
in the presence of NADH the same BaP metabolites as microsomes with NADPH. The
amounts of metabolites were also comparable.

Human CYP1A1 expressed with POR in Supersomes™ oxidized BaP to seven metabolites,
namely BaP-9,10-dihydrodiol, the unknown metabolite Mx, BaP-7,8-dihydrodiol, BaP-1,6-
dione, BaP-3,6-dione, BaP-9-ol and BaP-3-ol. This finding indicates that BaP is metabolized
not only by CYP1AL1 present in this enzyme system, but also by mEH, which is important for
the hydration of BaP epoxides to produce dihydrodiols. Therefore, this enzyme has to be
present in the Supersomal system. Similar to hepatic microsomes human recombinant
CYP1A1 expressed with POR in Supersomes™ oxidized BaP to the above mentioned
metabolites even when NADH was present instead of NADPH. Addition of cytochrome bs to
the CYP1ALl system led to a more than 2-fold increase in BaP oxidation to its metabolites.

Because only the levels of individual BaP metabolites, but not of their pattern, were changed

55



XIV. Pracovni setkani fyzikalnich chemik( a elektrochemiki Brno 2014

by cytochrome bs, the effect of this protein on an electron transfer to CYP1A1 seems to be the
predominant mechanism responsible for the observed increase in oxidation of BaP.

In contrast to supersomal CYP1A1, only five metabolites were formed by human CYP1Al
expressed with POR in E. coli (Bactosomes); the metabolite Mx, BaP-1,6-dione, BaP-3,6-
dione, BaP-9-ol and BaP-3-ol. The BaP-9-ol metabolite was formed in more than the 3.5-fold
higher amounts in this CYP1A1 system than by CYP1A1 in Supersomes™. The results found
in experiments using a membrane of E. coli containing CYP1A1 and POR indicated that mEH
seems to be present in very low concentrations that are not sufficient for catalysis of these
reactions. Addition of cytochrome bs to the system of CYP1AL expressed in E. coli led to
essentially no stimulation effect in BaP oxidation. Furthermore, in contrast to CYP1Al
expressed in Supersomes™, no BaP metabolites were formed by CYP1A1 expressed with
POR in E. coli when NADH was added instead of NADPH. However, BaP incubated ex-vivo
with the bactosomal CYP1A1, NADH:cytochrome bs reductase, cytochrome bs and NADH
without NADPH was oxidized. The same metabolites as those formed by CYP1A1, POR and
NADPH were formed in this system.

4. CONCLUSION

The results found indicate that the POR-mediated electron transfer from NADPH to CYP1A1l
in the membrane of endoplasmic reticulum is stimulated by cytochrome bs. Because of this
effect, cytochrome bs is a biologically important factor influencing BaP-mediated
carcinogenesis. The results also suggest that NADH can, to some extent, substitute NADPH

as an electron donor for the CYP1AL reaction cycle of BaP oxidation
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Abstract

Azobenzene has already been reported to be a very useful and readily available actinometer in
the spectral range of 254-436 nm."* It undergoes the E-Z photoisomerization which is a
simple reaction, both azobenzene isomers have unique physical properties, and moreover, the
E-azobenzene is a cheap, thermally stable, and recyclable starting material.* The
photoisomerization of azobenzene has not only been utilized in actinometry but also in
biology to drive the functional changes in peptides, proteins, nucleic acids, lipids, and
carbohydrates.” To revise the standard protocol of the azobenzene’s quantum yield ()
determination and find inconsistencies of the reported molar absorption coefficients of Z-
azobenzene, we determined the molar absorption coefficients of azobenzene isomers and the
quantum vyields of the E-Z isomerization with a higher accuracy. The molar absorption
coefficients of E-azobenzene in MeOH was calculated from the UV/Vis absorption spectra of
various concentrations of the samples, while those of the Z-isomer were obtained using an
algebraic minimization approach from the measured UV/Vis absorption spectra of irradiated
E-azobenzene along with the corresponding concentration ratio of the isomers obtained from
the *H-NMR measurements and known molar absorption coefficients of E-azobenzene. The
quantum yield (@) of the Z-E isomerization in MeOH at 313 nm was found to be 0.20 + 0.01
which was almost two times lower than the reported one (0.30* or 0.37°), while the quantum
yield of E-Z isomerization was 0.14 = 0.004 which is in agreement with that reported by
Gauglitz and Ronayette (0.13* or 0.14"). In addition, the pseudo quantum vyield of Z-E

isomerization in MeOH at 313 nm was calculated to be 3588 + 27.
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Abstract

Humic acids are remarkable substance, which significantly participate in natural processes.
For structural modelling and also for their possible future application parameters as particle
size and conformation seem to be essential. This contribution is dealing with study of both
these parameters measured by means of dynamic light scattering method. The main aim of the
work was the study of behavior of lignite humic acids in their aqueous dispersions. The effect
of pH, purification and selective modification is during the work discussed. All these
parameters significantly influence behavior of humic acids in aqueous solutions by impacting
on their supramolecular stabilization and their aggregation processes.

1. INTRODUCTION

Humic acids are remarkable natural compounds, which play a significant role in binding,
transport and biological uptake of different nutrients and contaminants in soils and aquatic
environments. The main function of humic acids (HA) in soils and sediments is to impact
the porosity and to act as a sorbent and reservoir of water and different kind of chemicals.
Well-known and described is high affinity of HA toward different species such as metals,
surfactants, dyes and hydrophobic species [1, 2, 3, 4]. These facts hand by hand with humic
acids colloidal size, rich natural availability and relatively low-cost extraction techniques
create from them extremely important material for practical applications. For basic structural
modelling, study of reactivity and possible future applications of humic acids basic
parameters such as particle size and shape as well as molecular weight must be taken into
account. Light scattering techniques can provide easy methods, which can be applied for such
characterization [5]. Application of light scattering methods in the area of humic particle
characterization upraises recent years as novel techniques. This area of research is still
encountered by few experimental difficulties mainly caused because of the heterogenic and

polydisperse character of humic materials.
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2. MATERIAL AND METHODS

Humic acids, studied in this work, were obtained in the process of alkaline extraction from
South Moravian lignite. More details on the method of isolation of humic acids as well on
the characterization can be found in [2, 4, 6]. Obtained humic acids were repeatedly washed
in water and freeze dried to decrease the content of inorganic salts.

For study of the aggregation processes of humic acids in aqueous solutions two different
groups of humic sols were prepared. The first group (SOL A and B) was represented by
samples prepared by direct dissolving of solid humic acids in 0.1 M NaOH (SOL A). SOL B
contained of solid humic acids dispersed in water (followed by adjusting of pH to value 12
using 5 M NaOH). The second group can be described as neutral sols of HA. SOL C was
prepared by neutralization of solution of HA in 0.1 M NaOH using 0.1 M HCI (volume ration
of 0.1 M NaOH to 0.1 M HCI was 1:1). The second type of neutral humic sol was prepared by
diluting of most concentrated SOL A using 0.1 M NaCl. Final concentrations of HA in all
utilized sols were following: 0.01; 0.02; 0.1; 0.2; 0.5; 1; 1.5; 2; 4; 5; 6 and 10 g-dm .

To study the influence of often utilized selective blocking (methylation) of functional groups
(mainly carboxylic and phenolic) of HA washed samples were treated with methylation agent.
For these purposes TMS-N2 (trimethylsilyl diazomethane) was used. More details about this
process can be found in [4]. Success of the methylation process was verified using FTIR
spectroscopy. FTIR spectra of solid humic powders in KBr pellets were measured using
spectrometer Nicolet iS50.

Particle size distribution for all studied humic acids dispersion were obtained using Zetasizer
Nano ZS system from Malvern Instrument by means of the method of dynamic light
scattering. Obtained size distributions represent valuable tool for characterization of the
aggregation processes in humic acids solutions and for comparison of different sources of
humic acids, different humic conditions of preparation of humic sols and also pre—treatment.
All presented size distribution represent average values from five repeated measurements. The

measurements were carried out at temperature (25.0+0.1) °C.

3. RESULTS AND DISCUSSION

The main part of this work was dealing with the utilization of dynamic light scattering for
basic particle characterization of different humic dispersions. The basic output from dynamic
light scattering method is intensity size distribution, which shows dependence of relative
intensity of scattered light on distribution of particle size classes. Intensity size distribution
can be converted, using mathematical algorithm called Mie theory, to a volume distribution.
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The volume distribution describes more clearly the distribution of mass in the sample. First
part of the work was investigating the effect of purification of HA on obtained particle size
distributions. Figure 1A describes the volume particle distribution of SOL A after different
purification steps. This pre-treatment of HA significantly decreased their content of ash from
30.5 weight % to 26.6 weight % after repeated washing respectively to 2 weight % after
applying of freeze—drying. From Figure 1A is obvious that decreased level of ash in the
sample decrease also the process of aggregation of HA. By these reasons the freeze-dried HA

were used as source material for preparation of all the humic dispersions in this work.
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Figure 1.: A) Volume particle size distributions of lignite HA after different pre-treating steps
— lignite HA in 0.1 M NaOH (SOL A - green line), washed HA in 0.1 M NaOH (blue line)
and freeze-dried HA in 0.1 M NaOH (red line) and lignite HA dissolved in water (SOL B —
black line); B) Volume particle size distributions of lignite HA in mixture of 0.1 M NaOH +
0.1 M HCI (SOL C — purple line) and lignite HA in 0.1 M NaCl (SOL D — orange line).

Figure 1A illustrates the comparison of HA dissolved in 0.1M NaOH (SOL A) and in water
(SOL B). Both these alkali groups of dispersions show three different parts in their
distributions. First region is up to 100 nm, which can be defined as single humic particles. The
peaks round 400 nm can be assigned to supramolecular assemblies of humic particles
stabilized by non-covalent interactions. The last part of the distributions above 2000 nm can
be described as aggregates of molecules. These findings are consistent with new
supramolecular models of HA structure [7]. Figure 1B describe the volume particle size
distributions of neutral HA dispersions (SOL C and SOL D). The different way of preparation
and mainly the different pH of the dispersions significantly influenced the particle
distributions. The particle distribution of SOL C shows that decrease of pH of the solutions
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caused by its neutralization destroyed the non—covalent stabilization of humic supramolecular
assemblies. On the other side SOL D contained high level of low-molecular ions (Na*, CI°),
which significantly decreased stability of these HA dispersions and aggregation of HA
particles occurred.
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Figure 2.: A) Infrared spectra of lignite humic acids (red) and their methylated forms (black)
B) Volume particle size distribution of lignite humic acids (red) and their methylated

equivalent (black)

The last part of the work was investigating the effect of selective modification of reactive
functional groups of HA in the process of selective methylation using TMS-N2 [4]. The FT-
IR spectra of HA and MHA (Figure 2A) confirmed the modification of humic acids after
methylation. On the other side Figure 2B displayed that the methylation process of HA did
not increase significantly their aggregation. The only difference in obtained particle size
distributions can be found in the area round 1000 nm, which can be connected to change of

the conformation of HA in the solutions.

4. CONCLUSION

The results of this study shed new light on behavior of humic acids in aqueous solutions. The
work emphasized the purification as important pre—treatment step for humic acids to decrease
their aggregation. Obtained data confirmed the supramolecular model of humic acids
structure. On the other side the effect of pH and content of low molecular ions has to be also
taken into mind. Both these parameters significantly influence humic acids behavior in

aqueous solutions.
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Abstract
In this work, we have theoretically studied the thermodynamics of the O—H bonds homolytic
cleavage in various fenoxide anions formed from quercetin and kaempferol in the terms of

corresponding BDEs.

1. INTRODUCTION

Flavonoids represent a large class of naturally occurring polyphenols, mainly found in fruits,
vegetables and cereals. Growing interest in flavonoids research can be attributed mainly to the

antioxidant and free radical scavenging activities related to their OH groups [1], Fig. 1.

Figure 1: Atom numbering and ring denotation in flavonoids.

Experimental works indicate that phenoxide anions, ArO~, formed from flavonoids can be
better radical scavengers than neutral molecules, ArOH [2-4]. Therefore, in this work we
decided to study the thermodynamics of the hydrogen atom transfer (HAT) from the fenoxide
anions of quercetin and kaempferol (Fig. 2) in three environments: gas-phase, benzene, and
water. Homolytic OH group splitting-off leading to the formation of the radical anion ArO* is

driven by O—H bond dissociation enthalpy, BDE.

2. COMPUTATIONAL DETAILS

All calculations were performed using Gaussian 09 program package [5]. The geometries of
all species were optimized using DFT method with B3LYP [6] functional without any
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constraints (energy cut-off of 10> kJ mol™, final RMS energy gradient under 0.01 kJ mol™
A™"). Calculations were performed in 6-311++G** basis set [7]. Solvent contribution to the
total enthalpies was computed using integral equation formalism IEF-PCM method [8, 9].

OH O quercetin OH O kaempferol

Figure 2: Parent molecules ArOH.

3. RESULTS AND DISCUSSION

For chosen anions, BDE values calculated for T = 298 K are compiled in the Table 1. The first
column shows splitted-off OH group, second column presents the reacting anion. First row of

each table section shows BDEs for the neutral parent molecule.

Table 1: B3LYP/6-311++G** BDE values in kJ mol™.

Aro* ArO~ quercetin kaempferol
gas benzene water gas benzene  water
3-O0H — 316 324 316
4-0° 326 324 302
3-0 257 272 279
5-0° 281 301 306
7-0° 286 306 308
4-0H — 305 313 305 338 343 331
3’-0° 299 303 287
3-0 224 242 251 249 265 271
5-0° 257 279 288 282 303 311
7-0° 260 283 290 284 306 313
3-OH — 339 338 317 340 340 318
3’-0° 295 304 296
4-0° 290 295 283 290 295 284
5-0° 328 328 307 334 323 308
7-0° 311 315 300 310 315 300
7-OH — 362 366 351 360 365 352
3’-0° 284 303 304
4-0° 285 300 300 285 302 304
3-0 271 280 278 271 280 279
5-0° 315 327 326 309 323 324

65




XIV. Pracovni setkani fyzikalnich chemik( a elektrochemiki Brno 2014

For all anions (with the exception of 3’,4’- radical anion of quercetin in gas-phase and
benzene), HAT from ArO shows lower BDE in the comparison to the parent molecules.
Differences are often in order of tens of kJ mol™. For both flavonols, the lowest BDEs are
attributed to 4’-OH group splitting-off in 3-O" fenoxide anions. For the majority of formed
radical anions, lowest BDEs are related to 3-O" fenoxide anions. For HAT running at 3-OH
group, the lowest BDE was obtained for 4’-O" fenoxide anion. However, we should note that
reaction enthalpies of the deprotonation of individual OH groups in parent molecules are
different and dramatically depend on the environment [10]. Thus, to find the lowest overall
reaction enthalpy for the formation of radical anion ArO* from the parent ArOH molecule the
sum of the reaction enthalpies of the two steps (deprotonation and HAT) has to be taken into

account.

4. CONCLUSION
In the gas-phase, benzene and water, we have confirmed that all OH groups present in the
fenoxide anions ArO™ formed from quercetin and kaempferol are, from the thermodynamic

point of view, actually better hydrogen atom donors than the parent molecules.
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Abstract
This work is focused on the thermodynamic study of the reaction enthalpies related to the
three mechanisms of primary antioxidants action of the three vitamin B6 components, as well

as 4-pyridoxic acid that represents their metabolite.

1. INTRODUCTION

Current experimental research results indicate that vitamin B6, Fig. 1, shows an antioxidant
activity in plants [1]. It is more powerful singlet oxygen, *O,, scavenger than vitamins C and
E [2]. In blood, it shows higher antioxidant activity than vitamin C [3], too.

| Ng_-CH,
=
HOCH; OH HOCH,

CH,NH, ( a) CH,OH
| N\ CH,
HOCH; = OH HOCH;
CHO (C) COOH

Figure 1: Vitamin B6: pyridoxamine (a), pyridoxine (b), pyridoxal (c); 4-pyrid0xic acid (d).

In this work we decided to study the reaction enthalpies related to the three mechanisms of
primary antioxidants action for pyridoxamine, pyridoxine, pyridoxal, and 4-pyridoxic acid in
three environments: gas-phase, benzene, and water. Antioxidant action of investigated
compounds can be ascribed to the OH group attached directly to the aromatic ring, placed in
the meta position to nitrogen. One of the aims of the work is to compare calculated reaction
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enthalpies with data available for typical primary phenolic antioxidants, such as tocopherols

or flavonoids.

2. COMPUTATIONAL DETAILS

All calculations were performed using Gaussian 09 program package [4]. The geometries of
all studied species were optimized using DFT method with B3LYP [5] functional without any
constraints (energy cut-off of 10 kJ mol™, final RMS energy gradient under 0.01 kJ mol™
A™"). Calculations were performed in 6-311++G** basis set [6]. Solvent contribution to the
total enthalpies was computed using integral equation formalism IEF-PCM method [7, 8].
From the total enthalpies, following reaction enthalpies were calculated for the above
mentioned reaction centre: (i) O—H bond dissociation enthalpies; (ii) ionization potentials and
(iii) proton dissociation enthalpies; (iv) proton affinities of anions formed by OH group
deprotonation and (v) electron transfer enthalpies (for the definitions, see ref. [9]) at
T=298 K.

3. RESULTS AND DISCUSSION

In all environments, bond dissociation enthalpies, BDE, reached similar values. In the gas-
phase, they lie in the 346-400 kJ mol™* range. The lowest value was found for pyridoxamine
and pyridoxine (difference between the corresponding values only 1 ki mol™). The highest
BDEs were found for 4-pyridoxic acid (390 kJ mol™) and pyridoxal (400 kJ mol™), because
CHO and COOH groups form strong intramolecular hydrogen bonds with the OH group
representing the reaction center. The lowest ionization potential and electron transfer enthalpy
values were found for pyridoxamine. On the contrary, lowest proton dissociation enthalpies in
all studied environments were obtained for 4-pyridoxic acid. Lowest proton affinities were
found for pyridoxine. In solution-phase, reaction enthalpies for processes including charged
species are significantly lower than corresponding gas-phase values. In general, found
reaction enthalpies are similar to those found for phenolic antioxidants — tocopherols or
flavonoids [9].

Currently, obtained results are analyzed in order to (i) identify the effect of —CH,NH,
— CH,0OH, —CHO, and —COOH groups in the para position to nitrogen atom (Fig. 1) on the

studied reaction enthalpies, and (ii) to assess the role of the environment.
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4. CONCLUSION

In this ongoing theoretical work, we study pyridoxamine, pyridoxine, pyridoxal, and 4-
pyridoxic acid in the various environments with the focus on the thermodynamics of aromatic
OH group homolytic and heterolytic splitting-off. Calculated reaction enthalpies are analyzed

to shed light on the effect of the substituent located in the para position to nitrogen atom.
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Phenacyl compounds are promising candidates for use as photoremovable protecting groups
(PPGs) enabling spatial and temporal control over the release of various molecules of interest
(neurotransmitters, drugs, etc.) ™. However, detailed knowledge of their photophysics is
needed.

The anion of p-hydroxyacetophenone (pHA") was reported by us and others not to give a
triplet state upon the excitation at the red edge of its absorption spectrum (355 nm) whereas
excitation at lower wavelengths produced triplet effectively®*#. This observation is
thoroughly demonstrated by luminescence and LFP experiments which bring us to the
explanation that is underlined by quantum chemical calculations. The S1 state is giving only
the fluorescence, while the S2 is more effectively ISC to the T2 than IC to S1.

[1] P. Klan, T.Solomek, et al., Chem. Rev. 2013, 113 (1), 119-191.

[2] . Kli¢ova, P. Sebej, et al., The Journal of Physical Chemistry A 2012, 116, 2935-2944.

[3] P. Zuo, C. S. Ma, et al., J. Org. Chem. 2005, 70, 8661-8675.

[4] V. B. Kammath, T. Solomek, B. P. Ngoy, D. Heger, P. Klan, M. Rubina, R. S. Givens, Journal of Organic
Chemistry 2013, 78, 1718
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ACIDITY OF FROZEN SOLUTIONS AND ITS CONNECTION TO
DEGRADATION OF ENZYMES UPON FREEZING
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When a buffered solution is frozen, its acidity may change considerably due to sequential
crystallization of individual buffer components, as was shown for sodium phosphate and
succinate buffer systems [1, 2]. For example, when sodium phosphate buffer is frozen,
Na,HPO, starts to precipitate, leaving only NaH,PO, in the remaining solution and a pH
decreases as much as 3 pH units [3]. Such an abrupt pH change can affect stability of proteins
and other biomolecules during the process of freezing.

Addition of neutral salts to a solution prior to freezing also affects pH of the frozen
solution. Cations and anions are not incorporated into the ice lattice equally; it leads to charge
imbalance between the ice and the unfrozen solution and Workman-Reynolds freezing
potential is generated. The excess charges are eventually neutralized via interfacial transport
of H" / OH ions and the acidity of the remaining solution can change significantly and
permanently [4, 5].

We applied UV-Vis absorption and diffuse reflectance spectroscopy to measure
acidities of frozen aqueous solutions of common buffers and salts under various conditions. A
low amount of acid-base indicator cresol red was used as an internal probe [6]. The observed
pH changes and their consequences for enzymes freezing and thawing will be discussed in the

presentation.
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Abstract

Negatively charged hyaluronan binds to cationic surfactant via electrostatic interactions which
result in self-assembly nanoparticles formation. These particles have a core-shell like
structure and can be used in targeted drug delivery of hydrophobic active substances. A
hydrophobic inner core contains aggregated surfactant molecules and hyaluronan creates a
hydrophilic shell layers.

The aim of our study was to prepare and study hyaluronic acid nanoparticles based on
electrostatic interactions with oppositely charged surfactant molecules.

Interactions of hyaluronan and surfactants were investigated using dynamic light scattering
and Laser Doppler Velocimetry methods. Titration experiments (size distribution and zeta
potential measurements and isoelectric point) were utilized to explore the formation of
aggregates. Hyaluronan or surfactant was used as titrant for comparison of two preparation
methods of these systems. Effect of molecular weight and concentration of hyaluronan were
investigated.

Aggregates formation is influenced by preparation of systems. Different types of particles are
formed if hyaluronan is added to surfactant solution or vice versa. If hyaluronan have a role of
titrant, final particles are smaller than in the case of surfactant as titrant and can be more
suitable for drug delivery applications.

Assuming in the isoelectric point is reached compensation of charges of hyaluronan and
surfactant, real degrees of hyaluronan dissociation were determined. Concentration of
hyaluronan and conformation of hyaluronan in the system have a significant effect on

established degree of dissociation.
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1. INTRODUCTION

Hyaluronan is a naturally occurring linear polysaccharide. It is a negatively charged
biopolymer possessing one carboxylate group per disaccharide repeating unit (D-glucuronic
acid and N-acetyl-D-glucosamine residues linked by B(1-4) and B(1-3) bonds). Hyaluronan
can be found primarily in the extracellular matrix of all higher organisms, and is therefore an
attractive building block for new biocompatible and biodegradable materials that could have
applications in drug delivery, tissue engineering, wound healing or surgery [1].

Hyaluronan cannot be directly used to carry nonpolar substances (hydrophobic drugs e.g. for
fighting cancer) due to its highly hydrophilic character and large hydration shell. A
combination of hyaluronan with surfactant may lead to formation of associates in which the
surfactant hydrophobic domains solubilize hydrophobic substances and hyaluronan plays a
role of biocompatible carrier and targeting agent [2].

Complex formation is influenced by preparation of systems. Different types of particles are
formed if hyaluronan is added to surfactant solution or vice versa. In the case of surfactant as
titrant as the ratio of surfactant molecules to charged sites on the polyelectrolyte approaches
unity, precipitation of the complex occurs due to charge neutralization of the polyelectrolyte
and to the hydrophobic nature of the bound surfactants, which adopt a conformation in which
their ionic headgroups are effectively removed from the solution. On addition of further
surfactant, the insoluble polymer-surfactant complex redissolves. This is due to cooperative
binding of surfactant molecules on the polymer chains, whereby hydrophilic micelles are
formed [3]. Formation of hyaluronan-surfactant complex nanoparticles can be done by
addition of hyaluronan to surfactant solution. It is necessary use surfactant concentration
under a critical micelle concentration to presence of micelles aggregates in solution.

Dynamic light scattering method and zeta potential measuremtns is one of many techniques
for study of polyelectrolyte-surfactant interaction [4]. Results confirmed that these systems

are formed due to electrostatic interactions and it depends on molar ratio of components.

2. MATERIAL AND METHODS

Hyaluronan (as sodium salt of hyaluronic acid; HyA) was purchased from CPN, Ltd., Czech
Republic. Cationic surfactant cetyltrimethylammonium bromide (CTAB) of the best available
purity was purchased from Sigma-Aldrich, Czech Republic.

Stock solutions of hyaluronan and CTAB were prepared in aqueous solution. All stock
solution were prepared by slow dissolution of powdered substances upon stirring and left
stirred for 24 hours to ensure complete dissolution.
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Titrations of substances were performed for investigation of interactions between hyaluronan
and surfactant. Surfactant or hyaluronan was used as titrant. Isoelectric points (point of zero
charge) were determined and compared. In the case of surfactant as titrant, concentration of
surfactant titrant was 5 mM or 50 mM and hyaluronan concentration was 15 mg-I*, 1 g-17,
respectively. In the case of hyaluronan as titrant, concentration of hyaluronan titrant was 1 g-I’
! and surfactant concentration was 1 mM. Hyaluronan was used at two molecular weights,
116 kDa and 1669 kDa.

Finally colloids were characterized by dynamic light scattering and laser Doppler Velocimetry
methods. Size distribution (correlation function) and zeta potential measurements were
utilized to explore the formation of complex micelles. All measurements were performed
using Zetasizer Nano ZS (Malvern Instruments). All Zetasizer units provide a z-average
figure which is the intensity weighted mean hydrodynamic size of the ensemble collection of
particles measured by dynamic light scattering. Z-averages of size distribution were compared

and plotted.

3. RESULTS AND DISCUSSION

Titration experiments were performed using hyaluronan or surfactant as titrant. In the case of
surfactant as titrant, surfactant concentration linearly increased during the experiments and
zeta potential increased mostly linearly during the titration, too. Initial zeta potential values of
hyaluronan were about —30 mV. These values generally indicate high stability of the colloid
system.

Size distribution of particles in the systems indicate that hyaluronan oneself without surfactant
creates a wide-ranging domains in the solution. A small addition of the surfactant to
hyaluronan solution decreases size distribution of particles in the system. With the increasing
zeta potential of the system, close to isoelectric point, particles size distribution increases due
to precipitation of the complex occurs owing to charge neutralization. The colloidal system
exhibits in this point zerozeta potential and minimum stability. When surfactant
concentration in the system dominates, size distribution stabilizes about 200-500 nm.

In the case of hyaluronan as titrant, situation of size distribution is analogous to previously
case. Size distribution of stabilized nanoparticles when hyaluronan is in the system dominate,
is about 200 nm. This may be more suitable method to formation drug delivery nanoparticles,
which sizes should be in the range of 6 and 200 nm [5].

In case that surfactant was used as titrant isoelectric point or more precisely point of zero
charge shows concentration of surfactant when positive charge of surfactant equals to
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negative charge carrying on hyaluronan chain. It was found that measured isoelectric point
does not correspond to theoretical isoelectric point supposing 100% dissociation of
carboxylate groups of hyaluronan chain. Isoelectric point occurred at much lower surfactant
concentration. It means that less than 100 % of hyaluronan carboxylate groups dissociate,
practically about 50 %.

When hyaluronan was used as titrant, zeta potential decreases linearly during the titration.
Point of zero charge was found at lower hyaluronan concentration than theoretical value if
100% dissociation is assumed. It was found that only 20 % carboxylate group was
dissociated. Increase of size distribution of aggregates before isoelectric point was observed,
too.

Concentration of hyaluronan and conformation of hyaluronan in the system have a significant

effect on established degree of dissociation.
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Figure 1.: Left — Zeta potential and z-average in depending of surfactant concentration (M,
HyA = 116 kDa), Right - Zeta potential and z-average in depending of hyaluronan
concentration (My, HyA =116 kDa).

4. CONCLUSION

Titration experiments were performed to investigation of interaction between hyaluronan and
opposite charged surfactant and to study differences between two methods of preparation of
this system. Increase of aggregates size was observed near point of zero charge. The
hyaluronan-surfactant system exhibits in this point zero zeta potential and minimum stability
result in phase separation. It was found that in the case of hyaluronan as titrant, final
aggregates are smaller and more stable than when we used surfactant as titrant and therefore

are more suitable for drug delivery applications.
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Abstract

The contribution deals with synthesis and characterization of CdTe-QD nanoparticles covered
by mercaptopropionic acid (MPA). The luminescence of particles (diameter 3-5 nm, zeta-
potential -40 mV, pH ~ 6.5) is quenched in presence of metal ions (Cu®*, Pb?*) which can be

utilized for their fast, simple and sensitive determination (LOD ~ 0.5 uM).

1. INTRODUCTION

Quantum Dots (QD’s) semiconductor particles of 1-10 nm diameter are mostly sparingly
soluble cadmium compounds CdX (X = S, Se, Te). Covering mercaptopropionic acid (MPA),
glutathione, cystein®’ (see Fig. 1) the colloid solubility is increased while the ionization of
their functional groups placed on particle surface ensures their solubility. Their unique
physico-chemical as well as optical luminescence properties can be employed for detection
and determination of ions, biologically important molecules and many other analytes™™ since
they do have broad excitation and narrow emission bands which can be tuned by their size,
morphology and kind of nanoparticles’. This contribution presents optimization of synthesis
of CdTe-QD nanoparticles, their characterization and their potential application for

determination of metal ions by means of luminescence spectroscopy.
O Tellurium

O Cadmium

Figure: Structure of CdTe-QD nanoparticels (adapted according to ref. [6])
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2. MATERIAL AND METHODS

The CdTe-QD nanoparticles covered by MPA were synthesized according to literature
procedure’ and they were characterized on Zetasizer Nano ZS equipment (Malvern, UK) in
order to determine diameter and zeta potential. Luminescence measurements were carried out
on spectrofluorimeter AvaSpec 2048 (AVANTES, Netherland) in wavelength region 350-1100

nm using violet laser (wavelength 405 nm, power 200 mW) for excitation.

3. RESULTS AND DISCUSSION

Several procedures found in literature’” were utilized for synthesis of CdTe-QD
nanoparticles. No differences in physico-chemical properties were observed for samples
prepared in the time course 3-4 hours. The bright-orange colloid solution (pH ~ 6.5) emits
greenish radiation (maximum of emission band about 544 nm) after laser excitation and thus
the size 3.2 nm was estimated for nanoparticles. In addition, the measurement of nanoparticles
size by means of laser scattering (A = 633 nm) shows that their size is about 5 nm and zeta-
potential is -40 mV. The decrease of solution pH of prepared of CdTe-QD’s leads to increase
of zeta-potential and size of nanoparticles (>10 nm) since the carboxylic functional groups
located on surface are gradually protonated. Zeta-potential value is then approaching to zero
at pH<3 as consequence of fully neutralization of negatively-charged carboxylic groups by
protons leading to agglomeration of nanoparticles to highly organized structures (up to 1500

nm at pH < 3) and then to precipitation of nanoparticles in form of less soluble compound.

The self-quenching of CdTe-QD nanoparticles in concentration region 0 — 1.6 pgml™
was not observed when diluting stock solution (¢ ~ 4 pg'ml™, pH ~ 6.5). On contrary, this
effect was observed for higher concentration of CdTe-QD nanoparticles therefore all other
experiments have to be done with solution of lower concentration and all other experiments
were carried out at concentration level 1.6 pgrml™ (pH ~ 6.5). Adding CuCl, stock solution (c
= 1 mmol.I""), the shape of luminescence spectra of CdTe-QD’s was not changed, only the
intensity is decreased. This effect can be described as

I, -1
I

where lp and | are intensities without and in presence of metal ion, Ksy is Stern-Volmer

=Ksw[M]

constant derived for static character of quenching®. The following parameters (Ksy ~ 3200,

limit of detection 0.64 uM) were calculated.
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Adding Pb** ions to solution of CdTe-QD nanoparticles, the analogous effect of quenching is
observed. Limit of detection is comparable as found for Cu?* ions, however Stern-Volmer
constant Ksy is one order of magnitude higher (Ksy ~ 21500), thus the determination of larger
Pb(I1) ion is more sensitive than for smaller Cu®* ion. The results can be slightly improved for

the purified CdTe-QD-nanoparticles.

4. CONCLUSION

The CdTe-QD nanoparticles covered by MPA were synthesized and characterized (size, zeta-
potential). The presence of some heavy metal ions (Cu?*, Pb**) led to luminescence quenching
of nanoparticles in solution and this effect was utilized to their sensitive determination which
is comparable with results obtained by other analytical methods (e.g. ISE potentiometry,
differential pulse polarography, molecule absorption spectroscopy, etc.).
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Abstract

Rose bengal (RB) is a well-known xanthene dye used in photodynamic therapy, textile
industry and cosmetics.® Here we report a detailed and complete mechanistic study of the
triplet excited state and of oxidized and reduced forms of RB. The kinetics of these reactive
species were studied by steady-state spectroscopic and kinetic nanosecond laser flash
photolysis using a 532 nm laser as a source of excitation. Scheme 1 summarizes the processes
that can be involved upon RB excitation (a): The RB triplet (*RB* )disproportionates to give
the oxidized (RB™) and reduced (RB™") forms of RB (b, c) or undergoes a triplet—triplet
annihilation (c). This detailed study is an essential step towards understanding of its role in

the photochemical tissue bonding.?

K
(b) 3rB2"+ RB2- —=—> RB* + RB*3” or2 RB2~

k _
(©) 3rB2 + 3RRZ — 11> RB* + RB®3” or 2 RB?

Scheme 1: Photochemistry of the triplet excited state of RB
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Abstract

In this contribution, 1,4-bis-(2-diphenylamino-thiophen-5-yl)-benzene (A) and (1,4-bis-[2-
(phenothiazin-10-yl)-thiophen-5-yl]-benzene (B) consisting of three different groups, namely
the diphenylamino-, bithiophene- and central phenylene moiety, respectively, were studied in
detail to get insights to their oxidation mechanism. Different voltammetric techniques, in situ
EPR-UV/Vis/NIR and NMR spectroelectrochemistry as well as a theoretical study based on

DFT calculations were used to achieve this goal.

1. INTRODUCTION

In the last decades functionalized oligothiophenes found applications in organic field-effect
transistors, organic light emitting diodes and solar cells due to their easy structure variation
and large variety of electronic properties [1-4]. The combination of thiophene derivatives with
diphenylamino-groups made these structures useful as hole-transporting materials for optical
and microelectronic devices [5]. Based on this finding different diarylamino substituted
oligothiophenes were synthesized and their redox reactions have been studied by in situ
spectroelectrochemistry [5-7].

In this contribution,1,4-bis-(2-diphenylamino-thiophen-5-yl)-benzene (A) and (1,4-bis-[2-
(phenothiazin-10-yl)-thiophen-5-yl]-benzene (B) consisting of three different groups, namely
the diphenylamino-, bithiophene- and central phenylene moiety, respectively, were studied in
detail [8]. The only difference between A and B is that in B the diphenylamino moiety of A is

replaced by a phenothiazinyl unit.

2. MATERIAL AND METHODS

A standard three electrode arrangement of a platinum wire as working electrode, a platinum
wire as counter electrode, and silver wire pseudoreference electrode was used in cyclic

voltammetric experiments with a PAR Potentiostat-Galvanostat Model 273A in glove box.
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Decamethylferrocene (DmFc) was used as internal potential standard. Sample solutions with
approximate concentration of 0.5 mM, prepared with 0.2 M TBAPFg supporting electrolyte in
CHCl,. Spectroelectrochemical experiments were carried out in flat spectroelectrochemical
cell (Pt mesh working electrode) in the optical EPR cavity (ER41040R, Bruker, Germany).
The EPR spectra were recorded on an X-band EMX EPR spectrometer (Bruker, Germany).
For in situ EPR-UV/VIis/INIR spectroelectrochemical studies, diode-array Avantes
UV/Vis/NIR spectrometer and potentiostat Heka PG 284 (HEKA Elektronik, Germany) were
used. All spectroelectrochemical studies were performed in the Centre of

Spectroelectrochemistry at IFW Dresden (Germany).

3. RESULTS AND DISCUSSION

Cyclic voltammetry of A and B was performed in CH,CI, containing TBAPFg as supporting
electrolyte. Both investigated compounds give cyclic voltammograms at low oxidation
potentials (0.69 V vs. DmFc*/DmFc for A and 0.81 V vs. DmFc*/DmFc for B — Fig. 1). At
cyclic voltammograms, ratio of current between A, repectively B and internal standard DmFc
at the first CV peak was estimated to 2 indicating two electron process. The peak-to-peak

separation corrected for iR drop was estimated to be 60 mV for DmFc, 45 mV for A and 39
mV for B. If the second oxidation potential is lower as the first one (E; >E, ), and the second

oxidation potential doesn't exceeds 180 mV comparing to the first one, the CV peak exhibits

two electron transfer characteristics.

124 —A E,,(A) =069V

—8B E,,(B) =081V
84

DmFc'/DmFc
< 4
04
44
T T T T T T
-0,4 0,0 0,4 0,8

E vs. DmFc'/DmFc /V
Figure 1.: Cyclic voltammograms of 0.5 mM A (green line) and B (blue line) in CH,CI,/TBAPF; in the presence

of 0.5 mM DmFc (scan rate 50 mV s™).

83




XIV. Pracovni setkani fyzikalnich chemik( a elektrochemiki Brno 2014

Upon electrochemical oxidation of A two optical transitions arise at 662 nm and 1510 nm at
the potential of the first oxidation peak. Simultaneously broad unresolved EPR spectra with a
relatively low g-factor value of 2.0015 was observed, indicating the presence of a large set of
splittings. For A™, spin density is suggested to be delocalized over a large part of the
molecule (corresponding with shape of HOMO orbital. B gives upon electrochemical
oxidation similar optical transitions at 700 nm and 1475 nm appear Simultaneously a line-
broadened EPR spectrum with a shifted g-factor value (g = 2.0047) was observed. An EPR
splitting constant is caused just by one nitrogen atom with ay = 0.65 mT. The high g-factor
value and the shape of the EPR signal point to the localization of the additional charge and
spin at the phenothiazinyl moiety. This result is in agreement with shape of HOMO orbital.
Applying Marcus theory of mixed valence (MV) systems approach the cation A" can be
assigned to delocalized class I11 Robin-Day MV system. On the other hand the cation B

exhibits characteristics of a localized (class 1) MV system.

4. CONCLUSION

Anodic oxidation of 1 leads to the unstable initially generated radical cation which rapidly
dimerizes to the corresponding EPR-silent protonated dimer. The radical cation 4" formed by
electrooxidation 4 is rather stable. For monomers 2a, 2b and 3, the oxidation leads
immediately to the electrodeposition of an polymer film on the electrode surface. The
electrochemical stability of these polymers and reversible changes of their UV/Vis/NIR
spectra in the broad wavelength range upon redox cycling indicate their promising application

as stable electrochromic materials.
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Abstract

A detailed spectroelectrochemical and theoretical study of thienyl derivatives based on
pyrene, namely 1-(2-thienyl)-pyrene (1), 1,6-bis(2-thienyl)-pyrene (2a), 1,4-bis(2-thienyl)-
pyrene (2b), 1,3,6-tris(2-thienyl)-pyrene (3) and 1,3,6,8-tetra(2-thienyl)-pyrene (4), and their
oxidation products with focus on the formation of their corresponding cationic states are
presented. Regioregular polymeric systems were prepared by means of electrochemical
polymerization from monomers 2a, 2b and 3. The redox behavior of the corresponding
polymers was studied by cyclic voltammetry and in situ EPR-UV/Vis/NIR
spectroelectrochemistry with the aim of obtaining details on the type of charge carriers within

the polymer film.

1. INTRODUCTION

Fluorescence probes based on pyrene moieties have attracted considerable attention over the
last decades [1, 2]. The pyrene moiety represents a unique fluorescent probe and its
derivatives have found brought applications in sensors [3, 4], liquid crystals [5], organic light-
emitting diodes [6], as electrochromic applications [7], transistors [8], photoactive
polypeptides [9] and genetic probes [10]. Pyrene units can serve as components for various
types of fluorescent polymers and dendrimers [11].

In this work, we performed a detailed spectroelectrochemical and theoretical study on the
electron transfer in new thienyl derivatives of pyrene and their oxidation products with focus

on the formation of their corresponding cationic states [12].

2. MATERIAL AND METHODS

A standard three electrode arrangement of a platinum wire as working electrode, a platinum
wire as counter electrode, and silver wire pseudoreference electrode was used in cyclic

voltammetric experiments with a PAR Potentiostat-Galvanostat Model 273A in glove box.
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Decamethylferrocene (DmFc) was used as internal potential standard. Sample solutions with
approximate concentration of 0.5 mM, prepared with 0.2 M TBAPFg supporting electrolyte in
CHCl,. Spectroelectrochemical experiments were carried out in flat spectroelectrochemical
cell (Pt mesh working electrode) in the optical EPR cavity (ER41040R, Bruker, Germany).
The EPR spectra were recorded on an X-band EMX EPR spectrometer (Bruker, Germany).
For in situ EPR-UV/VIis/INIR spectroelectrochemical studies, diode-array Avantes
UV/Vis/NIR spectrometer and potentiostat Heka PG 284 (HEKA Elektronik, Germany) were
used. All spectroelectrochemical studies were performed in the Centre of

Spectroelectrochemistry at IFW Dresden (Germany).

3. RESULTS AND DISCUSSION

Anodic cyclic voltammetry of investigated thienyl derivatives of pyrene 1-4 differs
substantially and depends on the number of thienyl rings present on the pyrene molecule. A
dominant dimerization reaction was proposed for oxidation of 1 (Fig. 1-a). The lifetime of the
radical cation 1™ was estimated to be approximately 10~ s using fast scan voltammetry. After
proton release, a new m-conjugated dimer D1 is formed irreversibly with a lower oxidation
peak potential as for the monomer confirming an elongation of the w-conjugation in the dimer.
For electrochemical oxidation of 4, a reversible first anodic peak is found using a scan rate of
0.1 V s*. Even the second oxidation step was found ant it exhibits nearly reversible behavior
(Fig. 1-b). Therefore, the radical cation 4" formed by electrooxidation is rather stable.
However, at low scan rates (e.g. 0.005 V s ) a new cathodic peak at lower oxidation potential

is already observed indicating dimerization or oligomerization reactions.

@
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Figure 1.: Cyclic voltammetry at 0.1 V s in 0.2 M TBAPF¢/CH,ClI, solution of (a) 1 and (b) 4 — one oxidation
step (black line) and two oxidation steps (red line).
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For monomers 2a, 2b and 3, the anodic oxidation leads immediately to the electrodeposition
of an electroactive material on the electrode surface. After the first scan new redox couples
started to appear and the corresponding current increased after each cycle step. After washing
with free monomer electrolyte, the film was redox cycled in 0.2 M TBAPFg in CH,Cl, a well
defined an reversible redox behavior of such a prepared polymer (2a),, (2b), and (3), was
confirmed. The simultaneously measured narrow EPR singlet is similar to that of other
conducting polymers indicating a delocalized spin.

4. CONCLUSION

Anodic oxidation of 1 leads to the unstable initially generated radical cation which rapidly
dimerizes to the corresponding EPR-silent protonated dimer. The radical cation 4™ formed by
electrooxidation 4 is rather stable. For monomers 2a, 2b and 3, the oxidation leads
immediately to the electrodeposition of an polymer film on the electrode surface. The
electrochemical stability of these polymers and reversible changes of their UV/Vis/NIR
spectra in the broad wavelength range upon redox cycling indicate their promising application

as stable electrochromic materials.
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Abstract

The objective of this contribution is to provide useful suggestions, recommendations and
simple procedures to minimise the influence of primary error sources in gquantitative EPR
measurements. When the below presented recommendations and procedures were used in our
quantitative EPR experiments (with a Bruker EPR spectrometer using a Bruker double TEj4
rectangular cavity and air conditioning) the EPR signal intensity of a wide range of samples
could be obtained with experimental errors between 3-5%. We believe that these tips can be

helpful in quantitative EPR practice.

1. INTRODUCTION

A multitude of error sources influence the data accuracy of quantitative EPR spectroscopy.
The serious problems associated with reproducibility in quantitative EPR measurements were
clearly demonstrated in the comparison of the results obtained from international experiments
in 1962 (coordinated by prof. Kohnlein [1]) and 1992-92 (coordinated by prof. Yordanov [2]).
In principle, experimental errors in quantitative EPR measurements for a given laboratory and
a given EPR spectrometer, may be reduced in carefully performed experiments to 2-5% [1, 2].
However, in practice, quantitative analysis of the same sample in different laboratories
produced results, which in the worst cases were incompatible and in others gave an
uncertainty between ca 100-200% [1, 2]. No satisfactory explanation for this discrepancy has
been found at present. The main objective of this contribution is to provide useful
suggestions, recommendations and simple procedures to minimise the influence of the

selected primary error sources in quantitative EPR measurements.
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2. MATERIAL AND METHODS
The pairs of the cylindrical samples of various internal diameter (i.d.) and length (L) were
prepared. Quantitative EPR spectra were recorded and evaluated according to the same

procedures as described in our previous papers. For further details see elsewhere [3, 4].

3. RESULTS AND DISCUSSION
As a representative example, the comparison of cylindrical samples with identical volumes

but different shapes is illustrated. The experimental arrangement is outlined in the Figure 1.

X X
o .
a : b
I I I. .l
........ L|I - L?I » Z
‘_E_’ ‘,.“.
; 9,

Figure 1.: Schematic diagram of the cross section of the microwave rectangular cavity, in the
centre of which cylindrical samples with identical volume, but different shape (a) and (b) are
inserted.

The material, volume and mass of the pairs of the compared samples was identical. The

experimentally observed difference in the EPR signal intensity, Ipp(1)—Ipp(2), between the

given samples with shape (a) and (b) are summarised in the Table 1.

Table 1.: Pairs of cylindrical samples with identical sample volume (V) but with different
sample shape indicated by corresponding sample internal diameter (i.d.) and length (L). The
experimentally obtained Ipp(1)—Ipp(2)} difference is given as a percentage of the smaller Ipp
value.

V[mm3] i.d.[mm]  L[mm] Ipp(1)/1pp(2) [a.u]  1pp(1) - Ipp(2) [%0]

62.83 4 5

2.98 198 %
62.83 2 20
125,66 4 10

3.78 278 %
125.66 2 40
15,71 2 5

4.13 313 %
15.71 1 20
31,42 2 10

5.32 432 %
31.42 1 40
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It is clear from Table 1 that the comparison of the pairs of the samples with identical volumes
but different sample shapes show signal intensity differencies between ca 200-400 %.
However, when the sample shapes were identical the differencies were found between 3-5%.
It is obvious that the different sample shape (in the spite of identical sample volume, material
and also sample mass) could be responsible for the essential difficulties in the quantitative

EPR measurements. For more information see Ref. [3].

4. CONCLUSION

For the samples which are to be compared in quantitative EPR measurements, the following
recommendations were selected: a) The shape of all samples should be identical. b) The
position of the sample/reference in the cavity should be identical. ¢c) The wall thickness of
sample tubes should be identical. d) The shape and wall thickness of quartz Dewars (if used)
should be identical. d) A double TEjo4 rectangular cavity should be used in quantitative EPR
spectroscopy. €) The dielectric properties of unknown and standard samples should be as
close as possible. f) The use of commercially distributed software for postrecording spectra
evaluation is a basic necessity. g) The sample and laboratory temperature should be kept
constant during all measurements. See Ref. [5] for further detailed information. When the
above mentioned recommendations and procedures were used in our quantitative EPR
experiments (with a field modulated CW Bruker EPR spectrometer using an original Bruker
double TEjo4 rectangular microwave cavity and air conditioning) the EPR signal intensity of

a wide range of samples could be obtained with experimental error between 3-5%.
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Abstract

Molecules of biopolymers such as hyaluronan or carboxymethylcellulose have hydrophilic
character. On the other side the chains of these natural compounds contain also hydrophobic
areas. These parts are often protected by water molecules that are probably highly organized.
The interactions between native hydrophilic biopolymers and hydrophobic solutes were
studied using the method of fluorescence spectroscopy. It was observed, that drying of the
systems open up the binding sites for hydrophobic compounds. After system rehydration the
hydrophobic solutes are locked up the hydrophobic solutes are locked up on the chain of

biopolymer by the molecules of water.

1. INTRODUCTION

Hyaluronan is a biopolymer, which can be qualified as essential for vertebrates. It is a major
component of most of tissues. Besides of the mechanical functions this compound is
important for many biological processes 0, 00. The molecule of hyaluronan has hydrophilic
character. The chain of biopolymer contains also the hydrophobic parts, but they are not
accessible and the hydrophilic character of molecule prevails. 0. On the other side, many of
drugs or vitamins are hydrophobic 0. The aim of this work was the study of systems
biopolymer-fluorescence probe. The drug in our studied system is substituted by the
hydrophobic fluorescence probe which allows the monitoring of the interaction between
components using fluorescence spectroscopy. Besides the hyaluronan another model

biopolymers were used too.
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Figure 1.: Hydrophilic (blue) and hydrophobic (red) parts on the chain of hyaluronan 0

2. MATERIAL AND METHODS

In the first part of the work the samples for drying were prepared. Three different molecule
masses of hyaluronan (CPN spol. s r.0.) were used (100 kDa; 420 kDa; 1,46 MDa) and the
concentration of the biopolymer was 1 g«dm™. As the fluorescence probe, perylene (Sigma
Aldrich) was chosen for his significant hydrophobic character. Concentration of perylene was
5-10"° mol-dm . All components were prepared in water solution and dried by low pressure.
After complete drying the samples, the product was rehydrated by water.

These samples were measured on spectrofluorimeter Fluorolog Horiba Jobin Yvon at the
temperature 25 °C. For comparison the blank samples were prepared from the biopolymer and
fluorescence probe in the water without drying step.

The same approach was used with other biopolymers such as carboxymethylcellulose (Sigma
Aldrich) or sodium alginate (Sigma Aldrich), but in this paper we selected just the results with

hyaluronan.

3. RESULTS AND DISCUSSION

The molecule of perylene, which was for purposes of this work used as replacement for drug
molecule, has high hydrophobic character. By this reason perylene is non-soluble in water and
therefore it does not provide fluorescence signal. After dissolving in more hydrophobic
environment, the fluorescence response is more significant. This fact is basic for discussion of
supporting of interactions by drying of our systems 0.

Figure 2 shows, that undried sample with 100 kDa hyaluronan and perylene dissolved in
water has almost zero intensity of fluorescence (orange line). This tells us that without
supporting of the interactions with drying the perylene dissolved in water does not interact
with hyaluronan chain. The hydrophobic parts on the chain of biopolymer were not accessible
for molecules of hydrophobe. Organized water creates the barrier and molecules of
fluorescence probe stay undissolved in the water. After drying of the system enough, the

desired areas on the chain are locked up and the molecules of perylene can interact with
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biopolymer. Perylene surrounded by hydrophobic environment of the chain provided strong
fluorescence signal. The intensity of the fluorescence is related to the polarity index of
sample. The green line in the Figure 2 shows significant increase of the fluorescence signal,
SO we can suppose that the components interact. Similar results we observed from all

measurements, even with different biopolymers (CMC, sodium alginate).

blank sample

Milion

dried sample

1.0 A

intensity of fluorescence

00 T T T I I
420 460 500 540 580

wavelength (nm)

Figure 2.: Emission scan of dried and undried system containing hyaluronan with molecular
mass 100 kDa and concentration 1 g«dm " and perylene with concentration 5-10 ° mol-dm

On Figure 3 is displayed the influence of drying on supporting of the interactions in studied
systems for three different molecular mass of hyaluronan. With increasing molecular mass of
biopolymer the fluorescence signal decreases. This trend is contrary to the expected results.
Longer chain of biopolymer should provide more binding places for hydrophobic probe. This
can be caused by conditions or duration of drying. Other experiments with different
concentration or biopolymer do not show such a trend. The most important fact is that the

interactions between the components of system were confirmed for all measurements.

120 -
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Milion

100 -
80 - dried sample
60 -

40 -

&
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molecular mass of hyaluronan

Figure 3.: Influence of drying on increasing of fluorescence signal of three different

molecular mass of hyaluronan in the system with perylene
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4. CONCLUSION

The method of fluorescence spectroscopy was used as main measuring method for
investigation of the interactions between hydrophilic native biopolymers and hydrophobic
fluorescence probe. As studied biopolymers hyaluronan, carboxymethylcellulose and sodium
alginate were chosen. Perylene was used as the fluorescence probe. The results show that the
perylene has no fluorescence response if we just mixed up the components in water solution.
On the other side dried and rehydrated system provided significant fluorescence signal.
Therefore we consider the drying of the studied system as a useful tool for supporting of the

interactions between biopolymers and hydrophobic species.
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Abstract

The flow-through one-channel amperometric biosensor is presented for determination of
organic (carboxylic) acids. It is based on two sensor layers that are deposited on a platinum
elctrode. The inner layer eliminates interferences by limiting diffusion of electrochemically
active substances such as ascorbic acid, polyphenol compounds. This layer is electro-
polymerized using the equimolar mixture of o-phenylenediamine and resorcinol. The outer
layer is prepared by cross-linking the enzyme sarcosine oxidase and bovine serum albumin
using glutaraldehyde. The formation of enzymatically produced hydrogen peroxide is
monitored at 650 mV vs. an Ag/AgCI reference electrode. The addition of carboxylic acids
causes competitive inhibition of the enzyme and a decrease in signal. The assay was
optimized for determination of carboxylic acids in wine samples. Following 10-fold dilution,
most samples contain 1-10 mM individual carboxylic acids and thus a 5 mM concentration of
sarcosine was chosen as being optimal for competition. In case of real samples, the biosensor
measured the sum of all carboxylic acids, which serves as a parameter describing the quality

of wines. Results from testing of 31 wines are reported.

1. INTRODUCTION

Organic acids are one of the most important components which are especially responsible for
its acidity and tartness. The content of carboxylic acids in wine is dependent on the region of
grapes growing and the associated climatic conditions. Wines originating in the northern
regions typically contain a greater proportion of acids, particularly malic acid, while the wines
from the Mediterranean area exhibit lower acidity. The predominant representants found in
wines are tartaric, malic, citric, succinic, lactic and acetic acids. Tartaric, malic and citric acid
originate in grapes while succinic and acetic acid are produced during the fermentation

process. The wines from northern regions typically contain higher amounts of malic acid; the
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level of malic acid is decreased by the malolactic fermentation, resulting in reduction of
acidity and tartness [1].

This fermentation is rather difficult to control, hence monitoring of ratio of malic and lactic
acids in treated wine is require. In our case, sarcosine oxidase (SOD) was used for monitoring
of this process using an electrochemical biosensor. The decrease of malic acid was monitored
through decreasing inhibition of SOD.

The widely employed analytical methods for the determination of organic acids in wine are
based on determination of the total quantity of acids in wine. Capillary electrophoresis with
direct and undirect detection (CE) was performed [2]. As another alternative, various types of
biosensors for determination of individual organic acids were introduced. Biosensor for the
determination of malate employs enzyme malate dehydrogenase (MDH) [3]. Another way to
monitor the acids content is the use of enzyme inhibition by organic acids. Developed
biosensor was based on competitive reversibile inhibition of sarcosine oxidase (SOD) by
organic acids in the presence of sarcosine. SOD was inhibited by malate, citrate, succinate,
acetate, formate and partially tartrate while lactate provided very small inhibition effect. The
goal of this work was comparison of the SOD biosensors with capillary electrophoresis (CE)
as standard method. In this case, 31 wine samples from companies Znovin (Znojmo) and

winery Jaroslav Tichy (Rybniky,) were analysed.

2. MATERIAL AND METHODS

Sarcosine oxidase (SOD, EC 1.5.3.1, from Bacillus sp., 25-50 units-mg-1), sarcosine, bovine
serum albumin, o-phenylenediamine, resorcinol, glutaraldehyde (GA), L-lactic acid, L-malic
acid, succinic acid, phthalic acid and cetyltrimethylammonium bromide (CTAS) were
purchased from Sigma. Acetic acid, citric acid, formic acid, tartaric acid, glycine, sodium
hydrogenphosphate, sodium dihydrogenphosphate, potassium chloride, hydrogen peroxide
and L-ascorbate were purchased from Penta.

Polymerization proces

The working electrode was coated with a thin layer of the selective noncondutive copolymer
(2mM o-phenylenediamine and 2mM resorcinol) which grows until its maximum thickness.
As the surface becomes isolated, electric current decreases in relation with increasing polymer
thickness.

Biosensors

Enzyme layer was prepared by cross-linking of SOD (5 U.cm™) with 2% GA in 50 mM
phosphate (pH 7.4). The mixture was supplemented with 100 mg.mI™ BSA in order to reach
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the density of 2 mg.cm™. The immobilization mixture was deposited on the copolymer-coated
working electrode and stored at 4°C.

Capillary electrophoresis

An Agilent 7100 CE System (Waldbronn, Germany) equipped with a diode-array UV-Vis

detector was used to perform all analyses.

3. RESULTS AND DISCUSSION

Copolymer permeability

Permeability was monitored with 10 mM hydrogen peroxide (analyte) and 1 mM ascorbic
acids (interfering compound) before and after deposition of the copolymer; measurements
were performed on gold working electrode at +650 mV vs. Ag/AgCl in 100 mM KCI and 10
mM potassium phosphate pH 7.4.

Table 1: Permeability of copolymer Spontaneus *The percentage values were
deposition calculated using following formula:
% =1 after/ Tpefor X 100
Before [%] After [%]* (after) after/ Ibefor
H,0, 100 117
Ascorbate 100 0.001

Principle of competitive reversible inhibition
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competitive reversible inhibition of immobilized Figure 2: Comparison of SOD biosensor responses vs. CE

sarcosine oxidase analysis
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Table 2: The effect of carboxylic | Inibitor Slope of | Linear
acids on the activity of inhibition x 10® | range[mol.L™]
immobilized sarcosine oxidase in [L.mol™]
the presence of 5 mM sarcosine Citric acid 98.9 0.5-5
Succinic acid 59.7 0.5-8
Malic acid 56.6 0.5-8
Acetic acid 35.5 0.5-10
Formic acid 32.2 0.5-10
Lactic acid 2.8 -

4. CONCLUSION

Analysis of wine samples using biosensors and CE showed correlation between the results
obtained by both methods. From that is evident the biosensors can not fully replace the
standardized method, but on the other hand, its mobility and simplicity of determination allow
their use in the field during on-line monitoring of fermentation processes in comparison to
CE. In this case, their function is not to determine the absolute values of the analytes, but
continuous monitoring of increase or decrease of the signal in the time frame which can be a

major shift in the production of quality wines.
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Abstract

Degradation of hyaluronan samples was studied by size exclusion chromatography - multi
angle laser light scattering (SEC-MALLS). The degradation was observed in powder as well
as in solution. Rate of degradation increased at room temperature as expected according to
Arrhenius law. It was not possible to use first order kinetics for description of the degradation.

We used zero order kinetic model and empiric model, but similar to first order kinetics.

1. INTRODUCTION

Hyaluronan is a linear natural polysaccharide of the glycosaminoglycans family. Its chemical
structure comprises disaccharide units composed of D-glucuronic acid and N-acetyl-D-
glucosamine, which are alternatively linked through 1,3 and 1,4 glycosidic bonds 0.

All the authors deal with degradation dependent on pH 0,0, temperature 0,0 or they deal with
addition of other compound (hydrogen peroxide 0 for instance). But no one deals with
stability of hyaluronan powder or hyaluronan solutions after hyaluronan powder is dissolved
in water. What is the time stability of hyaluronan after mixing the solution? We report about

the time stability of hyaluronan solution and kinetics of time degradation.

2. MATERIALS AND METHODS

In our work we studied the hyaluronan degradation in aqueous solutions of two different
molecular weight hyaluronic acid samples by using SEC-MALLS, in order to observe the
modification of molar mass, polydispersity and polymer conformation in time.

SEC-MALLS technique allows:

the separation of different polymeric compounds function of molecular weight

the determination of absolute molar mass averages (egs. 1-3) from 10 Da to 10° Da

2 3
ZnM . ZnM o M, ZnM o
Zn ’ ZnM ’ ZnM2
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Mn - number average molar mass; M - weight average molar mass; M - z average molar
w z

mass; n. - number of molecules with molar mass M.

The mobile phase used was 0.1 M NaNO; aqueous solution, containing 3 mM NaNj3 to
prevent microorganism growing. For the same reason an UV lamp was also used.

All hyaluronic acid samples used in this study were obtained from Contipro (Czech Republic)
where are produced by fermentation (Streptococcus equi., subsp. Zooepidemicus bacterial
strain). The analyzed samples were of different molar masses, as follows (HA - hyaluronic
acid or hyaluronan):

HA 1MDa: Mw =1 MDa

HA 0.75MDa: Mw = 752 kDa

3. RESULTS AND DISCUSSION

According to Tokita and Okamoto 0, degradation of hyaluronan obeys first order kinetics.
Dependencies of molecular weights on time, determined in samples kept at room temperature,
suggest exponential decay. By linearizing first order Kinetic equation we found out that
dependencies are not linear.

Explanation is found in comparison of linear dependencies of the same hyaluronan samples
kept in the fridge and non-linear dependencies of samples kept at room temperature and in
behaviour of low molecular weight hyaluronan. Degradation of hyaluronan kept in the fridge
should be slower than in samples at room temperature according to Arrhenius law. The
experimental data depicted in Figure 1 support this prediction.

Also the probability of degradation of low molar mass hyaluronan is lower, because there are
less glycosidic bonds to break. We suggest two degradation models for the rate of hyaluronan
degradation. First is zero order Kkinetics. We suggest that degradation rate changes when
certain level of degradation is reached (12.5 % for HA 1 MDa, 6.8 % for HA 0.75MDa). This
means that every dependence looks as exponential decay, but mathematically is not possible
to fit dependencies with first order kinetic exponential function and linearizing of the equation

(hM, =-kt+InM,), and the data, gives us non-linear dependence as in case of non-

linearized data. In fact, there are two separate Kinetic units in each sample kept at room
temperature. Samples kept in the fridge probably have linear dependence because they did not
reach the second degradation level to date. Thus, kinetic model suggested by Tokita and
Okamoto is not useful in our study. We suggest that time degradation of hyaluronan obeys

zero order kinetics according to approximated equation for zero order kinetics:
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M, =M, +kt, (4)
where M,, represents molecular weight of degraded hyaluronan, My initial molecular weight of
hyaluronan, k the rate constant of degradation and t is time. Time derivative of Equation 4
gives us rate constant as a slope of linear dependence:
dM,,
dt

By fitting Equation 4 in molar mass decrease from Figure 1, the final values found for the

=k. (5)

degradation rates in solution at room temperature after 30 days are obtained:
9.43-10% kDa-hour™ for HA 1MDa and 6.84-107° kDa-hour™ in the case of HA
0.75 MDa, respectively. After 30 days, rate constants decreased to 2.56-10"° kDa- hour™ and
1.02-107 kDa-hour™ for HA 1 MDa and HA 0.75 MDa hyaluronan, respectively. The
dependences of M, on time of samples kept in the fridge are strictly linear for both 1 MDa

and 0.75 MDa hyaluronan solutions. Again from the fit of M, = f(: we obtained rate

constants of degradation of 1.05-10* kDa-hour™ and 1.11-10° kDa - hour™ for HA 1 MDa
and HA 0.75 MDa hyaluronan, respectively. We cannot compare individual values of rate
constants of different molecular weights, because we have different range of y axis. But when
we compare rate constants of each hyaluronan sample, we can see slower degradation in
second decrease region as mentioned above. It is actually expected, because hyaluronan has
lower molecular weight and probability of degradation of lower molecular weight should
decrease, which is shown by fitting Equation 4 in experimental data. Kinetic calculations also
confirm behaviour of degradation at different temperature in according to Arrhenius law.

The second degradation model for samples at room temperature was derived empirically:
Mw=M_ +M . e™, (6)
where Myis represents difference between molecular weight of fresh hyaluronan sample and

last determined value of measured molecular weight. M _ represents asymptotic value

att =00 = e =0. At these conditions, Equation 6 changes to:
M,=M,.(7)
Fit of M, = f € with Equation 6 yields overall rate constants for all hyaluronan samples.

Comparison of adjusted R-square determined by Origin shows, that statistically is better to
use exponential dependence derived empirically but in first phase of degradation, zero order

kinetics fits as well. But in case of hyaluronan samples kept in the fridge it was not possible to
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fit the data with Equation 6 so in that case we used only zero order Kinetics to extract rate

constants of degradation.

= HyA 0,75 MDa (room temp.)
= HyA 0,75 MDa (fridge)

m  HyA 1 MDa (room temp.)
= HyA 1 MDa (fridge)

Mw (kDa
Fy
3

T T T T T T T T
0 50 100 150 200 250 0 50 100 150 200 250
Time (days) Time (days)

Figure 1: The degradation of HA 0.75 MDa (a) and HA 1MDa (b) in time at room
temperature and in the fridge

4. CONCLUSION

We suggest two kinetic models for hyaluronan degradation. Zero order kinetic model fits the
data for samples at room temperature and for samples kept in the fridge. Equation 6 fits well
data for samples kept at room temperature. Therefore we show that degradation of hyaluronan
at room temperature is possible to describe by two models as described above. For samples
kept in the fridge we cannot use Equation 6 to fit the data, because these dependencies are

linear.
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Abstract
Oxidation of and DNA adduct formation by benzo[a]pyrene (BaP) by rat cytochrome P450
(CYP) 1A1 enzyme systems is stimulated by cytochrome bs and NADH.

1. INTRODUCTION

Benzo[a]pyrene (BaP) is a genotoxic carcinogen that covalently binds to DNA after metabolic
activation by cytochrome P450 (CYP) [1,2]. CYP1ALl is the most important enzyme in BaP
bioactivation [2,3], in combination with microsomal epoxide hydrolase (mEH). First,
CYP1ALl oxidizes BaP to an epoxide that is then converted to a dihydrodiol by mEH (i.e.
BaP-7,8-dihydrodiol); then further bio-activation by CYP1ALl leads to the ultimately reactive
species, BaP-7,8-dihydrodiol-9,10-epoxide (BPDE) that can react with DNA, forming
preferentially the 10-(deoxyguanosin-N%-yl)-7,8,9-trihydroxy-7,8,9,10-tetrahydrobenzo[a]py-
rene adduct [4]. BaP is, however, oxidized also to other metabolites such as the other
dihydrodiols, BaP-diones and hydroxylated metabolites. Even though most of these
metabolites are the detoxification products, BaP-9-ol is a precursor of 9-hydroxy-BaP-4,5-
epoxide, which can form another adduct with deoxyguanosine in DNA [5,6]. Therefore,
regulation of CYP1Al-mediated oxidation of BaP leading to either metabolites forming
BPDE, 9-hydroxy-BaP-4,5-epoxide or the BaP metabolites that are the detoxification products
is of major importance. In order to modulate CYP1Al-catalyzed oxidation of BaP in human,
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knowledge on such modulation of the CYP1Al enzyme from suitable animal models that
might mimic oxidation of BaP in human should be investigated and the results found applied
to regulation of BaP oxidation by human CYP1A1. In fact, the first step of such investigations
is to find which of the animal model CYP1A1l enzyme oxidizes BaP similarly to human
CYP1AL. Recently, similarities between human and rat CYP1A1 in BaP oxidation indicating
that rats are a suitable model mimicking BaP oxidation in human were demonstrated [7].
However, there are still not clearly explained how an electron transfer mediated by
NADPH:CYP reductase (POR) on CYP1Al during BaP oxidation in the microsomal
enzymatic system occurs, and whether cytochrome bs might influence this electron transfer.
Namely, the oxygen needed for BaP oxidation is activated in the active center of CYPs by two
electrons transferred from NADPH and/or NADH by means of POR and cytochrome bs,
respectively [8]. Whereas POR is an essential constituent of the electron transport chain
towards CYP, the role of cytochrome bs is still quite enigmatic. Likewise, a potential of
NADH as a donor of electrons to the CYP-mediated reaction cycle is still not exactly known.
Even though the second electron in the CYP reaction cycle might also be provided by the
system of NADH:cytochrome bs reductase, cytochrome bs and NADH, there is still rather
enigmatic whether this system might participate in donation of the first electron to CYP.
Therefore, here we investigated the effect of cytochrome bs and NADH on a potency of
CYP1AL to oxidize BaP to its metabolites and on formation of BaP-DNA adducts in vitro.

2. MATERIAL AND METHODS
Liver microsomes of uninduced rats and/or those in which CYP1A1 was induced with Sudan
I, and Supersomes™ isolated from insect cells transfected with baculovirus constructs

containing cDNA of rat CYP1A1 and expressing POR were used as model enzyme systems.

3. RESULTS AND DISCUSSION

Rat hepatic microsomes are natural systems containing all components of a monooxygenase
system located in a membrane of endoplasmic reticulum, CYPs, POR, cytochrome bs, and
NADH:cytochrome bs reductase, in addition to mEH. Rat hepatic microsomes oxidized BaP
to BaP-9,10-dihydrodiol, the unknown metabolite Mx, BaP-7,8-dihydrodiol, BaP-4,5-
dihydrodiol, BaP-1,6-dione, BaP-3,6-dione, BaP-9-ol and BaP-3-ol. These results indicate
that BaP is metabolized not only by CYP1A1 present in this enzyme system, but also by
mEH, which is important for the hydration of BaP epoxides to produce dihydrodiols. An up to

more than 3.5-fold increase in amounts of BaP metabolites were generated in microsomes, in
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which CYP1ALl was induced. Interestingly, the used rat hepatic microsomes formed in the
presence of NADH the same BaP metabolites as microsomes with NADPH. The amounts of
metabolites were also comparable. Rat recombinant CYP1Al expressed with POR in
Supersomes™ oxidized BaP to the analogous spectrum of metabolites as rat hepatic
microsomes. These results indicate that BaP is metabolized in this system not only by
CYP1A1, but also by mEH. Similar to hepatic microsomes the supersomal CYP1A1 oxidized
BaP to the above mentioned metabolites even when NADH was present instead of NADPH.
Addition of cytochrome bs to the supersomal CYP1A1l system led to a more than 2-fold
increase in BaP oxidation to its metabolites; the highest increase in formation of BaP-
7,8,dihydrodiol, BaP-9,10-dihydrodiol and BaP-3-ol was found.

In further experiments, the formation of BaP-derived DNA adducts was investigated in the
same enzymatic systems. In ex-vivo incubations containing hepatic microsomes of control and
Sudan I-pretreated rats, DNA, BaP and NADPH generated two major DNA adducts detectable
by 32P-postlabeling [6]. Induction of CYP1A1 by Sudan I resulted in a more than 25-fold
increase in total DNA adduct levels. Similar to formation of BaP-metabolites, also the BaP-
DNA adducts were generated in the microsomal system containing NADH instead of
NADPH. Activation of BaP by rat CYP1A1 reconstituted with POR in the presence of DNA
and NADPH resulted in formation of only one BaP-DNA. Therefore, this adduct is formed by
CYP1Al-catalyzed oxidation of BaP alone, without the contribution of mEH. This adduct was
tentatively identified as the adduct derived from a reaction of deoxyguanosine in DNA with 9-
hydroxy-BaP-4,5-epoxide [5,6]. Addition of mEH to the ex-vivo incubation containing BaP,
CYP1AL1 reconstituted with POR and NADPH resulted in formation also another adducts,
which was identified as dG-N°-BPDE [6]. The question whether the substitution of NADPH
by NADH influences BaP-DNA adducts formation by the CYP1Al-reconstituted system is
planned to be answered. Addition of cytochrome bs to the CYP1ALl-reconstitution system
stimulated the formation of both BaP-DNA adducts, but their levels depended on ratios of
CYP1A1:POR:mEH:cytochrome bs.

4. CONCLUSION

The results demonstrate that the POR-mediated electron transfer from NADPH to CYP1ALl is
stimulated by cytochrome bs and suggest that NADH can, to some extent, substitute NADPH
as an electron donor for the CYP1ALl-reaction cycle catalyzing oxidative activation of BaP.
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Abstract

Utilizing the Western blotting and the real-time polymerase chain reaction (RT-PCR)
methods, expression of cytochrome P450 1A1 (CYP1Al), NAD(P)H:quinone oxidoreductase
1 (NQO1) and cytochrome bs proteins and mRNAs, respectively, was found to be induced by
treating rats with three aryl hydrocarbon receptor ligands, benzo[a]pyrene (BaP), ellipticine
and Sudan I. Because these chemicals induced the expression levels of the enzymes essential
for their oxidation dictating their biological activities (CYP1A1 and cytochrome bs), they

exert concerted regulatory control on their own genotoxic and/or pharmacological effects.

1. INTRODUCTION

Cytochromes bs are heme proteins, which are capable of accepting and transferring a single
electron [1]. One of cytochromes bs, which is located in the membrane of endoplasmic
reticulum (microsomal cytochrome bs), is involved in fatty acid desaturation, cholesterol and
plasmalogen biosyntheses as well as in various hydroxylation reactions catalyzed by mixed
function oxidase system [2,3]. It can accept an electron from either NADH:cytochrome bs
reductase or NADPH:cytochrome P450 (CYP) reductase [3,4] and then reduced cytochrome
bs transfers this electron to CYPs and other enzymes. The role of microsomal cytochrome bs

in catalytic function of CYPs has not been fully understood yet. Cytochrome bs has been
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shown to be able to stimulate, inhibit or have no effect on CYP mediated reactions (for a
review, see [2-4]). One of hypotheses trying to explain the influence of cytochrome bs on
CYP reactions suggests a role of cytochrome bs in a direct transfer of the second electron to
the CYP enzyme, which is considered to be the rate limiting step in the catalytic cycle of the
CYP monooxygenase reaction [4]. The electron transfer from reduced cytochrome bs to CYP
is faster than the input of electron from NADPH:CYP reductase [5]. Another possible
mechanism of the cytochrome bs action is the formation of a complex between cytochrome bs
and CYP, which can receive two electrons from NADPH:CYP reductase in a single step, one
for reduction of CYP and another for that of cytochrome bs [3]. While CYP without
cytochrome bs has to undergo two separate interactions with NADPH:CYP reductase to
complete one catalytic cycle, in the case of the presence of cytochrome bs, only one single
interaction of complex of CYP and cytochrome bs with NADPH:CYP reductase is sufficient;
cytochrome bs provides the second electron to CYP promptly after oxygen binding.
Interaction of cytochrome bs with CYP may also induce conformational changes in CYP
proteins leading to breakdown of oxygenated hemoprotein complex with substrates to
products. This hypothesis is based on findings showing that not only holoprotein of
cytochrome bs, but also its apo-form (devoid of heme), which is not capable of electron
transfer, can contribute to stimulation effects [3-5].

It is clear from such investigations that expression levels of cytochrome bs in a cell are
crucial for efficiencies of several CYPs to oxidize xenobiotics. This is also true for the
oxidation of the anticancer drug ellipticine and the carcinogens benzo[a]pyrene (BaP) and
Sudan | (1-phenylazo-2-hydroxynaphtalene); their oxidation by CYP1Al, dictating their
biological effects, is strongly influenced by cytochrome bs [6-10]. Therefore, here the effect
of BaP, ellipticine and Sudan | on expression of cytochrome bs protein in rats in vivo was

investigated. Their potency to induce the CYP1A1 and NQOL1 enzymes was also investigated.

2. MATERIAL AND METHODS

Male Wistar rats were treated intraperitoneally with BaP, ellipticine and Sudan | as described
previously [7-10]. Microsomes were isolated from the livers and kidneys of this animal model
[9]. The method of Western blot, employing anti-rat CYP1Al, NAD(P)H:quinone
oxidoreductase 1 (NQOL1) and cytochrome bs antibodies, was utilized to evaluate expression
of these proteins. Their mMRNA contents in rat liver and kidney measured using the real-time

polymerase chain reaction (RT-PCR) were also carried out [7-10].
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3. RESULTS AND DISCUSSION

Using a method of Western blotting with antibodies raised against rat CYP1A1, NQO1 and
cytochrome bs and a RT-PCR method, the effects of exposure of rats to BaP, ellipticine and
Sudan | on expression levels of MRNA and proteins of these enzymes were analyzed. We
found that these compounds act as inducers of cytochrome bs in liver and kidney of rats. Here,
the mechanism of such induction was investigated. Beside a potency of BaP, ellipticine and
Sudan | to induce cytochrome bs, they also induced enzymes that are regulated by activation
of the aryl hydrocarbon receptor (AHR), CYP1Al and NQO1, both at mRNA and protein
levels. This finding corresponds to their ability to act as AHR ligands.

Up to 5-, 10- and 100-fold increases in NQO1, cytochrome bs and CYP1A1l protein
expression levels, respectively, were caused by treatment of rats with these compounds. The
increase in protein levels was paralleled by an increase in mRNA expression in most cases.
Because of the induction of cytochrome bs by the tested xenobiotics in parallel to that of
CYP1A1 and NQO1, an analogous induction mechanism via the activation of AHR might be
suggested. Nevertheless, further studies investigating the effects of AHR expression on

induction of these proteins are needed to be performed to support this suggestion.

4. CONCLUSION

Utilizing the Western blotting method, expression of CYP1A1, NQO1 and cytochrome
bs protein was found to be induced by treating rats with BaP, ellipticine and Sudan 1. Since
these compounds induced the expression levels of the enzymes essential for their oxidation
dictating their biological activities (CYP1Al and cytochrome bs), they exert concerted

regulatory control on their own genotoxic and/or pharmacological effects.
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Abstract

This work deals with voltammetric determination of xanthine (Xan) and its methylated
derivatives (1-, 3-, 7-, and 9-mXan) in the presence of copper ions, which form in situ
complexes with corresponding xanthines and enable more sensitive detection of these
substances by voltammetric methods on pencil graphite electrodes (PeGE). To enhance the
sensitivity of detection we used the elimination voltammetric procedure (EVP), which is able
to increase oxidation signals and to uncover the minor processes of the reaction.

1. INTRODUCTION

Xanthine and its methyl derivatives are biologically important substances and their
concentration, particularly in urine, can be a suitable indicator of various types of diseases [1-
2]. Monovalent copper allows the formation of the Cu(l)-purine complex, which provides in
voltammetric measurements (LSV - Linear Sweep Voltammetry) anodic response at a
potential of around 0.4 V, while there is a simultaneous increase in the oxidative signal of the
corresponding purine during detection [3,4]. For a simple, sensitive and fast electrochemical
detection of methylxanthines on pencil graphite electrodes (PeGE) in the presence of copper,
we used adsorptive stripping techniques in connection with the elimination voltammetric
procedure (EVP) [5]. The entire elimination procedure was described in several earlier works
[6-8] and enables us to eliminate some current components while others are maintained.
These techniques were proven to be a useful tool in the study of the oxidation process because
of their easy instrumentation and very small consumption of controlled substances [9].

In this work we studied the redox behavior of the methyl derivatives of xanthine; the
formation of complexes of Cu(l)-methylxanthine and the influence of the methyl group on the
redox behavior was also investigated at different pH and solution composition. The acquired
knowledge was used to design a procedure that combines in situ formation of the purine
complex with monovalent copper ions on the surface of PeGE and the adsorptive stripping
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technique coupled with the elimination procedure for qualitative and quantitative analysis of
these substances and subsequently for its use in medicine and pharmacy.

2. MATERIAL AND METHODS

All measurements were performed on an Autolab PGSTAT30 potentiostat (Metrohm, Czech
Republic) using a three-electrode system with an auxiliary platinum electrode, the reference
AgQ/AgCI/KCI (3M) electrode and a pencil graphite electrode (PeGE, diameter 0.5 mm,
surface area 16 mm?) from Tombow (Japan) as the working electrode. The chemicals
including xanthine (Xan) and its methyl derivative (1-, 3-, 7- and 9-mXan) were purchased
from Sigma-Aldrich. Before the measurements, all graphite electrodes were activated in 0.1
M acetate buffer, pH 5.1, using a 30-second pulse insertion at a potential of 1.4 V. For CV
measurements we used a potential between -0.1 V and 1.4 V with 120 s adsorption at a
potential of -0.15 V. To calculate the elimination E4 functions (f(I), equation 1) we used the
average values of the currents of three independent CV measurements (scan rates 200, 400
and 800 mV/s). More information can be found in a previous publication [6].

f(1)=-116571,,, -+ 17.485l, . — 5.8284l,,, )

vref ;o vref

where Iy IS an LSV curve scanned at the reference scan rate, ly.ef2 and loyes are scan rates of
the half and twice the value of the scan rate.

3. RESULTS AND DISCUSSION

A typical record of the elimination procedure has the form of f(lI) vs. the E and elimination function is
shown in Fig. 1. The elimination function E4 (Equation 1) is the eliminating kinetic and
capacitycurrent component and conserves the diffusion current component [6-8].
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Fig. 1. Elimination (EVP E4) curves of 20 uM Xan without 20 pM Cu(Il) and with 20 pM Cu(II)
ions; reference scan rate 0.4 V/s, acetate buffer pH 5.1.
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The electroactive substance in the adsorbed state provides or accepts an electron, and we can observe a
specific signal in the form of peak-counterpeak. Compared with LSV the elimination procedure
provides a significantly increased signal in the absence or presence of Cu (ll).

4. CONCLUSION

The electrochemical analysis of xanthine (Xan) and its methyl derivatives (mXan) was
performed on pencil graphite electrodes (PeGE) in the presence of copper ions using linear
sweep voltammetry (LSV) in combination with the adsorptive stripping voltammetric
technique and the elimination procedure (EVP) to increase the sensitivity of detection. The
analysis of mXan is based on the electrochemical surface modification of PeGE by
monovalent copper and formation of complex Cu(l)-mXan, which is formed by in situ
reduction of the copper ions Cu(ll) by anodic polarization of PeGE and allows determination
of methylxanthines with the use of EVP. In accordance with the theory the peak-counterpeak
signals arising after the use of elimination procedures reveal that the charge transfer process is
mediated by particles in the adsorbed state and in addition an EVP significantly increasing the
detection sensitivity and reducing the detection limits (nanomolar concentrations).
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Abstract

Nanostructured surfaces pose, in many cases like functional layers — they feature with specific
fiction/s. It is due to nanospecific phenomenons resulting in analytical signal enhancement,
specific optical properties, separation abilities or capturing of analytes, leading an electric
current or catalyse specific reactions. The use of these metallic nano/microstructures in many
applications (surface enhanced Raman spectroscopy (SERS) and separation ability) has been
studied. Free-template electrodeposition is wused for the synthesis of metallic
nano/microstructures on solid substrates in order to facilitate their practical applications as
nanobuilding blocks for plasmonic films, nanoseparation/filtration or capturing media
followed with an integration of functional films into nanodevices. This contribution reviews a

recent trends in this field of science.

1. INTRODUCTION

Electrochemical deposition of nanostructured functional films means to create well-ordered
nanostructured surfaces , compact layers and microdevices, featuring exquisitely defined
geometry and morfology, controlled surface chemistry, and tunable physical properties.
Research teams are interested in materials and structures whose properties can be tuned or
optimized by variations in size, geometry, crystallinity, composition of surface. This strategy
is applied primarily to problems related to sensing films, cell capturing media, mechanical
devices, biomedical materials, culture heritage surfaces, renewable energies and magnetism.

There are a lot of results with producing metallic (Co, Ni, Co, Pt, Au, etc.) nanowires and

nanotubes with various functionalities (e.g. fer-romagnetic, Tip Enhanced Raman Scattering,
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etc.) where authors use electrochemical deposition process inside high as-pect ratio membrane
templates (Anodic Alumina Oxide or polycarbonate). Controled was the main growth pa-
rameters during the deposition in order to tailor crystal structure and morphology of the
metallic nanostructured films. Structural, electrical and mechanical properties were studied in
correlation with the synthesis conditions employed. The most electroformed components are
nanocrystalline and the use of templates to produce homogenous nanostructured film is
recommended.

With new advances in material science, newer strategies arise that result in sophisticated
architecture for chemical separations based on molecular self-assembly. These processes
result from spontaneous molecular interactions to control the size, shape, or surface
characteristics of the assembly, often resulting in what is a highly ordered and unique
structure. These molecular assemblies may possess nanoscale features as well as unique
properties that macroscale materials often lack. Among those structures are nanotubes,
nanocavities, nanowires, nanoposts, nanocones, nanospheres, molecular imprints,
nanoparachutes (conical monodendrons), and general nanoparticles with random structures
[1]. The integration of porous structures into microchannels is known to enable unique and
useful separations both in electrophoresis and chromatography. Etched pillars and other
nanostructures have received considerable interest in recent years as a platform for creating
microchannels with pores tailored to specific applications. Demonstrated was application of
chiral and chevron nanostructures. This versatility in structural design could facilitate new
developments in on-chip separations [2]. In this contribution we documment a recent status in
development of plasmonic films as well surface with separation ability as well integration of

multifunctional elements into a microfluidic devices and chips.

2. MATERIAL AND METHODS

The silver nanostructured films were prepared by electrochemical deposition of silver at
polystyrene nanosphere template to prepare nanocavity film. Different cavities were applied
and spectral signal enhancement in SERS as well cells encapturing have been studied. Second
film has been made by silver electrodeposition to AAO membrané to get nanowires
nanostructured surface. The thin gold layer prepared by evaporation on AAO membrane was
used as cathode and the platinum electrode as anode. The alumina template was dissolved in 1
M NaOH for 1 hour after filling the membrane pores by the deposited silver. Nanosized
structure consists of nanowires 25 nm in diameter and 3000 nm long. The mixture of
rhodamine 6G and 4- aminothiophenol was analysed by SERS and secondary ion mass
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spectrometry (SIMS) to clarify mechanism of spectral signal enhancement or separation

ability of nanostructured films.

3. RESULTS AND DISCUSSION

General equation (1) defines parameters of nanostructured surface with plasmonic, SERS

signal enhancement function.

E..€Y.z2 >E2—0aE, [%—?—:(fwyfﬁzij (1)
Final energy of surface plasmon polariton formed at nanostructured film is given in a equation
).
e—g, [ r Y
E.,=— 0| — | E
* 8+26‘0(r+d) 0 (2)

Intenzity of a surface plasmon is well defined for spheric nanoparticles and requires
corrections for a shape different to a sphere. At Fig. 1 is a micrograph of ~ 500nm silver
nanocavity nanostructured film that allows entrapping of colon cancer cells and enhances

spectral signal in SERS 10 times.

Figure 1.: Polystyrene nanospheres litography of silver nanocavity film.

Stronger SERS signal enhancement has been obtained with other silver nanostructured films
prepared by template-free electrodeposition method. Nanospecific phenomenon attaches 4-
minothiophenol self-assembled (SAM) formation to make signal enhancement extremely
intensit, founded at value 102 (see Tablel to copare with another films). Separation ability of

silver nanowires nanostructured films were confirmed by SIMS.
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Table 1: Comparison of various characterictic values in course of one year.

nanoAg-PIGE R6G 10°®

Au/Si nanovlakna 10° R6G 10 100
nanoAg 10* R6G 5100 -
nanoAg/SAM 10 4-ATF 107 -

4-aminothiophenol separates from rhodamine 6G in mixture by forming 4-aminothiophenol
SAM while rhodamine 6G migrates alone along the silver nanostructured film. Spectral

separation has been calculated directly from SIMS spectra .

4. CONCLUSION

Nanostructured thin films feature with nanospecific functionality that can be applied in
different areas of research. Nanoscopic phenomenon allows to introduce novel
micro/nanosensors with detection of one molecule. Nanocavities with different diameter can
capture migrating tumor cells and separate mixtures. Moreover, cavity down 40 nm diameter
looks to be sensitive for microscopic RNA (miRNA) induced at cancer. When present, it
switches signal at cavity. Integration of functional nanostructures to micro/nanofluidic

systems and chips couples benefits of both.
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Abstract

Ironphosphate coated carbonyl iron powder (Fe/P) was prepared by phosphating method.
Moreover, the Fe/P-Mn alloy was produced by sintering of Fe/P powder mixed with
manganese powder. Bare carbonyl iron samples, Fe/P and Fe/P-Mn sintered samples have
been tested with respect to their microstructure, and hemocompatibility. Addition of P and Mn
resulted in higher surface inhomogeneity, porosity and roughness. All the samples were found

to be hemocompatible.

1. INTRODUCTION
The degradable biomaterials have been proposed as a novel class of highly bioactive
biomaterials which are expected to disappear via corrosion after providing structural support
for a certain period of time depending on the application site [1]. Metals, ceramics and
polymers are the most commonly used materials in the biomedical field [2]. Metals are more
mechanically interesting compared to polymers for load-bearing implants. Two classes of
metals have been mainly used: iron based [3, 4] and magnesium based alloys [5, 6].

The aim of the present work was to investigate the usability of iron based sintered
materials as a potential degradable biomaterial. The effect of iron phosphate coating of
carbonyl iron powder and manganese addition on the microstructure and in vitro

biocompatibilities of sintered materials has been evaluated in this study.

2. MATERIAL AND METHODS
Materials preparation and characterisation
The carbonyl iron powder (type CC, d50 value 3.8 — 5.3 um) was used for the experiments as

a starting material. Carbonyl iron powders were coated in phosphating solution using the
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modified precipitating method. Phosphated iron powders were dried and calcined in air.
Content of phosphorus in resulted sintered samples was ~ 0.5 wt.%.

The samples with addition of Mn were prepared from the mixtures of 30 wt.% of Mn powder
(APS <10 pum, 99,6%) and carbonyl iron powder.

The powder mixtures were cold pressed at 600 MPa into cylinders (& 10 mm, h 2 mm) and
sintered for 1 hour at 1120 °C in reductive H2. The samples Fe/P were sintered at 1050°C to
avoid the liquid-phase sintering.

The microstructure of the experimental samples was observed by a scanning electron
microscope (JOEL JSM-7001F, Japan).

Biocompatibility studies
For this purpose, 1 ml of healthy sheep blood containing sodium citrate (3.8 wt %) in the ratio
of 9:1was taken and diluted to 10 ml with normal saline. The haemolysis test, thrombus

formation test and platelet adhesion test described in details in [11] were conducted.

3. RESULTS AND DISCUSSION

Figure 1 shows the micrographs of Fe, Fe/P and Fe/P-Mn samples. Sintering of powder
compacts resulted in some differences in microstructures. Small isolated pores with size up to
1 um are visible in microstrucure of Fe and Fe/P compacts. Approximately ten times larger

pores occur in Fe/P-Mn samples.

Figure 1.: Carbonyl iron based sintered material prepared by powder metallurgy: Fe, Fe/P,
Fe/P-Mn.

The calculated values of hemolysis percentage were 7.00%, 5.33% and 3.96% for Fe, Fe/P
and Fe/P-Mn samples, respectively. Addition of P and Mn to the iron powder resulted in
lowering of hemolytic activity compared to pure iron sample. All the experimental samples
can all be categorized as hemocompatible and Fe/P-Mn sample can be categorized as highly
hemocompatible.
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The slight decrease in thrombus formation was observed for the sintered material prepared
from phosphated iron powder as compared with bare iron sample. Addition of Mn resulted in
significant decrease of thrombus weight.

Fig. 2 shows representative SEM images of platelets adhering to the experimental samples. It
is clearly visible that more platelets were present on the bare iron surface as compared with
the Fe/P and Fe/P-Mn materials. Platelets adhering to the iron surface have more afinity to the
metal surface and form pseudopodia-like structures whereas those present on the surface of

Fe/P and Fe/P-Mn samples maintained their integrity, as shown by arrows.

Figure 2.: SEM images of platelets adhering to the different carbonyl iron based sintered
material prepared by powder metallurgical method: Fe, Fe/P, and Fe/P-Mn.

4. CONCLUSION
Iron based sintered material was fabricated via powder sintering method. The samples with
addition of phosphorus and Mn were manufactured to increase the hemocompatibility.
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Abstract

DNA molecules can adopt many unusual structures (hairpins, i-motifs, G — quadruplexes and
others), linked with many neurodegenerative diseases (X syndrome, Friedreich’s ataxia,
Huntington’s disease). The aim of our contribution is the electrochemical investigation of
different structures of DNA heptamers with AAA, CCC, GAA, GGG and TTT sequence in the
molecule center as the effect of adsorption on the electrode surface (mercury electrode, pencil
graphite electrode).

1. INTRODUCTION

DNA molecules can adopt many unusual and less well characterized structures, different from
the classical Watson—Crick arrangement (B-DNA, known since 1953), such as hairpin
structures, i-motifs, G — quadruplexes, left-handed Z-DNA and other structures, playing an
important role in DNA functions and pathology [1, 2]. It is known that i-motifs and hairpin
structures are linked with expansion events of triplet repeat expansions, associated with many
neurodegenerative diseases (X syndrome, Huntington’s disease, Friedreich’s ataxia or
myoclonic epilepsy) [3-5]. From this point of view, the knowledge of DNA fragment structure
and its function in vivo is very important. For the investigation of conformational properties
of DNA molecules, the circular dichroic spectroscopy combined with native polyacrylamide
gel electrophoresis (PAGE) is a very suitable tool [2]. Nowadays, great attention has also been
paid to the electrochemical study of DNA fragments and it was found that electrochemical
methods can also help in studying the primary and secondary structure of DNA fragments [5].
The aim of our contribution is the electrochemical study of DNA fragments with different
sequences in the molecule center (AAA, CCC, GAA, GGG and TTT). The different structural
arrangement of DNA heptamers studied, revealed by circular dichroic spectroscopy and

121




XIV. Pracovni setkani fyzikalnich chemik( a elektrochemiki Brno 2014

absorption spectroscopy and verified by PAGE, was investigated by cyclic voltammetry in the
dependence of the time of adsorption on the negatively charged electrode surface, and the
ability of the different structural arrangement reflection was monitored.

2. MATERIAL AND METHODS

All electrochemical experiments were performed using the electrochemical analyzer
pAUTOLAB TYPE III (Metrohm, Switzerland), connected with VA Stand 663 and
controlled by GPES Manager software. The samples of DNA heptamers (Integrated DNA
Technologies, Inc., USA) were dosed into the electrochemical cell, consisting of three
electrodes: a hanging mercury drop electrode (HMDE) with an effective area of 0.3 mm? or a
pencil graphite electrode (PeGE) with an effective area of 15.9 mm? as the working
electrodes, and Ag/AgCIl/3M KCI and Pt wire as the reference and auxiliary electrodes,
respectively. The experimental conditions for the reduction on the mercury electrode were as
follows: Cona heptamers = 2-10° mol-L™ potential range: from 0 to -1.7 V, scan rate: 200, 400
and 800 mV/s, accumulation time t, =0 — 300 s, t = 25 °C, phosphate—acetate buffer (pH 5.8).
For oxidation on PeGE the following parameters were set: Cona heptamers = 1:10° mol-L™
potential range: from -0.15 to 1.6 V, scan rate: 200, 400 and 800 mV/s, accumulation time t, =
0-300s, t=25 °C, phosphate—acetate buffer (pH 5.8).

The voltammetric curves obtained were smoothed by using the Savitzky—Golay filter, level 2,
and the elimination voltammetric procedure EVP E4 was used and the elimination function
E4 according to the equation f(I) = 17.4851 — 11.6571,,, — 5.85841, was calculated.

3. RESULTS AND DISCUSSION

At the beginning of our research we supposed that all DNA heptamers studied adopted the
hairpin structure. However, later it was found, based on PAGE results, that only DNA
heptamers with GAA and AAA sequence in the molecule center adopt the hairpin structure. In
the case of DNA heptamers with CCC and TTT sequence in the molecule center the duplex
structure was observed; in the case of DNA heptamer with GGG sequence in the molecule
center, we observed supramolecular G—quadruplex structure formation. And there was a very
important question for us: Is electrochemistry able to reflect these DNA heptamer structures
on the negatively charged electrode surface? Based on the electrochemical results, it was
found that the negatively charged surface of the mercury electrode is able to reflect the
structural changes of DNA heptamers studied. As follows from Figure 1A presenting the
dependence of peak current I, on the time of adsorption, the DNA heptamers with GAA and
AAA sequence in the molecule center (hairpin structures) provided the characteristic
isothermal dependence, but in the case of DNA heptamers with CCC (duplex) and GGG
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(tetramolecular G—quadruplex) sequence in the molecule center, a different behavior was

observed.
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Figure 1: (A)The dependence of peak height I, (asterisks) and Iy, (balls) of GI and GlI oxidation signals on the
time of adsorption for DNA heptamers with GAA (red), CCC (blue) and GGG (violet) sequence in the molecule
center. The Gl and Gl oxidation signals are presented on the Figure 1B.

Compared to the mercury electrode, no effect of the adsorption time was observed on the
PeGE electrode.

4. CONCLUSION

It was found that the negative surface of the mercury electrode is able to reflect structural
differences of DNA heptamers as the effect of adsorption time, but in the case of PeGE we
were unable to detect any structural changes.
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Abstract
Aromatase (CYP19) activates ellipticine to form covalent DNA adducts identical to those
formed in breast adenocarcinoma MCF-7 cells. The formation of CYP19-mediated-

ellipticine-DNA adducts is modulated by cytochrome bs.

1. INTRODUCTION

Ellipticine is an efficient anticancer compound that functions through multiple mechanisms
(for a summary see [1-6]). The predominant mechanisms of ellipticine’s biological effects is
its efficacy to cause DNA damage. Among them, the formation of covalent DNA adducts after
its enzymatic activation with cytochromes P450 (CYPs) and peroxidases seems to be most
important [1-4,6]. Ellipticine oxidation to 12-hydroxy- and 13-hydroxyellipticine dissociating
to ellipticine-12-ylium and ellipticine-13-ylium lead to formation of two major covalent DNA
adducts determined by the *?P-postlabeling method (see Fig. 1) [3,4,6]. The same adducts are
also formed, in rats and mice, in several cancer cell lines and in DNA of mammary
adenocarcinoma of rats treated with this drug [3,4,6] (Fig. 1).

Aromatase (CYP19) is the CYP enzyme catalyzing the conversion of the androgenic
substrates androstenedione, testosterone and 16-hydroxytestosterone with high specificity, and
converts them to their respective oestrogens: oestrone, oestradiol and oestriol [7]. As in
adipose tissue, stromal cells of disease-free breast express low levels of aromatase. However,
malignant breast cancers produce large amounts of oestrogens due to high levels of aromatase
[8]. Aromatase has been clearly localised to both the malignant epithelial cells and
surrounding fibroblasts in breast tumour tissues. Independently of the source, oestrogen
production in malignant epithelial cells contributes significantly to tumour growth in the
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breast. The clinical relevance of these findings is exemplified by the successful use of
aromatase inhibitors to treat breast cancer [9]. CYP19 is also highly expressed in human
breast adenocarcinoma MCF-7 cells, which we found to be sensitive to ellipticine [3,4,6,10].
Here, we investigated the efficiency of human CYP19 to activate this drug to species forming

covalent DNA adducts that are responsible for its cytotoxicity to MCF-7 cells.

MCF-7 MCF-7 (Elli) CYP19 invivo 13-OH-ellipticine  12-OH-ellipticine
-y D E F
B s ¢ S - 7
—26 «—5 ® —2
«—2 ‘ 2 €2
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Figure 1.: Autoradiographic profiles of ellipticine-derived DNA adducts analyzed with the 3?P-postlabeling
assay. Adduct profiles obtained from DNA of from MCF-7 cells (A), from MCF-7 (Elli) cells, the cells pre-
treated with 0.1 uM ellipticine for 72 h (B), exposed to 5 uM ellipticine for 24 h, from DNA incubated in vitro
with CYP19 (C), from liver of rats treated with 40 mg ellipticine/kg body weight (D), from calf thymus DNA
reacted with 13-hydroxyellipticine (E) and 12-hydroxyelipticine (F). Analyses were performed by the nuclease
P1 version of the *?P-postlabeling assay. Adduct spots 1-7 correspond to the ellipticine-derived DNA adducts.
Besides adduct 2 formed by 12-hydroxyellipticine, another strong adduct (spot X in panel F), which was not
found in any other activation systems or in vivo was generated.

2. MATERIAL AND METHODS

MCF-7 cells were cultivated as described previously [10]. DNA was incubated with
ellipticine, CYP19, NADPH and with or without cytochrome bs as shown in [4,6]. The

formation of ellipticine-derived DNA adduct was measured with *2P-postlabeling [1-4,6].

3. RESULTS AND DISCUSSION
Two major ellipticine-DNA adducts (spots 1 and 2 in Fig. 1), generated by 13-hydroxy- and
12-hydroxyellipticine, are formed in breast adenocarcinoma MCF-7 cells exposed to
ellipticine. Moreover, two additional minor adducts (adducts spots 6 and 7 in Fig. 1), the
structure of them is not known, are formed in MCF-7 cells. In these cells, their pre-treatment
with 0.1 uM ellipticine for 72 h resulted in an increase in formation of ellipticine-derived
DNA adducts exposed thereafter to 2.5 and 5 uM ellipticine for 24 h. In addition, the 1Cs
values for ellipticine in MCF-7 cells indicate that their pre-treatment with 0.1 uM ellipticine
led to an increase in toxicity of ellipticine to these cells. The ICs, value of ellipticine for the
control (untreated) and the pre-treated cells are 1.25 and 0.7 uM, respectively (Table 1).
CYP19 activates ellipticine to form two major ellipticine-DNA adducts, identical to
those derived from 13-hydroxy- or 12-hydroxyellipticine to levels similar to those formed by
CYP1A1 and 3A4 (Fig. 2) [1-4,6].
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Table 1. DNA adduct formation by ellipticine and cytotoxicity of this agent in human MCF-7

cells
MCF-7
+ 2.5 uM ellipticine 2.12+0.21 1.38+0.14 0.38 £0.04 0.23 £0.02 4.11+£0.41
1.25+0.13
+5 uM ellipticine 345+0.35 1.59+0.16 0.56+0.06. 0.45+0.05 6.05+0.61
MCF -7 (Elli)
+2.5 uM ellipticine 2954030 1.43+0.14  043+0.04  023+0.02  5.04+0.50"
1 0.70£0.07
+5 uM ellipticine 6.37+0.64 255+026 0.76+0.08 0.64+0.06 10.30+1.10

MCEF-7 cells and MCF-7 (Elli), the cells pre-treated with 0.1 uM ellipticine for 72 h, were
exposed to 2.5 or 5 uM ellipticine for 24 h. DNA adducts were analyzed by **P-postlabeling.
®RAL, relative adduct labeling; averages and S.D. of three experiments. ICso values were
calculated from the linear regression of the dose-log response curves. Values are mean + S.D.
of 3 experiments. Comparison was performed by t-test analysis; **P < 0.01, ***P < 0.001,
different from cells that were not pre-treated with ellipticine.
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Figure 2.: Ellipticine-DNA adducts formed by CYP19-mediated ellipticine activation in the absence and
presence of cytochrome bs.

The formation of these adducts is dependent on concentrations of ellipticine and CYP19.
Cytochrome bs modulates CYP19-mediated activation of ellipticine, increasing its activation
to reactive species forming DNA adducts.

4. CONCLUSION
The ¥*P-postlabeling method is a suitable tool to determine the CYP19-mediated ellipticine-
DNA adducts formed in breast adenocarcinoma MCF-7 cells.
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Abstract

NMR shifts of a series of N-phenyl-N’-alkyl-p-phenylenediamines in DMSO have been
measured as well as evaluated by quantum-chemical calculations. Very good correlation of
NMR shifts of hydrogen atoms bonded to amine nitrogens with the antioxidant activity of the

studied compounds can be concluded.

1. INTRODUCTION

Aromatic secondary amines, particularly N-phenyl-N’-alkyl-p-phenylenediamines (PPD)
represent the most important group of antioxidants used in rubber industry. The antioxidant
effectiveness of a series of p-phenylenediamines in polyisoprene rubber has been studied by
non-isothermal DSC measurements [1,2] and their molar antioxidant effectiveness (AEM) has
been determined (Table 1).

Table 1. Studied antioxidants notation and their Molar Antioxidant Effectiveness (AEM)

[1,2].

Acronym Compound name AEM/kg.mol™
DPPD N,N’-diphenyl-p-phenylenediamine 738
SPPD  N-phenyl-N’-(1‘-methylbenzyl)-p-phenylenediamine 351
6PPD  N-phenyl-N*-(1,3-dimethyl-butyl)-p-phenylenediamine 277
IPPD  N-phenyl-N"-isopropyl-p-phenylenediamine 177
CPPD  N-(1-methyl-1-phenylethyl)-N¢-phenyl-p-phenylenediamine 0

It is supposed that the antioxidant effectiveness depends on the bond strength of hydrogens to
amine nitrogens between aromatic rings (N1) and at the side aliphatic chain (N2) as well as at
its neighboring tertiary carbon. The aim of our study is to correlate the AEM values of the
above PPD antioxidants with NMR data obtained experimentally as well as by Density
Functional Theory (DFT) calculations.
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2. MATERIAL AND METHODS

NMR analysis

All NMR spectra were measured on an Agilent 600 MHz VNMRS spectrometer equipped
with an inverse “triple resonance” probe. Physically available samples of DPPD, SPPD, 6PPD
and IPPD were readily soluble in ds-DMSO. Series of standard homonuclear and
heteronuclear 2D NMR spectra were measured (including COSY, HSQC, HMBC and
15N-HSQC) from each of the mentioned samples in order to obtain the complete assignment
of signals. The chemical shift scale was calculated using tetramethylsilane (TMS) as an
internal standard and correctly referenced using the ?H signal of the deuterated solvent.
Calculations

Standard B3LYP/6-311G* geometry optimizations of DPPD, SPPD, CPPD, 6PPD and IPPD
neutral molecules in DMSO solutions in the singlet spin states have been performed using
Gaussian03 program package [6]. Solvent effects have been accounted within Integral
Equation Formalism Polarizable Continuum Model (IEFPCM) [7]. The stability of the
resulting structures has been confirmed by vibrational analysis (no imaginary vibrations).
Absolute shieldings of individual atoms have been calculated by the Gauge-Independent
Atomic Orbital (GIAO) method [6] at B3LYP/6-311++G** level of theory. NMR shifts

relative to TMS were evaluated according to [4,5].

3. RESULTS AND DISCUSSION

The measured and calculated NMR shifts 6 of hydrogen atoms bonded to N1 and N2 atoms
are presented in Table 2. Our results indicate that they very well correlate with the PPD

antioxidant activity evaluated as AEM values. The parameters of linear equation

AEM = A + B §(X) 1)

where 6(X) are chemical shifts of hydrogens bonded to N1 or N2 atoms are presented in Table
2. As DPPD does not contain the N2 atom, Hy: NMR shifts have been assigned to the Hyz
ones as well. As expected, the influence of the side aliphatic chain variations on NMR shifts
of Hy, atoms is significantly higher than on the Hy; ones due to shielding by the aromatic
ring. The correlation of the antioxidant activity with NMR shifts of other atoms in the

compounds under study is significantly worse.
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Table 2. Experimental and calculated NMR shifts 6(X) (in ppm) of atoms X in the systems
under study (see Tab. 1) and the parameters of AEM=f(d(X)) linear function (1).

Experimental Calculated
3(*Hn2) 3(*Hn1) 3(*Hn2) 3(*Hn1)
DPPD 7,880 7,880 6,309 6,309
SPPD 5,891 7,437 4,888 5,938
6PPD 4,939 7,458 4,472 5,939
IPPD 5,020 7,446 3,643 5,998
A /kg.mol™ -660 + 160 -7800+ 1900 -670+ 150 -7100+ 2600
B/kg.mol™ 176+ 26 1080+ 250 220+ 30 1250+ 420
Correlation 0,937 0,860 0.945 0,721
coefficient

4. CONCLUSION

We have shown that NMR shifts of hydrogen atoms bonded to amine nitrogens in PPD
antioxidants might be used for predicting their antioxidant activity. NMR shifts can be fairly
well evaluated by DFT calculations and so our results can be used the target synthesis of new,
more effective antioxidants. Further theoretical and experimental studies in this field are

desirable.
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Abstract
Theoretical DFT calculations of model aromatics possessing two OH groups reveal their

thermodynamic behavior by double H atom abstractions in gas-phase, benzene and water.

1. INTRODUCTION

Phenolic compounds represent important group of natural/synthetic free radical scavengers
[1,2]. They can act via three different mechanism; (i) H atom transfer, governed by O—H Bond
Dissociation Enthalpy (BDE), (ii) electron transfer followed by proton transfer — described by
lonization Potential (IP) and Proton Dissociation Enthalpy (PDE), (iii) sequential proton loss
— electron transfer characterized by Proton Affinity (PA) and Electron Transfer Enthalpy
(ETE) [3,4]. Their antioxidant potential is determined by the molecular structure; compounds
with two OH groups should be more potent scavengers than phenol. Therefore, we decided to
calculate reaction enthalpies for homolytic and heterolytic hydrogen atom abstractions from

the two OH groups in simple models of polyphenols (Fig. 1).

2. COMPUTATIONAL DETAILS

All calculations were performed in Gaussian 09 program package [5] using B3LYP/6-
311++G** approach. For all studied particles, solvent contribution to their enthalpies was
estimated with integral equation formalism polarizable continuum model (IEF-PCM). Further

details and solvation enthalpies of proton and electron can be found in [6,7].

3. RESULTS AND DISCUSSION
Reaction enthalpies of first OH group splitting-off (BDE1, IP1, PDE1, PAl, ETE1) for the

studied phenolics (Fig. 1a) are relatively well explored theoretically, as well as
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experimentally (BDEs) [1,3,4]. Therefore, chosen computational DFT approach should be
considered appropriate.

Consecutive second OH group splitting-off provides the second set of reaction enthalpies
(BDEZ2, IP2, PDE2, PA2, ETE2). Except proton affinities, PA2 values, reaction enthalpies of
second H (homolytic or two-step heterolytic) abstraction are higher than those for the first OH

group.
a)
OH OH OH
OH
OH
OH
(n (1 (1
b)
OH O
OH ©

Figure 1.: a) Structures of studied molecules: hydroquinone (1), resorcinol (1) and catechol (I11); b) scheme of

studied process from parent molecule (hydroquinone) to corresponding quinone structure (para-quinone).

In the case of hydroquinone (I in Fig. 1a), BDE2s are higher by 37 % in gas-phase to 46 % in
water. The largest enthalpy rises are found for ETE2s, up to 119 % in gas-phase.

Proton loss from phenoxyl radical is energetically more favorable than from the parent
molecule. PA2 values reached 93 % (gas-phase), 79 % (benzene) and 66 % (water) of PA1s.
Two OH groups in each studied molecule allow scavenging of two free radicals. The reaction
enthalpies of two H atom abstractions should be interpreted from the macroscopic point of
view as the average of the two steps. Table 1 present these average values for the BDE, IP and

PA values.

Generated biradical structure after double H atom abstractions, is stabilized through the
formation of its quinone structure (hydroquinone and catechol). This rearrangement is
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exothermic, for hydrochinone this enthalpy is ca —200 kJ mol™ in all environments. If this
value is added to the BDEZ2, the drop in average BDE will be evident (Tab. 1)

Table 1: Average values of reaction enthalpies for the three studied mechanism of double H

atom abstraction in hydroquinone in kJ mol ™. Data in parenthesis incorporate para-quinone

formalism.
Gas-phase Benzene Water
BDEave 386 (172) 394 (180) 386 (175)
IPave 809 694 516
PAAvE 1403 397 179

4. CONCLUSION

Reaction enthalpies for three possible mechanisms in gas-phase, benzene and water were
calculated for simple phenolics bearing two hydroxyl groups. Novel data for H atom
abstraction from phenoxyl radical are presented. Solvent has strong influence on individual
enthalpies, especially in the case of charged species. If the molecule is able to form quinone
structure after double H atom abstraction, further stabilization and decrease in respective

reaction enthalpy occurs.
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Abstract
Dihydroxybenzenes represent model phenolics for the study of H atom transfer from their
phenoxide anions. This process was quantified by theoretical DFT approach in terms of
reaction enthalpies in gas-phase, benzene and water.
1. INTRODUCTION

Phenolic antioxidants, both natural and synthetic, play important role in our live, mainly as
health protective agents or industrially used substances preventing oxidation of various
materials [1-3]. Dihydroxybenzenes, such a hydroquinone, resorcinol and catechol (Fig. 1),
can be considered as models of phenolics or they can also represent functional moieties of
naturally occurring antioxidants. They react by dissociation of phenolic O—H group, which
can take place via different pathways — homolytic or heterolytic. After homolytic H atom
transfer, phenoxyl radical is formed and its reaction enthalpy is known as O-H Bond
Dissociation Enthalpy (BDE).

Hydroxy group can also be broken in heterolytic way — releasing proton and generating
phenoxide anion. Corresponding reaction enthalpy is Proton Affinity, PA. Consecutive
electron transfer from this anion leads again to the phenoxyl radical. This process is governed
by Electron Transfer Enthalpy, ETE. Phenols are considered to be weak acids, therefore
phenoxide anions can be expected in the reaction system, too. Concentration of anions is
strongly dependent on the environment.

OH OH OH
OH

OH
OH 0 ) ()

Figure 1.: Structures of studied molecules: hydroquinone (l), resorcinol (I1) and catechol (I11).
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Indeed, if formed phenoxide anion contains another OH group (dihydroxybenzenes), its
homolytic dissociation is possible. To distinguish this reaction enthalpy from BDE, we
denoted it as BDE,. This pathway may be important in free radical scavenging. Because
experimental works indicate that phenoxide anions can abstract H atoms more easily than
neutral parent molecules [4-6], the goal of this work is to calculate BDE, values for

dihydroxybenzenes in the gas-phase, benzene and water.
2. COMPUTATIONAL DETAILS

All calculations were performed in Gaussian 09 program package [5] using B3LYP/6-
311++G** approach. For all studied particles, solvent contribution to their enthalpies was
estimated with integral equation formalism polarizable continuum model (IEF-PCM). Further
details and solvation enthalpies of proton and electron can be found in [6,7].

3. RESULTS AND DISCUSSION

Studied reaction enthalpies, BDE,, PA, ETE and BDE, are listed in Table 1. Corresponding
reaction scheme can be found in Fig. 2. Data in Table 1 show that BDE, values are lower
than BDEs for all three studied systems regardless on the environment (gas-phase, benzene,

water).

PA ETE
OH o
@ -H.
BDE [ / j
HO

Figure 2.: Scheme of possible dissociations of two O—H groups in dihydroxybenzenes.

Here, we should note that the formation of anion is energetically demanding especially in the
hypothetical gas-phase (PAs are higher than a thousand of kJ mol™). On the other hand, in
polar solvent (water) releasing of proton is more favorable than H atom transfer from the
neutral molecule, i.e. all PA(water) values are lower than corresponding BDEs. The presence

of anionic forms in the system is thus plausible.
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Table 1: Reaction enthalpies for dihydroxybenzenes in kJ mol ™.

hydroquinone resorcinol catechol
gas-phase 219 299 301
BDE, Dbenzene 234 309 302
water 241 304 284
gas-phase 1456 1442 1410
PA benzene 444 429 403
water 216 204 185
gas-phase 326 345 310
BDE benzene 329 350 317
water 315 338 309
gas-phase 191 226 221
ETE benzene 299 335 328
water 298 333 323

The inspection of Table 1 also reveals that in the gas-phase phenoxide anions prefer to release
electron to create the phenoxyl radical than to abstract the hydrogen atom from the second OH
group to form the radical anion. However, in the solution phase, even in non-polar benzene, it
is vice versa, all BDEq(solv) values are lower in comparison to respective ETES.

4. CONCLUSION

Theoretical calculations suggest that from the thermodynamic point of view
dihydroxybenzenes release H atom more easily from their anionic form than from the neutral
molecule regardless on the studied environment.
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Abstract
The diffusion cell technique processes of chosen ionic compounds (basic organic dyes —
Rhodamine 6G) was studied in supported hydrogel matrix for the study on reactivity of humic
acids (standard samples of humic acids — International Humic Substances Society —
Leonardite). The reactivity of humic acids was studied by interactions with basic organic dyes
by the simple diffusion techniques realized in the diffusion cell. The rate of interactions of
humic acids with chosen organic dye was compared by fundamental diffusion parameters
such as the lag time (time needed for penetration of organic dye through hydrogel sample),
the sorption capacity of humic acids and the effective diffusion coefficients. The reactivity of
humic acids especially sorption capacity is strongly dependent on the amount of carboxylic
groups. The influence of carboxylic groups was modified by methylation. Carboxylic groups
became occupied by methyl groups during methylation, so the sorption capacity and the total
reactivity of these humic acids should be lower.

1. INTRODUCTION

Humic acids (HA), form the key constituent of natural organic matter in numerous natural
environments (soil, sediments). HA are one of the most important part of soil organic matter
and they are responsible for crucial ecological effects such as self-detoxification of soils,
transport of water and nutrients etc. The interesting nature of HA stands behind the positive
affinity to pollutants such as heavy metal ions. HA are able to form the stable complexes with
heavy metal ions and because of this fact; they are able to immobilize these pollutants. The
function of HA in their natural environment is known very well, but the objective reactive-
mapping tool at laboratory conditions is still missing.

The reactivity of HA is mostly studied by classical sorption experiments. Valuable parameters
such as binding capacity and partition coefficients can be determined by these types of

experiments. Klucakova et al. (1) realized the classical sorption experiments on HA isolated
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from lignite. But these experiments have a few insufficiencies. The reactivity or binding
capacity is studied in powder form, but HA can be found in their natural environment mostly
in colloidal or hydrogel form. This paper brings the new view on the study on reactivity of
HA. The reactivity is studied by simple diffusion techniques in supported hydrogel matrix.
The diffusion cell technique is based on the penetration of basic cationic organic dyes
(Rhodamine 6G) through the hydrogel matrix with incorporated HA. The interactions
between anionic HA and cationic organic dye are expected. The rate of interactions depends
on the nature of HA (content of acidic groups) and modification.

The main aim of this paper is study on reactivity of standard HA samples (IHSS). The impact
of methylation (the most important functional groups are occupied by the methylene) is
studied as well.

2. MATERIAL AND METHODS

Modification (methylation) of HA

The main objective of presented paper is the study on the impact of methylation on the
reacitivty of standard samples of HA. Humic acids were isolated from Leonardite by alkali
extraction according IHSS procedure. Standard samples of HA were modified by methylation.
Preparation of methylated HAs was following: 1 g of HA was mixed with 4 cm® of
chloroform, 2 cm® methanol and 4 cm® of trimethylsilyl diazomethane. The reaction was
carried by 2 hours on vortex. Obtained product was dried at 40 °C for 2 hours under nitrogen
atmosphere.

Preparation of IPN hydrogel

The diffusion experiments mentioned in this paper were realized in supported hydrogel matrix
based on agarose (purchased from Sigma-Aldrich, routine class use, moisture content < 10 wt.
%). The preparation of interpenetrating polymer network (IPN) from HA in a supporting
hydrogel-forming polymer based on agarose was prepared via thermoreversible processes.
The network of agarose chains is interpenetrated by molecules of HA at higher temperature —
both compounds were dissolved at 85 °C and the mixture was then filled up in pre-heated
mold. Accurately weighted amount of agarose powder was dissolved in deionized water
(preparation of pure agarose hydrogels) or in aqueous solutions of HA of the corresponding
concentration (preparation of agarose/HA hydrogels). The mixture was slowly heated and
stirred continuously to 85 °C. The solution of agarose with/without HA was poured into the

pre-heated PTFE mold and the glass slides (also pre-heated) were placed on the opposite sides
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of mold. The mixture of agarose with HA gradually solidified into the cylindrical hydrogel
plate sample (40 mm in diameter and 5 mm thick).
Infrared spectroscopy of HA
The effect of methylation was studied by infrared spectroscopy with Fourrier transformation
(Nicolet iS 50 with ATR). The infrared spectra for powder humic acids and powder modified
humic acids were collected in tablet from potassium bromide.
Preparation of diffusion experiments
Presented diffusion techniques are based on the assumption that HAs are homogenously
distributed in the hydrogel matrix (non-reactive linear polysaccharide agarose hydrogel is
used). The hydrogel in PTFE mold was placed between two chambers of diffusion cell. One
chamber of diffusion cell was filled by 0.01 g-dm > Rhodamine 6G and the second chamber
was filled by deionized water. Both chambers of diffusion cell were filled by 60 cm?® of
solutions simultaneously. Rhodamine 6G was purchased from Sigma-Aldrich (dye content >
95 wt. %) and were used without further purification. The change of concentration of
diffusion probe is determined by ultraviolet-visible fiber spectrometer USB 2000+ (Ocean
Optics, Inc.) in the receiving part of diffusion cell as the time function. The ultraviolet-visible
spectra were collected continuously in given time intervals. After the termination of the
diffusion experiments, the absorbance in source part of diffusion cell was measured. The
water-jacketed side-by-side diffusion cell purchased from Permegear Inc.
Determination of the fundamental diffusion parameters
The reactivity of humic studied by simple laboratory diffusion techniques was compared by
fundamental diffusion parameters (steady-state diffusion flux, effective diffusion coefficients
and the lag time). The values of steady-state diffusion flux and the lag time were determined
from linear region of the break through curve according equation 1.

In % = 8Dt (1)
3. RESULTS AND DISCUSSION
Infrared spectroscopy of HA
From infrared spectra was obvious the effect of methylation. Carboxylic groups were
occupied by methylene groups. The slower rate of interaction for methylated IHSS humic
acids was expected; because the positive affinity to cationic compounds (the immobilization
of cationic pollutants) according literature is given mainly by carboxylic acidity.

Diffusion experiments
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Our previous publications (2,3) clearly illustrate the effect of interactions between HAs
isolated from lignite according IHSS procedure and Methylene Blue on the transport of this
ionic dye in model aqueous environments provided by agarose hydrogel. The data presented
in this paper continues with the same experimental approach.

It is obvious that the small increase of concentration of HAs in 1 wt. % agarose hydrogel
slows down the rate of diffusion processes. Figure 2 summarized the effective diffusion
coefficients for IHSS HA (Leonardite) samples in comparison with methylated IHSS HA for
Rhodamine 6G. The diffusion processes of chosen organic dye is faster in agarose hydrogels
with modified HA (effective diffusion coefficients have higher values), because of
methylation. Carboxylic groups are mainly responsible for sorption of heavy metal ions or
simple organic dyes but carboxylic groups in modified samples of HA are occupied by methyl
groups and because of this fact the binding capacity is lower in comparison with standard
sample of IHSS HA (Leonardite).

Increasing content of HA in the hydrogel samples led to a considerable increase in absorbed
amount of chosen dye in the hydrogel and to the decrease in steady-state diffusion flux. The
total content of HA (also modified) significantly affected also the value of lag time (see
Figure 2) which indicates extensive physic-chemical interactions between diffusing organic
dyes and HAs contained in the hydrogel. When the binding capacity is depleted all of binding
sites are occupied by molecules of diffusion probe. Lag time is indirectly connected with
ability of samples to retain active compounds. The influence of concentration of HAs and the

impact of modification is proofed by different rate of interactions of HAs with Rhodamine
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Figure 1.: Effective diffusion coefficients for agarose hydrogels with different content of
humic acids (left) and the lag time of chosen diffusion probe needed for penetration through

the hydrogel for the same samples (right).
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4. CONCLUSION

Diffusion cell techniques presented in this paper represent an interesting alternative approach
for the traditional reactivity mapping studies in the systems containing humic substances and
similar reactive compounds. The presented experiments provided comprehensive illustration
of the influence of interaction between anionic HA and cationic active compounds (organic
dyes) on barrier properties of HAs and represent valuable approach in order to better

understanding the behavior of humic substances in their natural environments.
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Abstract
Specific electrochemical, spectroscopic and magnetic properties of Ln(lll) ions make them
perfect candidates for use in many chemical, biological and environmental systems. H,DO2A
and H3;DO3A are hexa- and heptadentate ligands forming very stable complexes with
europium(lIl) ion, where three, resp. two coordination places are occupied by water
molecules. These complexes form ternary complexes with small mono- and bidentate ligands
(e.g. fluoride, acetate, phosphate, oxalate, carbonate etc.). Different stability of these ternary
complex systems can be used as a sensor for selective determination of different anions. Dual
electrochemical-luminescent sensor based on [Eu(DO3A)(L)] and [Eu(DO2A)(L)] (L =
picolinate, dipicolinate, isoquinoline-3-carboxylate) ternary complexes was developed for
simple and rapid determination of carbonate and other relevant anions in potential biological

samples and complicated matrixes under aerobic conditions.

1. INTRODUCTION

Ln(II1) complexes with macrocyclic ligands (mainly DOTA derivatives) are commonly used
as radiopharmaceuticals (*°Y, ***sm, **Ho, "’Lu) or MRI contrast agents (Gd) in medicine or
as luminescent probes (Eu, Tb in VIS and Yb, Nd in NIR regions). The 1,4,7,10-
tetraazacyclododecane-1,7-diacetic acid (H,DO2A) and 1,4,7,10-tetraazacyclododecane-
1,4,7-triacetic acid (H3DO3A) are hexa- and heptadentate macrocyclic ligands that yield very
stable complexes with europium(lll) ion. Both complexes also form ternary lanthanide(l1l)-
containing species with both mono- and bidentate ligands. The binary complexes of the
Ln(I11)-H,DO2A and Ln(l11)-H3;DO3A may be employed for determination of anions known
to form the ternary complexes [1]. In this contribution, we demonstrate selective anionic

sensors suitable for carbonate anion determination based on the [Ln(H,0),(DO2A)] and
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[Ln(H,0),(DO3A)] complexes. The results shown here suggest a potential utility of this

sensor for a construction of sensor arrays.

Figure 1.: Scheme of [Eu(DO3A)(picolinate)] ternary complex.

2. MATERIAL AND METHODS

Cyclic voltammetry measurements were performed on Metrohm 910 PSTAT mini
(Switzerland) using Screen Printed Electrodes (SPEs). Luminescent data were recorded on

luminescence spectrometer Aminco-Bowman Series 2 (Thermo-Spectronic, USA).

3. RESULTS AND DISCUSSION

We have focused on study of formation of ternary species with bidentate ligands (picolinate,
dipicolinate, isoquinoline-3-carboxylate) having potential analytical application. The
thermodynamic study of formation of ternary Eu(lll) species was followed by cyclic
voltammetry and luminescence spectroscopy. As it can be seen on example of
[Eu(DO3A)(picolinate)]” (Figure 1), the formation of ternary Eu(lll) complex is accompanied
by increase of fluorescence intensity and also by significant change of electrochemical signal
(Figure 2). Adding hydrogencarbonate in solution, the new, more stable, ternary
[Eu(DO3A)(Carb)]* complex is formed.
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Figure 2.: Formation of [Eu(DO3A)(picolinate)]” ternary complex followed by a) cyclic

voltammetry, b) luminescence spectroscopy.

4. CONCLUSION

The bound water molecules in the [Eu(H2,0)2(DO3A)] complex undergoes substitution
with various anions to form stable ternary adducts. The stability constants values of the
ternary Eu(l11)-HsDO3A-ligand complexes with bidentate ligands follow the order CO5* >
oxalate?” > picolinate” > phthalate’ ~ citrate®". The proposed analytical procedure using the
ternary complexes [Eu(DO3A)(L)] (L = picolinate, dipicolinate, isoquinoline-3-carboxylate)
can be used for a fast, selective and sensitive determination of carbonate/bicarbonate in the

milimolar concentration range in biological and water samples.
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Abstract
Formation of covalent ellipticine-DNA adducts after the ellipticine enzymatic activation is
one of the most important mechanisms of pharmacological action of this anticancer drug.
Here we investigated whether ellipticine might be released from its micellar (encapsulated)
form to be able to form the covalent DNA adducts as free ellipticine. Here, we compared the
efficiencies of free ellipticine and its micellar form [the poly(ethylene oxide)-block-poly(allyl
glycidyl ether) (PAGE-PEO) block copolymer, P 119 nanoparticles] to form ellipticine-DNA
adducts in rats in vivo. The results demonstrate that treatment of rats with free ellipticine or
this anticancer agent in micelles resulted in formation of ellipticine-derived DNA adducts in
vivo and suggest that a gradual release of ellipticine from its micellar form might produce the
enhanced permeation and retention effect of this ellipticine-micellar delivery system
1. INTRODUCTION
Ellipticine (5,11-dimethyl-6H-pyrido[4,3-b]carbazole) and its derivatives are efficient
anticancer compounds that function through multiple mechanisms (for a summary see [1-6]).
The predominant mechanisms of ellipticine’s biological effects is its efficacy to cause DNA
damage. Among them, the formation of covalent DNA adducts after ellipticine enzymatic
activation with cytochromes P450 (CYP) and peroxidases seems to be most important [1-4,6].
Ellipticine oxidation to 12-hydroxy- and 13-hydroxyellipticine dissociating to ellipticine-12-
ylium and ellipticine-13-ylium lead to formation of two major covalent DNA adducts (Fig. 1)
[3,4,6]. The same adducts are also formed, in rats and mice, in several cancer cell lines treated

with this drug and in DNA of rat mammary adenocarcinoma in vivo [3,4,6] (Fig. 1). However,
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this antineoplastic agent exhibits also severe adverse toxic effects, including nephrotoxicity,
renal toxicity, hemolysis, xerostomia, hypertension, nausea and vomiting [5]. Hence, the
studies of our laboratory are targeted on development of efficient and reliable methods for
targeted delivery of ellipticine as well as on preparation of this drug in the forms that exhibit

lower side effects and leads to an increase in their anticancer effects.
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Figure 1.: Autoradiographic profiles of ellipticine-derived DNA adducts analyzed with the **P-postlabeling
assay. Adduct profiles obtained from calf thymus DNA reacted with ellipticine and CYP3A4 (A), from calf
thymus DNA reacted with 13-hydroxyellipticine (B), 12-hydroxyelipticine (C), ellipticine N*-oxide (D), from
DNA of breast adenocarcinoma MCF-7 cells (E), neuroblastoma UK-NB-4 cells (F) and glioblastoma U87MG
cells (G) treated with 10 [1M ellipticine, from DNA of breast adenocarcinoma of Wistar rats treated i.p. with 4
mg ellipticine per kilogram body weight (H), from liver DNA of C57BL/6 mice treated i.p. with 10 mg
ellipticine per kilogram body weight (1), from liver DNA of Wistar rats treated i.p. with 40 mg ellipticine per
kilogram body weight (J), from leukemia HL-60 (K) and CCRF-CEM cells (L) treated with 10 [IM ellipticine,
from calf thymus DNA reacted with ellipticine and bovine lactoperoxidase (LPO) (M), human myeloperoxidase
(MPO) (N), ovine cyclooxygenase (COX)-1 (O) and human COX-2 (P). Adduct spots 1-7 correspond to the
ellipticine-derived DNA adducts. Besides adduct 2 formed by 12-hydroxyellipticine, another strong adduct (spot
X in panel C), which was not found in any other activation systems or in vivo was generated.

Here, we utilized ellipticine encapsulated in micelles to study the biodistribution of
ellipticine in this micellar form to reach the tissues in which the formation of covalent
ellipticine-derived DNA adducts are generated. Since polymeric micelles improve solubility
and bioavailability of hydrophobic drugs [7], they were used for ellipticine as a hydrophobic
compound.

2. MATERIAL AND METHODS

The poly(ethylene oxide)-block-poly(allyl glycidyl ether) (PAGE-PEO) block copolymer (P
191 nanoparticles) [7] that were a gift of Dr. M. Hruby (Institute of Macromolecular
Chemistry AS CR, Prague, Czech Republic) were used to prepare a micellar form of
ellipticine, in which ellipticine is bound by hydrophobic interactions, and to investigate its
biodistribution among the tissues of Wistar rats that are suitable to mimic the fate of
ellipticine in humans [3,4,6]. The formation of ellipticine-derived DNA adducts mediated by
free ellipticine and its micellar form, measured with the **P-postlabeling method [1-4,6], were

employed to determine their biodistribution in rats in vivo.
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3. RESULTS AND DISCUSSION

In the present study, polymeric nanoparticles P 119 [7] containing hydrophobically bound
ellipticine (0.595 mg ellipticine per ml) under the concentration of polymer of 25.9 mg per ml
were prepared and used for further experiments. Utilizing the **P-postlabeling assay found
previously to be suitable to detect and quantify ellipticine-derived DNA adducts formed in
vitro and in vivo [1-4,6], their formation from free ellipticine and its micellar form (the P 119
nanoparticles) in rats in vivo was determined. Our results demonstrate that treatment of rats
with free ellipticine or this anticancer agent in micelles resulted in formation of ellipticine-
derived DNA adducts in liver, spleen, kidney, heart, lung and brain of rats treated with these
forms of ellipticine. Two major ellipticine-DNA adducts (see adducts 1 and 2 in Fig. 1) were
formed in most tested organs of rats treated either with free ellipticine or its micellar form.
The results of this study indicate that both free ellipticine and ellipticine present in micelles
are capable of transferring the biological membrane reaching the target tissues. The levels of
ellipticine-DNA adducts formed in rat tissues after their administration with micelles of
ellipticine was one order of magnitude lower in most organs than in those of rats with free
ellipticine, with an exception of brain. In brain, the levels of ellipticine-DNA adducts formed
by ellipticine in micelles were higher than in DNA of brain of rats treated with free ellipticine.
This finding emphasizes that a micellar form of ellipticine might be employed to treat the
brain tumors, treatment of which by cytostatics is usually limited because of strict selectivity
of the hematoencephalic barrier (the blood-brain barrier). The lower levels of ellipticine-DNA
adducts in other organs suggest a gradual release of ellipticine that might produce the
enhanced permeation and retention effect of the ellipticine-micellar delivery system.

4. CONCLUSION

The results suggest a suitability of a micellar form of ellipticine as the drug delivery system.
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Abstract
The globin-coupled oxygen sensor, YddV, is a heme-based oxygen sensor diguanylate
cyclase. Oxygen binding to the heme Fe(Il) complex in the N-terminal sensor domain of this
enzyme substantially enhances its diguanylate cyclase activity which is conducted in the C-
terminal functional domain. Leu65 is located on the heme distal side and is important for
keeping the stability of the heme Fe(Il)-O, complex by preventing the entry of the water
molecule to the heme Fe(ll) complex. Since Leu65 mutations are assumed to introduce the
water molecule into the heme distal side of the isolated heme-bound domain of YddV (YddV-
heme), it is suggested that the water molecule would significantly contribute to facilitating
heme oxygenase reactions for the Leu65 mutants. This study suggests that mutations at the
heme distal side could convert the characteristic properties of the heme-based oxygen sensor
into heme oxygenase-acting fashion, as revealed by mass spectrometry and UV-vis

spectroscopy.

1. INTRODUCTION

The heme-based gas sensor proteins (see [1] for a review) are composed of the N-terminal
heme-bound sensor domain and the C-terminal functional domain. Globin-coupled oxygen
sensors (GCS), such as YddV, AfGcHK and HemAT with the heme-bound globin fold, have

specific characteristics. These are different from other oxygen sensors with the heme-bound
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PAS fold (Ec DOS and FixL) and from those with the heme-bound GAF fold (DevS and
DevT) [1]. The molecular mechanism of YddV action and its function is still not fully
understood. Especially, the question regarding catalytic regulation by the O, binding to the
heme Fe(ll) complex remains to be answered. Moreover, the stability of the heme Fe(l1)-O,

complex that is important to elicit the oxygen sensor function is worthy to be studied.

2. MATERIAL AND METHODS

All YddV-heme proteins (WT, L65F, L65G, L65M, L65N, L65Q, L65T, Y43A, Y43F and
Y43W) were prepared by recombinant overexpression in E. coli cells as described
previously [2, 3]. Optical absorption spectral data were obtained using a HP 8453 UV-VIS
spectrophotometer (Agilent Technologies, CA, USA) at 20 °C under aerobic conditions as
previously described [2, 3]. UV-vis spectra of YddV-heme proteins (from 5 to 8 uM) were
recorded in 50 mM Tris-HCI buffer (pH 8.0) in order to examine the heme Fe(lll), Fe(ll)
(sodium dithionite reduced) and Fe(11)-CO (CO bubbled) species. A solution of 20 uM YddV-
heme protein was used for mass spectrometric analysis of the heme status. Half a microliter
was spotted on a MALDI plate and overlaid with 0.5 ul of a saturated solution of a-cyano-4-
hydroxycinnamic acid in methanol and water. Mass spectra were acquired on a MALDI-FT-
ICR mass spectrometer equipped with 9.4 T superconducting magnet (Apex-Qe Ultra, Bruker
Daltonics, Germany). Data were collected in positive ion mode over the mass range 350-1500
m/z at 1M data points, resulting in a maximum resolution of 200,000 at 400 m/z. The
instrument was externally calibrated using singly-charged arginine clusters, resulting in sub-
ppm accuracy. The spectra were processed and theoretical isotopic envelopes of heme and
verdoheme were modeled in DataAnalysis 4.0 (Bruker Daltonics).

3. RESULTS AND DISCUSSION

We aimed to shed more light on the key amino acids necessary for the O, binding to the heme
Fe(Il) complex of YddV-heme and describe the exact role of Leu65 in the process. In order to
study the YddV-heme properties dictated by the Leu65 mutations, we overexpressed and
purified the following mutants of YddV-heme, L65F, L65G, L65M, L65N, L65Q and L65T.
Overexpression and purification of L65G and L65N were extremely difficult because the
green-colored protein solution was obtained instead of the red-colored solution of a typical
heme protein (Figure 1A). The mass spectral analysis of L65G and L65N unequivocally
proved that the major species responsible for the green color of their solutions is verdoheme
(Figure 1B). Other modified heme complexes such as meso-hydroxyhemin, biliverdin, and
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bilirubin were also found, but their signals were very weak. Note that verdoheme is the first

stable product of the consecutive heme oxygenase reactions.
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Figure 1.: (A) The absorption spectrum of the green solution (solid line) of L65N of YddV-heme (5.0 uM) and
the CO added solution (broken line). CO addition substantially changed the spectrum of the purified L65N,
suggesting that the modified heme Fe(ll) complex exists in the solution without being reduced by sodium
dithionite. Sodium dithionite addition also changed the spectrum of the final solution (dotted line), suggesting
that the modified heme Fe(lll) complex is also mixed in the solution. (B) Detailed view of the mass range
covering heme and verdoheme region. Isotopic envelopes are shown a mixture of heme/verdoheme from mutant
L65N of YddV-heme.

4. CONCLUSION

We confirmed a key role of well conserved Leu65 in a heme-bound sensor domain of a
globin-coupled oxygen sensor, YddV. While in WT of the YddV protein, O, interaction with
the heme-Fe(Il) complex is important for the oxygen sensing process, mutation at Leu65
probably significantly changed the character of the YddV enzyme to simulate the heme
oxygenase reaction. The tendency to simulate the heme oxygenase activity varies among the
tested Leu65 mutants. The L65G and L65N were identified as the proteins showing the most
efficient simulation of the heme oxygenase activity.
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Purine-based compounds have already been used in numerous applications, inter alia as
agonists and antagonists of adenosine receptors, ligands of corticotropin-releasing hormone
receptors, and inhibitors of numerous proteins, including heat shock proteins (HSPs), protein
and lipid kinases, sulphotransferases and phosphodiesterases. Thus, systematic screening for
purine derivatives with desired activities is likely to be highly rewarding. Originally, we
focused on the primary action mechanisms of the plant hormones cytokinins (N°-substituted
adenine derivatives) in mammalian cell division cycles, and showed that natural cytokinins
are rather non-specific inhibitors of various protein kinases." Surprisingly, at that time, among
aromatic cytokinin derivatives we discovered a compound, 2-(2-hydroxyethylamino)-6-
benzylamino-9-methylpurine, named "olomoucine"”, which inhibits several cyclin-dependent
kinases (CDKs) at micromolar concentrations.® In subsequent studies the purine heterocycle
was one of the first systematically investigated scaffolds of kinase inhibitors (partly due to its
amenability to various substitutions), leading to discovery of roscovitine, olomoucine II,
purvalanol A,and LGR1406, which display an enhanced inhibitory activity toward CDK1, a
higher selectivity toward some CDKs, an increased antimitotic activity at the G1/S and G2/M
points of the cell cycle, and stronger and more selective antitumour effects..>® Roscovitine is
a pan-selective CDK inhibitor with multiple effects on cell proliferation, p53 expression and
p53-dependent transcription and/or induction of apoptosis in cancer cells. Consequently,
roscovitine was among the first CDK inhibitors to enter clinical trials. It was licensed to
Cyclacel Pharmaceuticals and is currently being evaluated in phase 2b clinical trials with Oral

Sapacitabine and Oral Seliciclib (see www. ClinicalTrials.gov).

Unfortunately, chemotherapeutic agents currently used for treating cancer probably

influence few of the abovementioned hallmarks besides their key therapeutic targets, although

151


http://www.clinicaltrials.gov/ct2/show/NCT00999401?term=Seliciclib&rank=2
http://www.clinicaltrials.gov/ct2/show/NCT00999401?term=Seliciclib&rank=2

XIV. Pracovni setkani fyzikdlnich chemiku a elektrochemikt Brno 2014

in many cases the effects on other cancer-related aberrations have never been tested (so they
could have additional unknown negative or positive effects). Thus, “hallmark” biological
activities should ideally be tested for each new lead substance to define as many of its
pertinent biological activities as possible. For example, very little is known about the effects
of known CDK inhibitors on other cancer hallmarks. However, we recently showed that the
CDK inhibitor roscovitine blocks angiogenesis in vitro and in vivo.> Furthermore, in detailed
investigation of its action mode our Munich colleagues identified a new function of CDKS5 in
endothelial cell migration and angiogenesis. Our further joint work suggests a new possible
application of CDK inhibitors, particularlyCDKS5 inhibitors, as antiangiogenic agents,
indicating that structure-activity analyses of purine analogues could greatly facilitate the
identification of potent new antiangiogenic compounds.*> Some newly discovered hallmark

activities will be described in this talks as well.

2 2 L g

A > EI xﬁ
Oy L 2 o

Fig. 1. Chemical structures of 6-benzylaminopurine (BAP), olomoucine, roscovitine,
olomoucine Il and purvalanol (from left to right).
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Abstract

Storing of living cells in liquid nitrogen (LN,) has been a standard for a long time.
Disadvantages are well known — LN, evaporates. There is another possibility to store living
cells using a freezer with temperatures of -80 °C. In this work, we focus on the study of
HEK293 cells stored in the low temperature freezer and evaluation of cell quality. Our
experiments involved 190 individual cells, 87 of them frozen for ten days. Then, cells were
thawed and their ability to establish a gigaseal in patch-clamp measurement was tested. Ten-
day freezing did not influenced quality of cells comparing to those stored in LN, but there
were small differences comparing to control group of cells.

1. INTRODUCTION

Freezing cells in liquid nitrogen (LN,) with DMSO is well known and commonly used
procedure for long time cell storing. Liquid nitrogen boils at —196 °C and is used as a
cryogenic fluid in life-sciences. It causes rapid freezing on contact with living tissue.
However, small laboratories with limited number of experiments suffer from difficulties to
access and manage LN,. Another possibility is based on an idea to freeze cells in a special
low temperature freezer with stable temperature about —80 °C. The main question is if 1)
higher temperature of deep freezers and/or ii) slower freezing, can negatively influence

quality of the stored cells.
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2. MATERIAL AND METHODS

HEK?293 cells were used in our experiment. These cells were isolated in 1970s by Graham
and van der Eb [1]. Since 1970s, the use of HEK293 cell lines really expand especially due to
their easy cultivation, rapid growth [2], no calcium and sodium channel expression [3] and
easy transfection [2]. HEK293 used in this experiment were transfected by Cay 3.1 membrane
current channel. This channel belongs to T-type (LVA) voltage gated calcium channel group.
Cay 3.1 channel is characterized by presence of o subunit with combination of other auxiliary
B, 02-6 and y subunits [4], fast activation [3] and relative fast recovery from inactivation. Cay
3.1 can be commonly found in cardiac tissue and neurons [4], [5], [6].

Cell quality was evaluated by standard patch clamp technique. This electrophysiology
technique was developed by Hamill et all [7] in 1980s. It allows the user to study membrane
potentials and channel currents. Patch clamp technique is well described in e.g. [7]. One of the
patch clamp key step is establish a gigaseal which can be made by extra suction on hollow
glass pipette filled with solution which is similar to the intracellular fluid. The pipette is in
well contact with measured cell before gigaseal. Cells were placed in bath solution during
measurement. The solution is similar to the extracellular solution [8].

Cells were cultivated in EMEM with 10% FBS and 1% P/S, L-Glutamine and G-418. All
patch clamp measurements used the same bath and pipette solutions to avoid artificial
variability. No membrane channel blockers were used. Patch clamp pipettes were prepared
from borosilicate glass with output resistance between 2.1 and 2.8 MQ. Experimental setup
consisted of Axopatch 200B, Digidata 1440 and PC with Clampex software.

As the main indicator for cells quality, ability of the cell to establish gigaseal was chosen.
Such indicator is strictly dichotomic but it is necessary for a lab using patch-clamp technique.
Non-frozen cells, cells frozen in LN, and cells frozen in freezer were measured separately.
For each type of cells, gigaseal-to-total number of cells ratio was calculated.

3. RESULTS AND DISCUSSION

Gigaseal-to-total number of cells ratio was calculated for control group and both experimental
groups of cells. The results are presented in Table 1. The control group shows that about
20.4% of non-frozen HEK293 cells can be successfully gigasealed. Both experimental groups
express roughly doubled quality. Cells frozen in a low temperature freezer can be gigasealed
in 29.0% comparing to 30.6% of cells frozen in LN,. Table 1 shows some difference between
the control group and frozen cell groups. It is most probably effect of improper measurement
conditions, ie. measurement solutions quality and longtime cells. The difference in

gigaseal/number of cells cell ratio between frozen cells by both techniques is subtle. Freezing
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cells in LN, and a low temperature freezer for ten days does not change cell quality. The
results are limited by limited storage time and the used type of. However, the results are
satisfactory for the main purpose of the experimental work. Future work of the team will be
focused on the experiments with cells frozen for periods longer than ten days. Further, Cay
3.1 current responses will be measured as another potential quality indicator.

Table 1: Cell statistics from individual experiments

No. of cells No. of gigaseals Gigaseal/Cell ratio
Non-frozen cells (control group) 103 21 0.204
Cells frozen in a freezer 38 11 0.290
Cells frozen in LN, 49 15 0.306

4. CONCLUSION

In this paper, comparison of two techniques of low temperature cell freezing is presented.
Subtle differences between freezing in a low temperature freezer and liquid nitrogen was
found. However, difference between non-frozen and frozen cells caused by improper
measurement conditions appeared.
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Abstract

An aggregation process of sugar-based surfactant and phospholipid was studied. All
experiments were realized by using fluorescence spectroscopy method with pyrene as a
fluorescence probe.

At the beginning, aggregation behaviour of DPPC (1,2-dipalmitoyl-sn-glycero-3-
phosphatidylcholine) was studied in two different ways. Then, sugar-based surfactant
(dodecyl-p-D-maltoside) aggregation was studied in the presence and absence of DPPC.

1. INTRODUCTION

Dodecyl maltoside (in excess) can well solubilize DPPC. In the case of equimolar mixture
was achieved complete DPPC bilayer solubilization into mixed micelles, too 0.

The dependence of mixed micelle stoichiometry on the concentration of aqueous sugar-based
surfactant is consistent with the assumptions of ideal mixing of the two amphiphiles in the
mixed micelles 0.

Pyrene is highly sensitive fluorescence probe suitable for studying polarity of local
environment. Intensity of first emission band is sensitive for local polarity and intensity of
third emission band O is used as a reference and then we can use their ratio as emission
polarity index (EmPI). This parameter is often used for CMC determination 0 and can be used
for characterization of mixed surfactant systems O.

Dependences of pyrene EmPI as a function on the total surfactant concentration show around
CMC sigmoidal decrease and after fitting by sigmoidal curve to CMC obtaining. The same is
valid for ExPI (ExPI — excitation polarity index) obtained from pyrene excitation spectra as a
ratio of intensity at 335 and 338 nm.

Nile red is another fluorescence probe. In the presence of aqueous suspension of
phosphatidylcholine vesicles It fluorescence intensely, while its fluorescence is quenched in

water 0.

156




XIV. Pracovni setkani fyzikalnich chemik( a elektrochemiki Brno 2014

2. MATERIAL AND METHODS

Materials. Dodecyl-p-D-maltoside was purchased from Fluka (resp. Sigma), 1,2-dipalmitoyl-
sn-glycero-3-phosphatidylcholine DPPC, Fluka, GmbH), nile red, pyrene and chloroform
were purchased from Fluka, GmbH. All experiments were performed in water adjusted by

MiliPore system.

3. RESULTS AND DISCUSSION

CAC (critical concentration of aggregation) of DPPC was determined by two different
methods — in saturated pyrene solution and with nile red as a fluorescence probe.

In the Figure 1 are shown dependences of pyrene ExPI and total integral of nile red emission
spectra in the range of 525-750 nm on the DPPC concentration. In the case of pyrene ExPI
and EmPI (EmPI not shown) CACs were obtained as a point of inflexion after fitting by
Boltzmann curve, and concentration at the first break of the Boltzmann curve (CBA —
concentration of the beginning of an aggregation) was calculated. In the dependence of total
integral of nile red emission spectra are evident two breaks, which well correspond to the first
break of Boltzmann curve and its point of inflection.

In aqueous solution probably occurs transformation from micelle-like structures to another
aggregates (liposomes, vesicles), begins at CBA and at CAC are these new aggregates (new
type of aggregates) formed. All measured concentrations are listed in Table 1. As can be seen,
data obtained from measurements of pyrene EmPI and nile red total integral are in good
agreement to each other. On the other hand, CBA and CAC obtained from measurements of
pyrene ExPI are slightly lower.

For further measurements of mixed micelles formation, DPPC concentration of 5 mg dm™

(close to CBA) was chosen.
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Figure 1.: Dependences of pyrene ExPI and Total Integral emission spectra of nile red on
the DPPC concentration
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Table 1: CBA and CAC of DPPC.
Fluorescence Dependence CBA[gdm™] CAC [gdm ]

probe
Pyrene EmPI 0.004 0.014
Pyrene ExPI 0.003 0.011
Nile red Total 0.005 0.015
integral
Average 0.004 +£0.001 0.013 +0.002

CMC of dodecyl-B-D-maltoside (hereinafter the C12Mal) was determined, and then,
behaviour of mixed system with DPPC (0.005 g dm ) was measured. Dependences of pyrene
EmPI (ExPI not shown) for both systems are shown in Figure 2.

For pure C12Mal smooth dependences of pyrene ExPI and EmPI on C12Mal concentration
were obtained and values of CMC were received. These values are shown in Table 2. In the
presence of DPPC decrease of EmPI (and ExPI too) was observed at C12Mal concentration
about 0.01 mM followed by its increase in the range of C12Mal concentration 0.04-0.1 mM.
This variation of EmPI can indicate formation of premicelar aggregates and their
disintegration just before CMC and micelle formation.

These dependences were by two Boltzmann curves fitted, when the first point of inflection
was named CAC (formation of first aggregates with hydrophobic core), and the second CMC.
Values are again shown in Table 2. It is apparent, that CMC is decreasing with addition of
DPPC to Cl12Mal. In the case of mixture of C12Mal and DPPC, CAC is localized

approximately at ten times lower concentration that CMC is.
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Figure 2.: Dependences of pyrene EmPI on the C12Mal concentration of C12Mal and its
mixture with DPPC
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Table 2: Parameters of Boltzmann curves for C12Mal and its mixture.

CMC [mM] CAC [mM]
System EmPlI ExPl  Average Literature EmPI EXxPI Average
Cl2Mal 0.21 0.19 0.20+£0.01 0.1700 - - -
Ci12Mal+DPPC 0.16 0.14 0.15+£0.01 - 0.0167 0.015 0.16 £0.001

4. CONCLUSION

In this paper we explained, that interaction of DPPC with non-ionic surfactant (sugar-based
surfactant) is possible.

After addition of DPPC (at concentration 5 mg dm®) to sugar-based surfactant (C12Mal) was
its CMC reduced, premicelar aggregates were probably formed and CACs of systems were
founded.
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Abstract

1

This study is aimed at determining the effectiveness of reduced graphene oxide and
paramagnetic particles (Fe;O3) to adsorption of cadmium(ll), lead(ll), and copper(ll) on its
surface. Different interaction time from 1 minute to 24 hours was tested. The main attention

was paid to the detection of these metals using differential pulse voltammetry.

1. INTRODUCTION

Metal ions are still a threat polluting environment and having great bioaccumulation potential
[1, 2]. For isolation of heavy metals, it is possible to use different materials with high sorption
properties that are able to adsorb metal ions onto their surface or into their structure. Different
modifications of carbon, such as graphene, nanotubes, or fullerenes are important members of
this group [3]. Instead of various carbon modifications, paramagnetic particles (PMPs) with

comparable properties can be also used [4].

2. MATERIAL AND METHODS

Chemicals
FeCl;-6H,0, FeCl,.6-H,0, and other chemicals were purchased from Sigma Aldrich (Sigma-
Aldrich, USA) unless noted otherwise. Stock solutions were prepared with ACS water.

Preparation of graphene and Fe,O3; MPs

The reduced graphene oxide and paramagnetic particles (Fe,O3) were prepared according
to the [5-8].

Electrochemical determination of metal ions
Determination of cadmium, lead, and copper by differential pulse voltammetry at HMDE was
performed using a 797 VA Stand (Metrohm). Acetate buffer (0.2 M CH3;COONa +

160



XIV. Pracovni setkani fyzikdlnich chemiku a elektrochemikt Brno 2014

CH3COOH, pH 5) was used as a supporting electrolyte. The parameters of the measurement
were as it follows: purging time 120 s, initial potential -1.3 V, end potential 0.2 V, deposition
potential -1.15 V, accumulation time 240 s, pulse amplitude 25 mV, pulse time 0.04 s, voltage
step 5.035 mV, voltage step time 0.3 s, sweep rate 0.0168 V/s, volume of injected sample:
15 pl, volume of measurement cell 2 ml (15 pl of sample; 1985 pl acetate buffer).
Characteristic peak for cadmium was measured at potential of -0.62 V, for lead at potential of
-0.40 V, and for copper at potential of -0.03 V.

3. RESULTS AND DISCUSSION
For determination of the concentration capacity, 10 mg of adsorbent was applied. 1 ml of
solution of cadmium, lead, and copper in various concentrations was added to the adsorbent.

Concentration of metals was as it follows: 1, 50, 100, 200, and 500 uM. Time of interaction

was 1 hour.
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Figure 1.: Determination of the concentration of adsorbent capacity of graphene (reduced graphene oxide):
concentration capacity (A) for cadmium, (B) for lead, and (C) for copper and of Fe,O; MPs: concentration
capacity (D) for cadmium, (E) for lead, and (F) for copper. Efficiency of adsorption for each metal is plotted on
the y-axis %. Applied concentrations of metals (Cd**, Pb*, Cu®*") were 1 uM, 50 pM, 100 puM, 200 pM, and
500 pM.

161




XIV. Pracovni setkani fyzikalnich chemik( a elektrochemiki Brno 2014

The concentration capacity of selected adsorbents was determined using differential pulse
voltammetry. Based on the measured and evaluated data, the value of concentration, which is
the limit for both adsorbents (reduced grapheme oxide in Figs. 1A, B and C, Fe,O3 particles in
Figs. 1D, E and F) was determined. The limit value of concentration is 100 uM. The
efficiency of adsorption was calculated according to the formula: Absorption efficiency =
100 % - (Cp / Cy) * 100 (%). (Cp is the detected concentration of metal in the filtrate. Cy is
the bound concentration of metal). With application of increasing concentration of metal ions
the efficacy of adsorption decreased. The reason for the reduced efficiency of adsorption with
the increasing concentration of the metal is the formation of a monolayer on the surface of
adsorbent. The studied absorption effect is mainly caused by chemisorption [9, 10].

This fact is shown in Fig. 1. The graphs in Fig. 1 show the specificity of metals for each
adsorbent. Reduced grapheme oxide preferably binds lead ions on its surface. Ferrous

magnetic particles bind all three metals to their surface with the same specificity.

4. CONCLUSION

Monitoring of adsorption properties of reduced graphene oxide and Fe,O3 particles related to
cadmium, lead and copper ions was investigated in this paper. From presented results seems
that 100 uM concentration of metal ions was limiting in the adsorption process of reduced

graphene oxide and Fe,O3 particles.
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Abstract

1

2

In the cancer treatment the drug doxorubicin, among others, is widely used. This drug has
over its good cytostatic properties also cardiotoxic properties. For its negative properties there
are still developed a new application possibilities that lead to reductions in dosage of this
substance. Due to continuous development in this area it is necessary to establish low
concentrations of doxorubicin in various matrices. In this work, we focused on improving the
electrochemical detection of doxorubicin in combination with flow injection analysis. The
most suitable condition for the electrochemical detection of doxorubicin an alkaline pH was

determined.

1. INTRODUCTION

Doxorubicin is a drug that is used to treat a variety of cancers, alone or in combination with
other cytostatic agents. Currently a liposomal doxorubicin is mainly used, as liposomal
packaging reduces significantly the cardiotoxicity of doxorubicin itself. Cardiotoxicity of
doxorubicin is a limiting factor in the use of this cytostatic drug [1]. To test a negative impact
of doxorubicin on organisms it is necessary to prove how to determine the concentration of
this substance in the samples of tissues, cells and body fluids. These concentrations can be
very low and still can affect the organism. Therefore, it is necessary to develop new methods
for detection of doxorubicin and reduce the cost of analysis. As one of the possible options

appears a flow injection analysis (FIA-ED).
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2. MATERIAL AND METHODS

Electrochemical determination

Flow injection analysis system consisted of a chromatographic pump Model 584 ESA (ESA
Inc., Chelmsford, MA) (working range 0.001-9.999 ml.min™) and of an electrochemical
detector Coulochem (ESA, USA), to which the amperometric cell (model 5040, ESA, USA)

was connected. The cell contained a working electrode made from glassy carbon.

3. RESULTS AND DISCUSSION

To determine doxorubicin in body fluids, cells or tissues, we optimized buffer environment that will be suitable

for the detection of this substance by flow injection analysis (FIA-ED).
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Figure 1.: Analysis of doxorubicin (50 mg.ml™) in different buffers by FIA-ED. The buffer, which was used for
dilution of doxorubicin aliquot, was used also as the mobile phase. The potential range was 100 -to 1200 mV
with 100 mV step. Blue marks in graphs represent maximal measured values. (A) Phosphate buffer (PB) with pH
5.5, 6.5 and 7.5. (B) Acetate buffer (AB) with pH 3.5, 4.5 and 5.5. (C) Borate buffer (BB) with pH 7.5, 8.5 and
9.5. (D) Britton-Robinson buffer (BR) with pH 2, 3, 4, 5, 6, 7, 8, 9 and 10. (E) The highest detector responses

considering different buffers and applied potential.
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Each buffer was used in its natural buffering range: Britton-Robinson buffer (pH 2, 3, 4, 5, 6,
7, 8, 9, 10), acetate buffer (pH 3.5, 4.5, 5.5), phosphate buffer (pH 5.5, 6.5, 7.5) and borate
buffer (pH 7.5, 8.5, 9.5). In each buffer with each pH the hydrodynamic voltammograms
(HDVs) were measured with a 100 mV step within the range from 100 to 1200 mV for
phosphate buffer, acetate buffer, borate buffer and Britton-Robinson buffer (Figs. 1A, B, C,
and D).

The largest peak area was achieved using the highest pH, which a Britton-Robinson buffer at
pH 10. With decreasing pH the peak area of doxorubicin measured by FIA-ED was also
decreasing. This effect of pH was surprising because with other types of electrochemical
detection the low pH is preferably used [2-5] . For similar types of detection in HPLC the
lower pH is used as well. Often a phosphate buffer with addition of triethylamine is used at
pH lower than 5 [5,6]. These conditions are mainly used for separation but the signal of
detector is distinctly lower than with use of our optimized conditions of Britton-Robinson
buffer at pH 10 (Fig. 1E).

4. CONCLUSION

Optimization of the buffer environment suitable for electrochemical detection using flow
injection analysis (FIA-ED) was carried out in this work. Best detection was achieved using a
Britton-Robinson buffer of pH 10. Decrease of pH lead to the reduction of the signal intensity.
These results suggest the possibility of improving the detection limits, when methods such as

HPLC-ED are used, where buffers with substantially lower pH are commonly used.
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Abstract
During the cancer treatment high concentration of platinum cytostatics from the urine of
patients ends up in wastewater. This leads to an increase in concentration of the platinum ions
(PGEs) in wastewater. In order to facilitate the detection of various types of platinum, we
have developed a new, rapid screening flow injection analysis method with electrochemical
detection (FIA-ED). The developed method is based on monitoring changes in the
electrochemical behavior of analytes in Britton-Robinson buffers of pH 2 and 5. Changes are
observed in a comparison of the response of amperometric detector using a glassy carbon
electrode at an applied potential of 1000, 1100 and 1200 mV.

1. INTRODUCTION

Due to the negative effects on organisms it is necessary to properly identify the presence of
PGEs and especially cytostatics in the water environment which serves as the distribution
route [1]. The most widely used platinum-based cytostatic, cisplatin, is applied in
concentrations of 75-100 mg/m 2 of body surface area, oxaliplatin in concentrations of
150 mg/m 2 and carboplatin in concentrations of 400 mg/m 2 Some 75% of the applied
amounts may be excreted through urine into wastewaters [2]. These values indicate the
potential seriousness of wastewater contamination with platinum-based cytostatics and

highlight the importance of determination of their content.

2. MATERIAL AND METHODS

Electrochemical determination
The instrument for flow injection analysis with electrochemical detection (FIA-ED) consisted
of a solvent delivery pump (Model 582 ESA Inc., Chelmsford, MA, USA) and an
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electrochemical detector. The electrochemical detector includes a flow-volume flow-through
analytical cell (Model 5040, ESA), which consists of a glassy carbon electrode as a working
electrode, a hydrogen-palladium electrode as a reference electrode and an auxiliary electrode,

and a Coulochem I11 unit as a control potentiostat module.

3. RESULTS AND DISCUSSION

Analyte detection is dependent on the environment, pH and on the applied potential. For
oxaliplatin, cisplatin, carboplatin, PtCl, and PtCl, detection, Britton-Robinson buffers of pH
2; 3; 3.5; 4; 5 and 6 were evaluated. Applied potential was chosen by earlier analyzes of 1000,
1100 and 1200 mV. To express the rates of change of electrochemical signal of platinum, peak

heights after deduction of blank were rated.
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Figure 1.: Expression of potentials (range 1000-1200 mV) in buffers Britton-Robinson buffer (B-R) with pH 2—
6 for each of PGEs obtained from HDVs. Ideal potentials for (A) oxaliplatin; (B) cisplatin; (C) carboplatin; (D)
PtCl,; (E) PtCl, are shown. Optimal potential and pH buffer for determination of platinum-based cytostatics
from platinum chlorides is highlighted with red color. Potential and pH buffer, characterizing concentration of

platinum in sample is highlighted with orange.
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As seen in Fig. 1, the most significant differences are in the detection in Britton-Robinson
buffer of pH 2 and an applied potential of 1200 mV (Fig. 1, highlighted by a red borders),
contrast, when using a buffer pH 5 and the applied potential of 1200 mV (Fig. 1, highlighted
by an orange border), minimal differences were reported in the detection of all tested PGEs
variants. If the peak height of platinum measured in Britton-Robinson of pH 2 shows an
approximately 1.5-2.5 x higher value that in the same buffer with pH 5, the result points to
platinum chlorides. In the case that the peak height of platinum analyzed in the Britton-
Robinson buffer of pH 2 is 5-9 x higher than in the same buffer of pH 5, platinum drugs are
present in the water sample. Our method is based only on changing two buffers forming the
mobile phases of the FIA-ED system. This approach is rapid, cheap and it can be miniaturized
and thus used for biosensor applications.

4. CONCLUSION

Based on the obtained results, we suggest a rapid and inexpensive method with the potential
to be miniaturized. The FIA-ED method, based on the comparison of the responses of an
amperometric detector using a glassy carbon working electrode, can be used to distinguish the
presence of platinum-based cytostatics from platinum chlorides.
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Abstract

Doxorubicin (DOX) belongs to the group of anthracycline antibiotics with very effective
anticancer properties. In this work, the DOX behavior in capillary electrophoresis was
investigated. Electrophoretic mobilities in of the background electrolyte (pH range from 3 to

11) were determined in the range from 16.3to -13.3 x 10 " m? v s,

1. INTRODUCTION

Generally, anthracyclines belong to the most effective anticancer drugs, and DOX is highly
efficient and widely used. This compound was firstly isolated from Streptomyces peucetius in
1960s [1]. The administration of the drug over the cumulative dose 550 mg/m? of body
surface area leads to severe side effects including high risk of cardiomyopathy [2, 3].
Nevertheless, cardiac failures can be identified at smaller doses too. This cardiotoxicity is the
main force driving the progress towards less toxic formulations, enabling also targeted
delivery of the drug [4-10]. Due to the optical properties of DOX as well as its biological
activity, this molecule is still a target of numerous investigations [11-13].
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2. MATERIAL AND METHODS

Capillary electrophoresis with laser induced fluorescenc detection (CE-LIF)

DOX was analyzed by CE-LIF (PACE MDQ, Beckman Coulter, USA). A fused silica
capillary with internal diameter of 75 um and with the total length 64.5 cm (54 cm to detector
window) was used. The separation voltage of 20 kV and hydrodynamic injection by 3 psi for

10 s was employed.

3. RESULTS AND DISCUSSION

The behavior of the analyte in various environments is one of the key aspects that have to be
considered prior to analysis by capillary electrophoresis. Analysis by separation methods such
as capillary electrophoresis with laser-induced fluorescence detection may provide valuable
information on the presence of various components, contaminations or even analyte species in
the studied solution. Due to the complex structure of DOX and due to the presence of several
functional groups, DOX may occur as a cation, anion, zwitterion and/or neutral molecule
depending on the environment.

To determine the ionic form of DOX and its pl, phosphate buffer with pH 3, 4, 6, 8, 10, or 11
was used as a separation electrolyte and coumarine 334 was employed as an EOF marker. The
obtained electropherograms are shown in Fig. 1. pH as low as 3 caused very slow EOF and
therefore only DOX peak was obtained, however, the increasing pH above this value, peaks of
both DOX and coumarine 334 were detected. DOX migrated as a cation (before the EOF
marker) in the pH up to 10. When the pH was increased to 11, the peak of DOX occurred after
the EOF marker, which confirmed the anionic form of DOX. As expected, based on previous
fluorimetric experiments, the peak height of DOX decreased with the increasing pH. From the
migration times, the electrophoretic mobilities were calculated. It clearly follows from the
results obtained that the electrophoretic mobilities change over the range from 16.3x10” to -
13.2x10° m2vts™
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Figure 1.: CE-LIF of DOX with pH matching to BGE pH, DOX concentration 0.5 pg/mL,
CE conditions: capillary 75 um, 64.5/54 cm; voltage +20 kV; injection 3 psi, 10 s; BGE 10
mM sodium phosphate pH 3, 4, 6, 8, 10 or 11. (c) Left - DOX peak heights obtained when
BGE pH matched sample zone pH (BGE 10 mM phosphate buffer pH 4, 6 and 8), right -
electrophoretic mobilities of DOX under conditions matching the pH of BGE and DOX zone.

4. CONCLUSION
The fluorescence properties of DOX are strongly dependent on the environment and the

increasing pH as well as the presence of water causes the fluorescence quenching. Using CE,

the electrophoretic mobility of DOX as well as the pl was calculated.
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Abstract
The electrochemical method of differential pulse voltammetry was used for detection of
electrochemically active 1-naphthol as the result of enzymatic cleaving of electrochemically
inactive 1-naphthyl phosphate. 3D printed flow chip performed detection of Staphylococcus
aureus based on alkaline phosphatase activity. Bacteria from the solution were captured by
application of modified magnetic particles in the chip. The detection limit of electrochemical
determination of 1-naphthol was 20 nM.
1. INTRODUCTION
Alkaline phosphatase (ALP) is produced during the growth and sporulation of various
bacterial strains (Staphylococcus aureus [1], Bacillus cereus and Bacillus amyloliquefacians
[2-4], Escherichia coli [5], thermophilic bacteria [6] like Thermotoga neapolitana, Thermus
caldophilus, Thermus thermophiles, Bacillus stearothermophilus, Pyrococcus abyssi and
Deinococcus radiodurans [7-9]). For detection of an enzyme activity, electrochemical
detectors (ECD) can provide competitive advantages with respect to other detection systems
such as portability, low cost, and low power requirements [10-12].
2. MATERIAL AND METHODS
Fabrication of 3D microfluidic chip
The microfluidic chip was 3D processed in Blender 2.65 (Blender foundation, Amsterdam,
Netherlands) and further edited in NetFabb (Netfabb, Parsberg, Germany). Acrylonitrile
butadiene styrene was used as a material (DO-IT, Straznice, Czech Republic), and every
printed chip was fitted with five input tubes with a diameter of 0.5 mm, one output tube with

diameter 0.5 mm, two electromagnet and thermostatic system.
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Screen printed electrode (SPE) design and fabrication

Electrode system was designed and fabricated as a disposable planar three-electrode sensor in
LabSensNano laboratories (Brno University of Technology, Czech Republic). The properties
of design and optimization can be found in the following papers.

Microfluidic analysis with differential pulse voltammetric detection

The flow cell for SPE was designed in the shape of a cuboid with sides of 1 cm (width) x
1.5 cm (height) x 3 cm (length). The reaction zone was dimensioned for 20 pl of analyte with
0.7 mm wide inlet and outlet channel. The sample was injected using a peristaltic pump
(Amersham Biosciences, Uppsala, Sweden). After optimization of the automated flow system
additionally a peristaltic pump Minipuls®3 (Gilson, Middleton, USA) and a stirred water bath
WB-4MS (Biosan, Riga, Latvia) were used. Changes of reduction signals were measured with
a potentiostat PGSTAT 101 (Metrohm, Herisau, Switzerland) and the results were evaluated
by the Software NOVA 1.8 (Metrohm, Herisau, Switzerland). Settings of the potentiostat were
as it follows: initial potential -0.2 V, end potential +0.5 V, step potential 0.005 V, modulation
amplitude 0.1 V, modulation time 0.004 s, interval time 0.1 s, deposition time 60 s and
equilibration time 5 s. For ALP detection 50 mM carbonate buffer (32 mM Na,CO3; and
68 mM NaHCO3) pH 9.9 with 1 mM 1-naphthyl phosphate was used [13, 14].

3. RESULTS AND DISCUSSION

For electrochemical determination of 1-naphthol by DPV the optimal conditions
(measurement temperature, flow rate or accumulation time) were measured. The calibration
curve of 1-naphthol with regression coefficient R>=0.999 was measured (Fig. 1) and the limit

of detection and quantification was calculated (Table 1).
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Figure 1.: Calibration curve of 1-naphthol obtained by DPV under the optimized conditions (measurement

temperature 35 °C, flow rate 500 ul.min™*, accumulation time 60 s)
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Table 1. Analytical parameters of electrochemical determination of 1-naphthol.

*kkk

Substance  Regression equation Linear dynamic range R®*° LOD™ LOQ™ RSD

(LM) (M) (M) (%)
1-naphthol y =0.1643x + 0.0103 0.079 - 6.25 0.999 20 79 6.5
* ...regression coefficients
** ...limits of detection of detector (S/N = 3)
faleled ...limits of quantification of detector ( S/N = 10)

**x% | .relative standard deviations

4. CONCLUSION

A flow chip was used for electrochemical detection of bacteria by electrochemically active 1-
naphthol. The chip could be the part of robotic system and it can serve for remote control of
bacteria presence [15].
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Abstract
In our work, we focused on the possibility of modification of liposomes with gold
nanoparticles (AuNPs). In addition, AuNPs-modified liposomes were labelled by green
fluorescent protein (GFP). Modified liposomes were isolated using magnetic microparticles
(oligo(DT)2s5)-nucleic acid anchor system (ODN- 5'TCTGCATTCCAGAAAAA). Isolation
efficiency of lipoGFP-AuNPs was 20 %. Gel electrophoresis, MALDI-TOF, UV/VIS
spectrophotometry and fluorescence imaging were used to characterize individual parts of the
system lipoGFP-AuNPs.

1. INTRODUCTION

Liposomes are artificially-prepared microscopic particles formed by an (phospho)lipid bilayer
that encloses an aqueous compartment. Their size varies in the range from 0.1 — 1 um. Due to
the inner aqueous compartment, they are able to carry various types of compounds (drugs,
proteins, nucleic acids, and metal ions) [1-4]. Hydrophobic molecules can be loaded into
bilayer and hydrophilic to the cavity, where are protected against degradation processes [5, 6].
In addition, changes in the lipid composition, surface charge, and the method of preparation
significantly affect their properties [7]. Due to this fact, liposomes have found an application
in the medicine and pharmacy, for the delivery of new biotechnology products, for example
antisense oligonucleotides, cloned genes, and recombinant proteins. It has been established
that numerous anti-cancer agents are non-toxic in the liposomal form in comparison with

conventional free drugs [8-10].
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2. MATERIAL AND METHODS

Chemicals

Cholesterol, 1,2-dioleoyl-sn-glycero-3-phospho-rac-(1-glycerol) sodium salt, chloroform,
Zn(NO3),.6H,0, sodium citrate, HAuCl,-:3H,O and water were purchased from Sigma-
Aldrich (St. Louis, MO, USA) in ACS purity, unless noted otherwise. Hydrogenated
phosphatidylcholine from soybean was a gift from Lipoid GMBH (Ludwigshafen, Germany).
Magnetic particles (MPs) oligo(DT)2s were purchased from Invitrogen (Oslo, Norway). To
pipette volumes down to microlitres, pipettes used were purchased from Eppendorf Research
(Hamburg, Germany) with the highest certified deviation (£12 %). The deionised water was
prepared using reverse osmosis equipment Aqual 25 (Aqual, Brno, Czech Republic).
Fluorescence measurement

Fluorescence spectra were acquired by a multifunctional microplate reader Tecan Infinite 200
PRO (TECAN, Switzerland). Wavelength 400 nm was used as an excitation wavelength and
the fluorescence scan was measured within the range from 440 to 800 nm per 5-nm steps. The
detector gain was set to 100. To each well was placed 50 ul of sample. All measurements
were performed at 30 °C controlled by the Tecan Infinite 200 PRO (TECAN, Switzerland).

3. RESULTS AND DISCUSSION

The whole system consisted of GFP encapsulated in liposome (LipoGFP) whose surface was
modified by gold nanoparticles (Fig. 1 a). Due to high affinity of gold to thiol groups (-SH),
oligonucleotide (ODN-SH) that was linked complementary with the second part of ODN,
which contained adenine moieties (AAAAA), see Fig. 1 b. The liposomal transporter
(LipoGFP-AuUNPs) was anchored to magnetic microparticles (MBs)oligo(DT),s via adenine
moieties, see Fig. 1 c. The functionality of individual connections (AuNPs-ODN-SH-ODN-
AAAA-(MBs)oligo(DT),s) was tested electrochemically (differential pulse voltammetry).

Figure 1: Schematic representation of nanoconstruct consisting of (a) a liposome with encapsulated GFP and
nano gold (AuNP) attached to the liposome surface (b) the anchoring system comprising two oligonukleotides
and (c) magnetic particle.
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4. CONCLUSION

Amplified GFP was isolated and further characterized by gel electrophoresis, MALDI-TOF,
and fluorescence imaging. Subsequently, GFP was enclosed in nanogold-modified liposomes
that were isolated using magnetic microparticles and nucleic acid anchor system.
Effectiveness of the whole isolation process was 20%. The functionality of the whole

procedure was verified using fluorimetry.
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Abstract
Interactions between As(l11) and metallothionein gene Mt2A were monitored using UV/vis
spectrophotometry, atomic absorption spectrometry, electrochemical measurements and
agarose gel electrophoresis. By application of the mentioned methods it was observed the
As(I11) forms the stable structure with DNA in the concentration range of As(lll) 0.4 — 6.25
ug/ml. The higher concentration of As(111) caused the DNA degradation.

1. INTRODUCTION

Arsenic is classified as a worldwide pollutant and human carcinogen. Oxidative stress due to
arsenic exposure is proposed as one potential mode of carcinogenic action [1]. There are
currently over 100 active clinical trials involving inorganic arsenic or organoarsenic
compounds registered with the Food and Drug Administration for the treatment of cancers [2].
Arsenic trioxide is presently the most active single agent in the treatment of acute
promyelocytic leukemia (APL) [3, 4].

2. MATERIAL AND METHODS

Chemicals

Standards of As(111) — Arsenic chloride (AsCl3) was purchased from Sigma-Aldrich (St. Louis,
MO, USA) in ACS purity. Standards were dissolved in ACS water

DNA fragment amplification and isolation

Human genomic DNA was isolated from blood via MagNA Pure Compact (Roche, Germany)
using Nucleic Acid Isolation Kit I and protocol DNA_Blood_100_400.
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Electrochemical Measurements of As - DNA

Determination of DNA was performed with 797 VA Stand instrument connected to 889 IC
Sample Center (Metrohm, Switzerland). The analyser (797 VA Computrace, Metrohm,
Switzerland) employs a conventional three-electrode configuration with a hanging mercury
drop electrode (HMDE) with a drop area of 0.4 mm? was the working electrode. An

Ag/AgCI/3M KCI electrode was the reference and glassy carbon electrode was auxiliary.

3. RESULTS AND DISCUSSION

The As-DNA interaction was proved using square wave voltammetry (SWV). First reports
about electrochemical reduction and oxidation signal of nucleic acids were published at the
end of 1950s and in the beginning of 1960s [5]. It was pointed out that these signals are due to
residues of bases in DNA. Adenine and cytosine in DNA yielded reduction signals (CA peak)
[6]. As-DNA was demonstrated due to the significant change of CA peak with increasing
concentrations of As(l11) from control DNA, Fig. 1. Using this method, it was proven that the
studied concentration of As(l11) plaied an important role (RSD 6%) in the DNA damage.
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Figure 1.: Voltamograms (a) of 5 ug/ml DNA and 5 pg/ml DNA with As (III) in
concentrations (b) 50, (¢) 100 and (d) 200 pg/ml.

4. CONCLUSION

In this study, it was proven that the As(lll) caused damage of the secondary structure of

DNA. These properties of As(I1l) play an important role in the apoptosis induction by APL.

180



XIV. Pracovni setkani fyzikdlnich chemikd a elektrochemikd Brno 2014

5. ACKNOWLEDGEMENT
Financial support from the project NANOLABSYS CZ.1.07/2.3.00/20.0148 is highly
acknowledged

6. REFERENCES

[1] Ding W, Hudson LG, Liu KJ (2005) Mol. Cell. Biochem. 279.

[2] Swindell EP, Hankins PL, Chen HM, Miodragovic DU, O'Halloran TV (2013) Inorg. Chem. 52.

[3] Yang H, Lin S, Cui JR (2014) Gene 535.

[4] Yujiri T, Tanaka M, Taguchi A, Tanaka Y, Nakamura Y, Tanizawa Y (2014) Ann. Hematol. 93.

[5] Palecek E (2002) Talanta 56:809-819.

[6] Krejcova L, Huska D, Hynek D, Kopel P, Adam V, Hubalek J, Trnkova L, Kizek R (2013) Int. J.

Electrochem. Sci. 8:689-702.

181



XIV. Pracovni setkani fyzikalnich chemik( a elektrochemiki Brno 2014

AUTOMATIC ELECTROCHEMICAL DETERMINATION OF HEAVY
METALS AND APPLICATION TO A REMOTE-CONTROLLED

ROBOTIC PLATFORM ORPHEUS-HOPE
Hoai Viet NGUYEN"?, Lukas ZIMA', Lukas NEJDL', David HYNEK"?, Rene KIZEK"*"
Department of Chemistry and Biochemistry, Faculty of Agronomy, Mendel University in
Brno, Zemedelska 1, 613 00 Brno, Czech Republic
2 Central European Institute of Technology, Brno University of Technology, Technicka
3058/10, 616 00 Brno, Czech Republic
*kizek@sci.muni.cz
Abstract

1

Heavy metals are natural components of Earth’s crust. They can be found in many places such
as soil, water, and air. High concentration of heavy metals can affect negatively human health
and environment. The main aim of this study is to determine heavy metals ions such as zinc,
cadmium, lead, and copper by automatic electrochemical analysis. We chose a carbon tip as a
working electrode. Furthermore, this system was applied into a remote-controlled robotic
platform ORPHEUS-HOPE.

1. INTRODUCTION

Heavy metals pollution is a major health problem, representing a danger for worldwide
citizens. "Heavy metal” term describes metallic species that typically include the transition
metals, some metalloids, lanthanides, and actinides. Although many metals are essential for
cell metabolism and function, excess amounts can be toxic. Some metals can bio-accumulate
in the food chain and are regarded as serious environmental pollutants, because of their
toxicity to higher species [1]. In order to prevent the accumulation of these toxic chemical
species, it is needed for a portable, low cost monitoring of heavy metals concentrations.
Electrochemical detection is the very sensitive analytical methods available for determination
of heavy metals ions [2]. In this study, automatic electrochemical detection was employed for
determination of zinc, cadmium, lead, and copper. Moreover, this system was applied into the
remote-controlled robotic platform ORPHEUS-HOPE. ORPHEUS-HOPE is a rugged robotic
system which easily equipped with additional devices, such as radiation and biological
sensors. Robot can work well during night or in bad visibility conditions, since it has sensitive

full user control. In addition, Robot performs well in mud and snow, but it is also fully
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capable of indoor operation. Even the control of the robot is ready for narrow spaces

operation [3].

2. MATERIAL AND METHODS

Automatic electrochemical detection was performed by an electrochemical robotic using three
electrodes. The commercial carbon tip was used as a working electrode. Ag/AgCIl/3M KCI
was reference electrode (Metrohm, Swizerland) and counter electrode was injection needle
(Metrohm). Electrochemical signal was recorded with a potentiostat PGSTAT 101 (Metrohm,
Herisau, Switzerland) and software NOVA 1.8 (Metrohm, Herisau, Switzerland) was
employed for data evaluation. The electrochemical robotic has two parts. The first part
connected with a new holder which is printed by PROFI 3D MARKER printing system. Three
electrodes were put on this holder. This holder can easily move up and down through the
vertical axis. The second part of the system connected with plate containing sample. This part
can move left and right through the horizontal axis. EIChemRo software was employed for
automatic moving of the system. The differential pulse voltammetry parameters were as it
follows: initial potential -1.6 V, end potential 0.2 V, step potential 0.005, modulation
amplitude 0.1 V, modulation time 0.004 s, interval time 0.1 s. All experiments were carried
out at room temperature. Acetate buffer (0.2 M CH3;COOH and 0.2 M CH3;COONa) was used

as the supporting electrolyte.

3. RESULTS AND DISCUSSION

a. Determination of each heavy metal by automatic electrochemical detection

The commercial carbon tip electrode was used as working electrode for detection of
cadmium, lead, and copper ions. By applying a conditioning time of 60 s at -0.9 V into
Hg(NOs), solution, thin-film mercury was created. This carbon tip electrode modified with
mercury film was employed for detection of zinc ion. Firstly, effect of accumulation time was
tested and then 120 s of accumulation time was chosen for finding calibration curve as well as
limit of detection of these heavy metals, which is shown in Fig. 1. Copper and zinc produced
lowest limit of detection (200 nA).

b. Determination of mixture of heavy metals by automatic electrochemical detection

Mixture of 4 heavy metals was monitored using carbon tip electrode modified by mercury
film. Firstly, 10 ug/ml of each heavy metal was used for the mixture. There is a difference

between signals of each heavy metal in the mixture in comparison with single heavy metal.
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Therefore, different concentrations (10, 5, 2.5, and 1.25 pg/ml) of each heavy metals in the

mixture were tested.
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Figure. 1.: Calibration curve of cadmium, lead, copper, and zinc ions. The parameters were as it follows:
accumulation time of 120 s, initial potential -1.6 V, end potential 0.2 V, step potential 0.005, modulation
amplitude 0.1 V, modulation time 0.004 s, interval time 0.1 s.

4. CONCLUSION
Electrochemcial monitoring of heavy metals by the commercial carbon tip electrode was
presented in this study. Based on the result, it can be concluded that copper and zinc produced

lower limit of detection in comparison with lead and cadmium.
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Abstract
The microRNAs (miRNAs) belong to small non-protein-coding RNAs. These miRNAs have
different expressions at different diseases and they can serve as diagnostic and prognostic

markers. That’s why the sensitive, simple, fast and cost-effective detection method is required.

1. INTRODUCTION

Small RNA molecules are effective regulators of gene expression, and the expression
signature of one subgroup of small RNA, the miRNAs, has been linked to disease
development and progression. The abnormal expression of specific miRNAs is associated
with many diseases including cancer and/or diabetes [1, 2]. Effect of miRNAs is based on
binding to the untranslated region (3’UTR) of target mRNA and causing degradation (or
inhibition) of target MRNA and their effects are involved in many cellular processes such as
proliferation, differentiation, apoptosis, metastases, angiogenesis, and immune response [3,
4]. Therefore, detection of miRNAs in biological samples will greatly improve the
understanding of their functions and broaden effective tools for cellular process control and
disease prevention. However there are several limitations of miRNAs detection such as their

short length and tissue-specific occurrence. Basic methods used to detection are northern
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blotting, real time RT-PCR, ISH (in situ hybridization) and micro-RNA arrays [5-12]. But
these methods demand labeling amplification and/or enzymatic reaction. In this work the
electrochemical detection based on specific magnetic separation was used because there is no

need of labeling or amplification.

2. MATERIAL AND METHODS

The miR-124 (5’-UAA GGC ACG CGG UGA AUG CC-3") and complementary biotinylated
oligonucleotide (ODN) anti-miR-124 (5’-Btn-GG CAT TCA CCG CGT GCC TTA-3" were
used for optimization of magnetic separation. For the binding specificity confirmation ODNs
at the following sequences were used: ODN 10 (ATGGCAGACA), ODN 21
(GCGATTGATGGTGATACGGTT), ODN 55 (GGGGACAAGTTTGTACAAAAAAG
CAGGCTGTGGCTAATACGAAAAAAACAACATT) and miR-150 (UAAGGCACG
CGGUGAAUGCCA). The ODNs were synthesized by Sigma-Aldrich (USA).

Electrochemical analysis

Electrochemical measurements were performed with AUTOLAB PGS30 Analyzer
(EcoChemie, Netherlands) connected to VA-Stand 663 (Metrohm, Switzerland) using a
standard cell with three electrodes. A hanging mercury drop electrode (HMDE) with a drop
area of 0.4 mm? was employees the working electrode. An Ag/AgCl/3M KClI electrode served

as the reference electrode. Pt electrode was used as the auxiliary electrode.

Adsorptive transfer technique was used for the electrochemical determination of RNA. The
adsorptive transfer technique is based on the sample accumulation (120 s) onto the working
electrode surface and consequently on the electrode washing and square wave voltammetric
(SWV) measurement. All experiments were carried out at room temperature (21°C). SWV
measurements were carried out in the presence of acetate buffer pH 5.0. SWV parameters:
start potential 0 V, end potential -1.8 V, potential step 5 mV, frequency 280 Hz, and
amplitude 25.05 mV. For smoothing and baseline correction the software GPES 4.9 supplied
by EcoChemie was employed.

3. RESULTS AND DISCUSSION

For optimal MPs utilization the binding capacity of MPs surface was determined. To the MPs
the anti-miR-124 was added and after immobilization step and MPs separation the amount of
unbound antisense ODN in retantate was measured. In the Fig. 1A the dependence of anti-

miR-124 amount remained in the retentate on applied concentration to MPs is shown. In
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addition of 3uM probe the unbound probe amount was only 3.3%. So for following
experiments was 3uM anti-miR-124 added to 500 pg of MPs.

The next optimization step was the elution temperature determination (Fig. 1B). During the
elution dsRNA denaturation occurs and the miR-124 is released into the elution solution. The
goal was to find such a temperature at which would be released maximum miR-124 amount
and simultaneously that does not cause the damage of streptavidin-biotin binding. For
following experiments was elution temperature of 70°C was used, the peak height was
349 nA and the SWV signal of blank was insignificant. The optimized method selectivity was
proofed using oligonucleotides of different lengths and miR-150 with non-complementary
sequences (Fig. 1C). The oligonucleotides lengths were 10 nt (ODN 10), 21 nt (ODN 21) and
55 nt (ODN 55). The signals of non-complementary sequences were at the same level as
control solutions. To determine the sensitivity of the optimized separation method a
calibration curve for the whole isolation process was performed (Fig. 1D).
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Figure 1.: (A) MPs binding capacity (anti-miR-124) optimization. The dependence of biotinylated anti-miR-
124 which was not bound to MPs on applied anti-miR-124 concentration.. (B) The peak height dependence of
eluted miR-124 amount/the eluate without miR-124 on elution temperature. (C) The binding specificity
verification. The peak height dependence of the eluted target oligonucleotides on target nucleotide sequence. The
non-complenmentary ODNs were ODN 10, ODN 21, ODN 55, miR-150 and the complementary was miR-124,

(D) Dependence of the peak height on applied miR-124 concentration using the optimized MPs-based isolation.
Inset: the isolated miR-124 voltammograms.

187




XIV. Pracovni setkani fyzikdlnich chemiku a elektrochemikt Brno 2014

4. CONCLUSION
The miRNA specific separation based on magnetic microparticles was optimized. The
developed electrochemical detection in connection with specific magnetic separation is label-

free, simple and low-cost method for miRNA analysis.
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Abstract
This study is focused on investigation of interaction of metallothionein with CdTe quantum
dots. Application of electrochemical technique for such interaction monitoring was tested.
Concretely using of differential pulse voltammetry Brdicka reaction was applied. Two new
voltammetric peaks X and Y were detected with the prolonged time of interaction up to 6
hours.
1. INTRODUCTION
Metallothionein (MT) as a low-molecular protein with mass of 6-7 kDa has the tertiary
structure based on the presence of two domains. These domains readily form cysteine clusters
to bind metal ions [1]. The main functions of MT consist in the transport of metal ions,
accumulation of Zn, and detoxification of metals [1]. Due to high affinity of MT to heavy
metals, its interaction with quantum dots (QDs) is also possible [2]. An increased expression
of MT after exposure of model organisms to Cd-based QDs was found in studies dealing with
toxicity of QDs [3, 4]. Further, the biosynthesis of QDs in rats and earthworms exposed to
CdCl; was found [5, 6].
2. MATERIAL AND METHODS
Chemicals
All chemicals for preparation QDs were purchased from Sigma-Aldrich (USA) in ACS purity.
CdTe QDs were done according to Skalickova et al. [7]. QDs were stored at 4 °C. MT was
isolated from rabbit liver according to Skalickova et al. [7].
Electrochemical determination of metal ions
Electrochemical determination was carried out by differential pulse voltammetry (DPV) in the
Brdicka electrolyte [8] by using a standard cell with three electrodes and cooled sample

holder and measurement cell to 4 °C (Julabo F25, JulaboDE). A hanging mercury drop
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electrode (HMDE) with a drop area of 0.4 mm? was the working electrode. An Ag/AgCl/3M

KCI electrode was the reference and platinum electrode was auxiliary. Sample consisting of
10 ul 0.8 uM MT and 10 pl 500 uM QDs was pipetted into an electrochemical cell (2 ml) and
then the electrolyte (1 980 ul) was added. The MT-QD interaction was studied for 0, 240,
480, 960 s, and 30, 60, 90 min, and 2, 3, 4, 5, 6 hours at 4°C. After that, monitoring of the
interaction was performed using the electrochemical detection (DPV). More details about
electrochemical Brdicka experiments is shown in the paper Petrlova et al. [9].

3. RESULTS AND DISCUSSION

The interaction of QDs with MT was also monitored electrochemically in the Brdicka
electrolyte. The mixture of 500 uM QDs and 0.6 uM MT was left to interact for the
interaction time from 0 s to 6 h with MT. Five peaks were detected (X, Y, RS2Co, Catl, Cat2)
in the obtained voltammograms. However, we were interested in peak X (potential

-0.90+0.05 V) and peak Y (potential -1.00+0.05 V) that appeared during the interaction.
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Figure 1.: Interaction of CdTe with MT in time interval from 0 s to 6 h. Dependence of peak height and peak

potential on interaction time for peak X (A) and peak Y (B). Error bars were calculated by standard deviation,
n=3.

Increase of the peak X was very rapid (forty times in 120 min) and next slightly decreased.
The potential was shifted significantly to positive values (from -0.99 to -0.91 V) and this shift
mainly linear. Analogical situation was observed in the case of the peak Y, but changes in its
peak height were not so distinct (1.7x). With increasing interaction time height of peak Y

increased quite linearly opposite to the change of height of peak X. Changes in potentials of
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both peaks were linearly. On the other hand, Cat2 peak (data are not presented) decreased.
The Cat2 peak corresponds to the presence of —SH moieties, and MT interacts with QDs via
these sulfhydryl moieties within its structure. During the interaction between MT and QDs,
free -SH groups in MT are probably saturated by QDs and this effect causes observed increase

of height of the X and Y peaks as a proof of metal reduction in the complex MT-QD [9].

4. CONCLUSION

Complexes formed during interaction of QDs with MT were studied in our work by Brdicka
catalytic reaction, which providing new peaks X and Y associated with MT-QD complexes.
These new peaks could bring new information about interaction of QDs with metalloproteins
because application of QDs in organism will be connected with question of various QDs

interactions.
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Abstract
Concentrated semiconductor and metal nanocolloids represent an ideal basis for fundamental
photophysical chemistry research as well as for applied nanobiomaterials sciences. This talk
addresses the usefulness of various spectroscopic, electrochemical and calorimetric methods
in nanoparticle research. The following four examples will be given:

1) Structure/optical spectral profile relationships, nucleation chaos and fractal law based

electromagnetic resonance/cluster size correlation diagrams

2) Mechanistic aspects of MX nanocolloid growth (M = Zn, Cd; X =0, S, Se, Te)

3) Multifunctionalisation of nanoparticle surfaces with foreigner atoms

4) Glass formation and confined salt melting in nanoparticulate ZnO fractals
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Abstract

In this contribution it is shown that the elimination voltammetric procedure (EVP) gives a
new dimension for the data evaluation not only in linear sweep (LSV) or cyclic (CV)
voltammetry but also in square wave voltammetry (SWV).

1. INTRODUCTION

Square wave voltammetry (SWV), originated from an idea of Barker and Gardner [1-2], is in
fact a variant of pulse voltammetry [3]. In this technique the change of the potential of the
working electrode combines a large amplitude square wave and staircase modulation with the
tuneable step (Fig.1A). The current is measured at the end of each potential half-cycle change,
right before the next, so that the contribution of the charging current to the current signal is
minimized. The current measured on the backward half-cycle (lI,) is subtracted from the
current measured on the forward half-cycle (Is) and this difference is displayed as a function
of the applied potential (Fig.1B). The SWV maxima reflect the concentration dependency of

electroactive species with the detection limits in the nanomolar range.

Q ) 1/frequency
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Fig.1 Potential wave form for SWV (1A) and measured SWV currents (1B).
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Various transformations of voltammetric data (semi derivative, semi integral, derivative and
integral) can help to extract the specific information (number of transferred electrons,
mechanism etc.) and can reveal details concerning the adsorption phenomena in the studied
electrochemical system. Optionally, the recently developed transformation based on the
elimination voltammetric procedure (EVP) can be used to remove chosen current components
from the total voltammetric current (li). Consequently, the measured current on scan rate (v)
dependencies follow a power law relationship (I ~ v*) with the power law coefficient x that
should have a value of 0, 1 and 1/2 for the kinetic (l), charging (Ic) and diffusion (l4) current

component, respectively. Using the power low and the reference scan rate every total current

0 1 1/2
Vv \Y \Y
Lot =] —— | Lo+ I, + 1, 1)
Vref Vref Vref

The EVP function f(I) eliminating required current components is calculated from different

can be expressed as:

total currents measured at different scan rates. This approach is frequently used in LSV or CV

(linear sweep or cyclic voltammetric) measurements.

2. MATERIAL AND METHODS

All electrochemical experiments were performed using the electrochemical analyzer
LAUTOLAB TYPE III (Metrohm, Switzerland) connected with VA Stand 663 and controlled
by GPES Manager software. The sample of adenine (Sigma-Aldrich) was dosed into the
electrochemical cell, consisting of three electrodes: a hanging mercury drop electrode
(HMDE) with an effective area of 0.3 mm? or a pencil graphite electrode (PeGE) with an
effective area of 15.9 mm? as the working electrodes, and Ag/AgCIl/3M KCI and Pt wire as
the reference and auxiliary electrodes, respectively. The experimental conditions for SWV:
Cade=2-10"* M frequency: 400, 200 and 100 s, accumulation time t, = 0 — 300 s, phosphate—
acetate buffer (pH 5.8); the potential range for Ade reduction on a mercury electrode was
from 0 to -1.7 V and for Ade oxidation on PeGE was from -0.15 to 1.6 V. The SWV curves
obtained were smoothed by using the Savitzky—Golay filter, level 2, and the elimination

voltammetric procedure EVP according to (3).

3. RESULTS AND DISCUSSION
The scan rate (v) is not adjustable parameter within the frame of SWV method but it can be

calculated by knowing the modulation frequency f and the voltage step Esp according to:
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vV = Estep f (2)

With the same step and different frequency we can obtain the desired scan rate values. For the
integer 2, when the value

= 2 or 1/2the most common EVP function eliminating

ref

I+1c and conserving lq is expressed in the case of LSV:

f(1)=—11657l,,,,,+ 17.485l,, — 5.8284l,,., ®)

vref

and in case of SWV:

f(1)=-116571,,, + 17.4851 . — 5.82841,,,..,

fref

(4)

The verification of the aforementioned relationships was performed using known
electroactive substances on the mercury and the carbon electrodes.

4. CONCLUSION
The integration of the elimination voltammetric procedure (EVP) into the square wave
voltammetry (SWV) measurements has shown to be governed by the scan rate — frequency

dependence.
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Abstract

Real-time dehydration monitoring is one of the key methods for organism state determination
especially for elderly people and sportsmen. Dehydration is a complex value and its precise
automated determination is not a simple task. A lot of measurement methods can be used for
its determination. One of the measurement method and its implementation into automated

electronic acquisition system is described in this article.

1. INTRODUCTION

One of the possibilities for dehydration measurement is its determination from potassium
concentration in urine [1]. This concentration is reciprocally proportional to total amount of
water in the human body. Standard values vary between 100 mg/l and 2000 mg/l in the most
cases [2]. The concentration can be measured by standard ion-selective sensor [3] and
processed in any type of medical measurement device or data logger [4] and recalculated into
organism hydration value. This value will be probably inexact due to ordinary potassium
concentration which depends e.g. on gender, age or condition of the tested person. Long term
measurement has to be performed for basic potassium concentration value determination for
each measured person separately.

More accurate results with faster measurement response can be achieved by combination of
multiple measurement methods not only by potassium concentration in urine measurement.
The results can be acquired and evaluated automatically and sent to the physician in case of
emergency state. The second big advantage of the automated measurement system is located

in the possibility of non-obtrusive real-time measurement in the real conditions.
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2. EXPERIMENTS

Potassium concentration has been measured by standard potassium ion-selective electrode
obtained from Elektrochemické detektory s.r.o. (Trutnov, Czech Republic) [3] with simple
voltage output setting. The voltage is converted into data value in the form of digital number
by standalone wireless battery powered electronic circuit after each measurement
(see figure 1). Measured data are collected into PC database where they can be viewed or
analyzed later. Additional values like personal information and other measurement results can

be measured automatically or inserted manually by user or physician.

Figure 1.: Design of the developed wireless device for automated potassium in urine concentration measurement

After the measurement platform built-up, calibration of the system was performed.
Interference of the other urine substances had been expected but this expectation was
disconfirmed by calibration measurement. No interferences were observed in the typical
potassium concentration range [2]. The interferences were registered only for potassium
concentrations below 10 mg/l (see figure 2a). KCI solutions (concentrations between 1 mg/I
and 10 g/l) in Milli-Q water (Millipore, USA) with addition of synthetic urine (concentrations
from 0% to 2% - typical values) has been used for basic calibration measurement.
lon-selective electrode had been conditioned before use in a 0.5 mmol/l KCI (PENTA,
Czech Republic) agueous solution for 1 h.
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Figure 2.: A) Calibration of the sensor system with dependency on urine addition concentration and

B) measured values in human urea

Calibrated measurement system was tested in laboratory and later in real conditions. Other
methods measurement results, water intake/outtake value and subjective feeling of the tested
persons corresponded with dehydration state determined by automated potassium in urine

measurement (see figure 2b).

3. CONCLUSION

The automated measurement of potassium concentration in urine by newly created system for
real-time data acquisition was realized for dehydration detection. The whole system was
created, calibrated and tested in the laboratory and real conditions. This system can be useful
for many medical and sport branches in the future.
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Abstract
The metal oxide semiconductive tin dioxide based gas sensor for detection of explosive gasses
was designed and fabricated. There were prepared and compared two different types of active
layer materials — unmodified tin dioxide nanopowder and tin dioxide nanopowder modified
with multiwalled carbon nanotubes (MWCNTSs). We were able to detect 50 ppm of isobutane
with satisfactory sensitivity using the MWCNTs modified active layers.

1. INTRODUCTION

Nowadays, monitoring of dangerous explosive gasses as they are butane or methane is
needed. Therefore the reliable and sufficiently sensitive sensors for fast detection of very low
concentrations are developed. Metal-oxide semiconductive gas sensors represent one

possibility for such requirements [1-3].

2. SENSOR FABRICATION

Heater fabrication and packaging

Semiconductive gas sensors usually work at higher temperatures up to 450 °C [1-3]. The
appropriate heater element and package is therefore needed. One possibility for such solution
is the usage of LTCC and thick-film technology in combination with TO-8 microelectronic
package. The fabricated LTCC frame in combination with TO-8 package is shown in the
Figure 1.

Figure 1.: The fabricated LTCC frame and its placement in TO-8 package
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The heating meander made of ESL 5545-G paste is placed from the bottom side of the LTCC
frame in which the silicon or alumina substrate with maximal dimensions 8 x 8 mm
containing electrodes and sensitive layer could be inserted. This substrate is then
mechanically fixed to LTCC frame using Ferro 11-036 thick-film paste. The conductive
interconnection from electrodes to the LTCC frame is made using wirebonding. The LTCC

frame is fixed to TO-8 package using conductive thick-film AgPd based paste (see Figure 1).

Active layer electrode substrate design and fabrication

The active electrode substrate was designed to be made from 525 pm thick silicon / 475 nm
thick silicon dioxide wafer with dimensions of 8 x 8 mm. On the silicone substrate, the
interdigital structure in the area of 6 x 6 mm was designed. The fingers width was designed to

be 100 pm with a gap of 50 um between them (see. fig. 2).

Figure 2.: Interdigital structure design, its detail and fabricated gold active layer electrode substrate
The interdigital structure is made of evaporated 100 nm thick titanium layer with high
temperature resistance as the adhesive layer. The 250 nm thick gold layer was evaporated over

it to form the wire-bondable and high electrically conductive electrodes.

Sensitive layers preparation and deposition

There were fabricated three types of active layers: one unmodified (SnO, — 100 wt%) and two
modified with multiwalled carbon nanotubes (SnO/MWCNTs - 15wt% and
SnO,/MWCNTSs — 3.0 wt%). The layers were spray-coated on previously prepared active layer
substrate from 1 ml suspension of nanopowder dispersed in dimethylformamide.

Then the active layer substrates were annealed at 450 °C in vacuum for 48 hours to make
basic stabilization. Final stabilization was made in gas chamber at 350 °C. The stabilization
was finished after four hours under 500 sccm/min gas flow of synthetic air or 2500 ppm of

isobutane in synthetic air mixture changing.

3. RESULTS AND DISCUSSION

All sensors were characterized at 350 °C for the detection of isobutane in the range of

concentration from 50 ppm to 4000 ppm in synthetic air. The resistance was stabilized within
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120 seconds after each isobutane concentration change. From the measured data, the plot of
calibration curves was created (see Figure 3). From the results shown in figure 3 is clear that

the higher sensitivity of MWCNTSs modified active layers was achieved.
100
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= 60 "
n

40

20

ot
0 1000 2000 3000 4000 5000

¢ [ppm]

Figure 3.: Calibration curves of all types of prepared active layers and the photo of fabricated sensor

4. CONCLUSION

The semiconductive tin dioxide based or tin dioxide with MWCNTs mixture based gas sensor
for detection of isobutane was designed and fabricated. From the obtained results is clear that
the higher sensitivity was achieved using MWCNTs modified sensitive layers which allowed
detection of concentrations of isobutane from the levels of 50 ppm to 100 ppm in synthetic air.
The unmodified sensor showed the satisfying sensitivity of 8% from the 300 ppm of
isobutane. All three types of sensors could serve as the sensor of in time detection of
explosive level of isobutane, because the explosive level of isobutane in air is in range from

14000 to 83000 ppm. The selectivity of fabricated sensors to isobutane was not confirmed.
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Abstract

In-vivo impedance measurements of cells are the objective of current scientific research in
area of biological sciences. A problem that needs to be solved is how to measure extracellular
potential without causing trauma or damage in living cells. One possible solution is based on
nanoelectrodes that are fabricated due to current high technology level. The main goal of this
work is to design and create nanoelectrode with pair of gold or platinum nanowires using
standard thin-film techniques (micro- and nanotechniques) and high resolution ion- and

electron beam methods.

1. INTRODUCTION

Design and preparation of novel nanoelectrode pair was realized. Nowadays the measurement
of electrical potential in living cells is a very trendy analysis in the sphere of biotechnology.
The cells communicate with each other with the help of electric signals. Additionally based on
certain changes of the electrical potential it is possible to observe the reactions of living cells
in their life cycles or reactions due to various external influences. The novel nanoelectrode
pair has been fabricated for a short and also a long term extracellular potential measurement

in water based medium. [1, 2]

2. MATERIAL AND METHODS

The novel two nanoelectrode system was designed and simulated in software CoventorWare.
Sensitivity of living cells to temperature changes is high. In nanoelectrodes the joule heating
can increases the temperature of the sample or device as accompanying effect of large current
densities should be considered. To decrease the undesirable thermal shock the electrodes were
designed to be thermal stable against the current flow. The thermal simulation for nanowires
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was provided by software CoventorWare. Amount of Joule heating was confirmed by
calculations. [3, 4]

Designed two-electrode electrochemical system operates on the basis of impedance

sensors. Low dimensions of electrodes require a combination of micro and nanotechnology
techniques for fabrication. For the base of chip a silicon wafer coated with thermal silicon
oxide with a thickness 500 nm was used. Fabrication of base electrodes was realized by PVD
and lithograpy techniques. Gold was used as the base material for the electrode.
The preparation of vertical nanoelectrodes was provided by high resolution techniques. The
submicron electrodes and the mark for electron beam lithography (EBL) were etched into
gold and NiCr layer with FIB. The vertical electrodes were fabricated by electrochemical
deposition of gold into the photoresist mask. The mask was prepared by e-beam lithography.

3. RESULTS AND DISCUSSION

The vertical nanoelectrode system for a long term measurement was realized by
electrochemical deposition of gold and for short term measurement was realized by EBID
platinum. Fabricated gold electrodes shape is similar to a cone. It was caused by EBL process
when the nanoholes were little bit affected by proximity effect of electron beam. It could be
expected that this alteration of nanoelectrode shape would have no effect on a function of

electrodes.

SEM HV: 30.0 KV (T I I T TXE o T S ——— MRAN TESCAN

Viewfield: 380pm | DetSE | 10um View feid: 3983 pm  Det: SE 1 pm
SEM MAG: 3.64 kx | Date(m/dly): 07/24/13 Performance in nanospace [SEM MAG: $4.32kx  Date(midy): 05/10/13 LabSensNano u

Figure 1.: Details of submicron electrodes and the place, where vertical nanoelectrodes are deposited (left) and

vertical nanoelectrode on the edge of the horizontal submicron electrode (right).
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4. CONCLUSION

Novel vertical nanoelectrode system for extracellular potential measurement of cells was
designed and fabricated. In the first part of this work electrode system was designed and the
thermal influence on nanowires was simulated. The second part of this work was the
fabrication of the electrode system. Electrode system for a long term measurement was
realized from gold and for short term measurement was realized from platinum. The sensor

testing will begin in near future on living cells.
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> UmoZiiuje vytvofit a uloZit vlastni metody méieni.

> Maly (29,5 x 40 x 15 cm), lehky pfistroj.

> MoZnost propojit pfimo do PC bez nutnosti pouZit dali
SW nebo prenos dat do USB paméti. Export dat do Excelu.

> Kompatibilni se standardnimi kyvetami i mikrokyvetami.

www.eppendorf.com/photometry
www.eppendorf.cz
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