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Abstract

The utlization of a combination of fast-scan electrochemicl detection on a glassy carbon

Working electrode and flow injection analysis allows a rapid evaluation of biologically active

rganic compounds based on their oxidation. This approach combines the high sample

ntoughput o o methods wih informaton 2 o vohammery. Limits of quanicaon n
0
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In order to simplify the pre-treatment of the samples and the chromatographic analysis, the
sold face extraction (SPE) and all measurement conditions have been thoroughly optimized
s the next step, the method has been validated,
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[ Metabolismus katecholamind

Obr. 1. Metabolismus katecholamin

Experimentilni Sist
henick i, s » expriment puivané vo ade uvadend rici o rstl a o

Piprava sandad
Extral kctnnpﬂmﬁu( )
Priprava mobilni fize a chromatogalické stanoveni

Standardy

{6 sommtstin wybocled N (&) memmti by 3341 G-
methoxy-4-hydroxyfenylethylamin-hydrochiori droxy-
thorgberam sty siang ko vt sundurd (Slglmv&ldr\ch st
Louis, USA) Neptur UK).

Extrakee na pevneé fii
Extrakce byla provedena na zafizeni Visiprep SPE Vacuum Manifold (Supelco, Bellefonte,
UsA) pomel akuowd pumpy. Exikel Klorky 1 bt lomon wimisy bly it

vovi myty a to 2 x 2.5 ml roztoku hydroxidu amonného v methanolu, 2 ml
Tostového puru, pH 782 ol vods.

Poté byl aplikovin 1 mi vzorku plazmy s vaitinim standardem HMBA. Dalsim kioken je
promyt extrakénich kolonek 2 ml fosftového pufru o pH 7, poté 2 ml vody a nakonec 2 ml
Hepo.

methanolu.

Analyty obsazené v sorbentu Kolonek byly nakonee eluoviny 2 mi roztoku hydrosidu
‘amonného v methanolu. Elust byl odpaten pi teploté 60 °C v proudu dusiku, pro urychleni

1



datoin bly vz misin do temchiks Ml Bk Hesr (Lab-Lin nsuments,
o Bormba,Inie) Odparck byl ot rekonsttovan v 220l mailn fize. 150 I ook
bylo nisledné davkovino na chromatografickou kolonu.

P monin i a chromaiorafe sanovni

Mobilni byla
oyt Lv o, 1, Kk e ) plols wosconl Ll et 50
pomo ru WTW 526/538 (Wissenschaflich-Technische Werkstatien, Weilhcim,

Rimeckoy s ciondovou detrodou SCHOTT (SCHOTT AG, M, Nemecko) \isedng
toztok byl prefiltrovin pres nylonovy filr s velikosti por 0.22 pm (Membrane Solutions,
North Bend. OH, USA).

Pro_separaci metanciind byl n apsinos chromsoga Utiate 300 Saies
s s Uibiae 3000 Sis ACC-3000 (Themo Fishr Scienifi, . Waltam,
USA) Used sy > b deckren Colochem i
ki s = 7 delriia vknndlcmnabm e masveni 1o ot
poenil 400 mV (odl 0214 Cndioning Col) 2 3 ko v anlyicks e
Tt a 100 w2350 (50117 Fgh A Ca (55, Crlmton, US4

Analytcké kolona Kinetex XB-CIS 100 x 46 mm (5 ym) (Phenomenes, Torrance, USA)
splhsonon LEELC C18 4 ma 0. Colomn (s Kolons Bt syon. st

fize 0,7 miimin

Vysledky a diskuse
Vysledky validace stanoveni NMN, MN & 3-MT v krevni plazmé jsou shmuty v Tabulce 1
Vildovasjmi parsaoy brly opakovetenad, reproduloveida, incwite Syckvactt, me
detekce, mez stanovitelnost @ robustnost

e oot o sl epdoitit s o oo e
pijatelnost p Které je méné nez 10% pro opskovatelnost a méné nez 20%
b,

Metoda je linedrmi v koncentratnim rozsahu 0,05 ~ 40 ng/m a kritérium plijatelnost
=0,990)je splnéno pro viechny ti metabolity.

a120%
Hodnoty meze detekee & meze stanovitelnosti splﬂu]\ Kaitécium prijatelnosti (pro standardy
bez mairice: LOD < 6 py/ml. LOQ < 10 pg/mi: pro siandardy v plazmé: LOD = 15 pg/m,
100220 puinh

viti Tabulee |




Tabulka 1.
Visledky validace stanoveni metanefring.

Opakovatelngst  Obobhacen sk kreuni plazma

NMN:RSD.

Obohacend lidska krevr
Nictoda j lneari v danéim koncentratni rozsah (005 40 g

Kot tlysandads v b i b i
LOD: NMN = 0.027 nmol/l (6pg/ml); MN = 0,013 e (3 peiml),
3M1 ),005 nmol/l (1 pg/ml)
ok LOGION=006) ol (gl MO A S EAE
JMT-00i0mal Gl
Ot e
050 ol (11 gy, MN =004 amolt 10
064 nmol (13 pu/mi)
0077nmo|/| 1|7 pg/ml); MN = 0,060nmol/l (14 pg/ml);
mol/l (2

Mez stanovitelnosti
(LoQ)

3T - 0,098 o

MM -12PVK.

st G, Wlfer 4., oy T, 11 T, Bocomin .. Yoy &
Lenders J.W. M., Pacék K.

Pacak K : Feochromocytom. Galén, Praha 2008,

Pacak K - Habilltaéni prace. Univerzita Kaslova, Praha 2002,

Lenders 1 W N Pacak K Wabter M M. Linchan W M. Manneli M. Fribeg .
Keiser . R. Goldstein D. S. Eischofer G J. Am. Med. Asoc. 28, Jom et
Goldstein D, Eisenhofer G, Flynn J A, Wand G, Pacik K - Hypertension 43, 907
(2004)
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Abstract
A boron-doped diamond electrode was used as a perspective electrochemical sensor fo the
sensitive determination of amlodipine. Electrochemical oxidation_of amlodipine is an
irreversible process providing single oxidation peak at a potential of +0.75 V vs. AwAGCI
electrode in Brition-Robinson buer solution at pH . Using differential pulse voliammery,
th it of detetion s fourd o b 007 M. T method was sucesstulyapped o the

tion of amlodipine in pharmaceuticals with resul similar
reduce Addonally 4 belog eevance of h developed procedure was demnsied
by analysis of model human urine samples with adequate recoveris.

ords: Amlodipine, Boron-doped diamond electrode, Differential pulse voltammetry,
Pramaeonica ey oo o

Introduction

Amlodipine (AML) represents a third generation and long-acting 1.4-dihydropyridine

deivative, which is currently the most frequently used drug for hyperteasive patients

Concerning its adverse effects afler ingestion, some risk factors increase the likelihiood of

Therefore, pharmaceuticals containing AML

have to undergo a sirict quality control, which requires the development of simple analytical
biological samples.

Reen e rserh rvesls umerus s dsbing chiomatogahic metods
(usually coupled with spectral detecton technique) such a5 high-performanceliguid
chromatography ”, g chromatography decivqlursds ‘euml s ecphacmeey fx

e omas 52 ot mwnmg | implenenation coss gt
seliable, low cost and

simpler methods. Modern electrochemical mchmquu offr he T e o
Sy i, o Gl of i s o bl b il et

D s i s e T g s s is
S determination”
Moreover, single-walled and multi-walled carbon nanotubes have been recently applied a5
significant modifies in order 10 increase th electron transfe of AML from solution (o the
sl it ol S o Clr s Ml i f i iy o
(BDD) clectrodes is curr stractive due 10 low background current, good
clectrochemical sability in o A i i o A
fouling®

Inhis work. wo port o he eamtiono the etochnicbevirof AML 1 o he
developmen o & eve slocroalyical method fo he uenibeatin of AML 0
dloctode® The pratcal applicabilty of the method vas veriied by s
phammaceutical tablets and model human urine samples

"



Experimental

purchased from public) without
any further purification. Britton-Robinson buffe solution (BRBS) was prepared in an ususl
ey by miing o 40.mM of ol nescserycompnents phsphoric i etic sid nd oric

with ue. A sock standard
on of AML (1 mafy s b, Gtion 8 56 g o s s btns
sandad i 100 L. of mixtr souion of mthno nd eonoed vale i he volume o

10, When no g, it was iored i efgerator 46

All voliammetric measurements were carried out using an AUTOLAB PGSTAT 302N

terchm Al ., The Netitonds) ot lvmosi o by XOVA 19

electrochemical softw cell system was used with

L 1000 o oty s o e sk Al Yoty oS

Engineering and Information Technology, Slovak University of Technalogy in Bratisava) as

Working electrode, a platinum wire was applied as a counter elecrode and an Ag/AgCl3 M
o which referred

Sy ety (00) il il g vSisaiy T} s Wi B
mesigging the lcrochenical bahavier nd quaniicton of AML. The modiir
ghe modulation me of 100 ms withthe st pocnal of S m\ and e

DPV p
(LOD) was calculsted s three times the standard deviation of the current response for the
blank solution divided by the slope of the calibration curve. The standard addition method
ablets and

Results and discussion
Fig. 1 shows the CV votamnogras [ he sbseceandpsencs o 0.1 mM AML it BRBS

iuion i s saret o Pt f 1075 ¥ o, A Seade o e s
ponding reduction peak was indicated suggesting that the electrode reaction of
AML on the BDD electrode is totally irreversible.

o

J—omummnorms s
BRES i 3 k)

o]

007

3

= oo

007

B T T
En o ds 12

€1V, Aoach st

¥ 1. O wlimmograsof ) ank (SRES 515, () 0.1 M AML in BRES 781 5
onthe BDD electrode with scan rat of 101



“The usefulness of the DPV for

AML
 crent st concnrion of ANL st ctmized

constructed by plotting oxidation p

epermentl onditions. Fig. 2 depts DP vt recorded for additions of aliquots

of sandard soluion conining inresing concentaions of AMIL (fom 02 10 38 4M). 11 s
from 02106 M an

TS AR i, o Bt s i Gt o Vo s of %

sl o of e s G M ol pri o rm the developed
ethod ar in Table I The LOD was calculated t be 0,07 uM and achieved as a

Besihodotelgu i skl e

VoA

Fig. 2. DP voltammograms of various concentrations of AML (exyz). @) 0, (b) 02, (€) 0.4,

(@08, (€)2. (D28, (2) 4, (6, )8, ) 99, (K) 19, (1 20 and (m) 38 M in BRBS at pH 5

on the BDD electrode. The optimized DPV parameters: modulation amplitude of 50 mV,
100 ms and 1ofSmV.

Tleasa)

Table 1.
Analytical parameters for the determination of AML in BRBS at pH S on the BDD electrode.
3).

ethod ¢
Value

™ 1 lincar segment 2 lincar segment
Tntercept, nA. [ [
Slope, nA/UM 191 077
SD of intercept, nA 008 027
SD of slope, nA/UM 008 001
Linear range, yM 026 638
¢ 099 0998
LoD, 007 .
Lo, 025 5
ooy 36 .
RSD. WM ANL,

The effect of some possible interfering compounds usually present in human urine was
‘examined for 9.9 M AML in BRBS at pH S at the concentration raios of 11, 1:10 and 1:50.



c o it e i i St st
barbituric acid

S oF AL tarl anes o AV ot Sy Nevetes e o
inrences wee rocrdod i 50 excss of oo (snel hange of AL ah 29
accompanied by meaningul increase of background current) and 10-fold excess of dopamine
(50%)and ascri acid (40%) The signlshange of AML caused by 10-T0d nees of urc
200 appeard o be 11% i clfet ol be evalued s moderte Consequenly, the
inrtermce Sudy reveslod it the 5 f propoacd mehod . snslyss of Humia wioe
e conaning AML cold b imitsd Gcpending o the prsense ofparscul excca OF
some common urinary compour

The sy of hamcoin ublets nfordlle i e ki ol st

1o investigate the accuracy and validity of the proposed m

mvm S it L7 st F s of st S it momet
3 ot il ekl o ik ook of AML. As can be seen in
Table 1, he saisactry Tecovery vaues indicat ht Tt were 1o sgniicant marx

iterferences in tablet samples

T 05 oe
E 1V vs. AgiAgCl slectode

. DP wltammograms of analyis of pharmaceuicl ubes Cudlopin” vith desred
content of S mg AML using standard addition method in BRBS at pH § on the BDD
ectole The repectve sandard sddiions 10,20 nd 30 AL Co — 1 M, The opumioed
DPV parameters: modulation amplitude of 50 mV, modulation time of 100 ms and step.
potential of S mV. Inset. the analysis of AML by standard addition method

n
Andysis of phamacesical alets of Cadlop” (vith ddaed AML. conent o 3 mg)
spiked with standard solu =6

Added mm Standard Found  Recovery
) () deviation (mg) (mg) 6

o 5000 0036 Ga2=00m) 1041

10 5056 o014 (im£0012) 1013

20 s13 0017 (525620014 1028

30 0014 s2mz001) 1020
Conidenee wuenn[cv\lw-pmhmm!m B3 (7 o SO 20150

2



Subsequently, in order to examine the biologicsl relevance of the proposed method,
AL i T i e S i i et mm
 the optimum experimental conditions. In this case, suffcient recovery values

1057 % and 54 1% wert reached

Conclusions.
T bl M o i o o it
prach for the st detmingion of A  BDD diiode
ki s, VAt A ot ot Wi o b Vetaros

AN, commerl phammacasiat bles s madel e v sl To pncpe
advantages of the proposed methodology over chromatographic techniques are tht they may
e spliel (st B 5 wyde o Sohucai iy AML. it e sl
seprton o cample smple prprai. st 00 nefrnce o he excipens

h e obtained AML in model
o w6 el SRt S e s e ¥ o2
biological samples, however, depending on the presence of particular excess of common
il iy, ol oy o s m reits scconplihed n s
work, the BDD clectrode may find future applications as an appropriate and cffectiv
electrochemical sensor in drug analysis
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bitract
Rece possibies of modicton of mnparen sectodss based o indunin xide
d tn oxide by electrodeposited contings enhancing their electrochemical
il lcountyss e disusad i i work. Ortersd msoporous i md/ur
henicaly unctonazed mesoporous sics thin serve,
uiiaaion in $3id phae cxadion 8 prlecive layer f Ihe Secrods sufee 8t 8
foulng andior a5 molecular seve pemesble for small molesles and blocking e ones
A, g, ot | Tukuons s douswiepstlon f eyl S uelis ol
jered

o e it o A o et o o s
ere as well

Key words: Amperomery. Electrodeposition, FTO, ITO, Metals, Molecular Sieve, Ordered
Mesoporous Silica, Voltammetry.

Introduction
An'indium.in oxide (ITO) andor fluaine doped tin oxide (FTO) pertain to_group of
gt dciodesbsed on thin s of ondciors 10 $00: and Duorine doped
520 mspecibaly Sopsaad g, et sl Benbic plaic mpport g mm ©
her anpareney high condotvy, wids poreia widovw (Fom 05 up 10 15 V) and
sicaetoapcmial oo by, ey fund acielaplabiy i ccroren
ispley, it uncon windows, oo cels, st (iopensors Even tugh i
expanding elecroanalyical usagepresens only smallpercentage of their_overal

meumpion, misslanousaplcions e alady b devloed . O alies of the
mos il 10 s hve been wd i devclopment of vlameric and
amperometic melhods for e diret catalyic mm.. of DNA suburits **, sensi
determinarion of DAV ' and in DNA hybridization sssay

Fatemor 10 a1 FT0
sporous lics (OMS) in s, i genly offe misceleneons

appmmm i the fields of catalysis, membranes, nanocasting matices, electroanalytical
Chemisiy, iocatalysis and iosensing, phtochemisy. biomedicne. mgloculr machines
wironmental technology and green chemistry, as well as in energetic”. The OMS films
of

oy metls and othr postvly chuged molues . 1 sieves and i)
i Fouing of woking lcrode wrtice s of s
next to large componer Vireaver sl layers may be chemiealy modified (esafiedy
s gt o (unmmmhmd silanoles bearing ivacu'c Sk s (CH

N SH) though sl ks (eg. po =
Santosl s e taion sty ey R s o e ot
modified g e . Clck-chemisty in cese of




e Prussian Blue,
enzymes, oligonucleotide. protein) is another possibilty toenhanceelectrochemical
Properies of TG and FTO Nanor nwm schas g0 1 and s nanopries o s

sed
T e o i T o o homioa g e
modifirs (DNA. protens, anibodies, enzymes etc) at selesed surfaces. One of the most

With a respect of all the above mentioned benefits, preliminary_results
ectodepostion of ) OMS a8 molecular sieve st FTO iy OVS funcionaised by
mercaptopropyl (OMS-SH) for development of sensor composed of OMS with metal (Ag/Hg)
Sy ot s b of e OMS i T2, e ) e il (A5
particles at ITO are previewed in this

Experimental
Chemicalsand Marerial
A 10mM  Terehowsine  (TEOS, 98%  Alla  Aesi)  andor
(TMOS-SH) and 32mM bromide

(CTAB, 994%, Acros)disolved n 1:1 mixture of thanol (5. 95-96%, Merck) and NaNO
(299:5%, Merck) with pH 3.0 adjusted by 0.1M HCI (pa., 1M solution, Fluka) were used
aflr 235 o siing o sposion o OMSONS-Sil s 3 110 (CG-31X
Dela Tedmloics, USA, Fig 1) andr FTO_ (1CO. 10-10,

iz 1) 0.5mM solutions of Ruthenium s bt rlrxurmm’
SR Aldich, | Potassum ferricyanide I
@-Methylferrocenemethanol (FEMEOH, 97%, Aldrich) in 0.1M KCI (pa. 98%. Prolabo) were
used for OMS/OMS-SH film permeability sudies and ther analytica characirisaion. A 5-

(Ferrocenoypropergylamide)-2 deoxyeyidine (4C'") syntheszed by Balintova from Hocek
collsborative research group ' was used as St i e nuummmMs s
wilized s molecular sieving layer. Silver am articles w

o D10 KNGy (5 Acr)sionsonnng 1N f ANOy v SR Sl Cro
ey s HEON0SK 1 Mo i . St ity 1. B el (oo
~ 6% Ag (W) Nemeihyl-4-hydrazi robenzofurazan (NBF. for HPLC
deivaiomion 2576 i) s Seceabcntely i IO snd &t siver amulgan
1T0_ Al P @ em”)

obiined from a Purcla Oplmn Q from ELGA-

Fig. 1. Photo of the indium-tin oxide (ITO) plate and fluorine doped in oxide (FTO) plate
de of the red ova).

s Rudcmst sl POSTATIZN, Mo, Sl g o .
electrochemi The OMSIOMS-SH thin layers



potniostatic chroncapecotyusing aplie o 13 V.or 15V tng 20170
or FTO, respeciively. uilized three electrode system consisted of ITOFTO working
Schios e s st oot i s A e 5 e
electrode. Voltammetric and amperometric studies were performed using three elecirode
system consisted of OMS/OMS-SH/Ag-Hg particles modified ITOFTO working electrodes,
pltinum wie coner dloctude s siver e refece ecrode (AgASCIS o !
K1, Metohm, Swizsand) Scaming dectron microsopy (SEM) with aney cisperse
oy ovecroncns st (DR GC0 000 TEOR ) e o posim
(Wayne Rasband, Rescarch Srviccs Branch, Naional Insite of Menil Healh, Bethesd
Maryland, USA) were used as well

Results and discussion
NS oeclr et 0
Aot o S ol TS ol i i deviy e il
ioving olammets metric detection cules next 10 the large ones
S e ety e e ety o et M A TS
it g el pred P10 o el of il DA redox
Tabele 4C, which may ¢ poentally haymatally ncorporaed o the DNA steure
using bmchrmvul mthods e, primerextenion (PX),plymerse hin escron (PCRY,
was used in the experiments. And exactly the processes of these enzymatic reactions or
e of ineacion of smal moleculs colorans, i pul!mamx ) i gty
could be porentially observed/studied real-time. In_thes molecules.
(DNA/u\Igmmc\cwdcs s o) S e s i buin o fobles

iy it mhe . Saiseion of ML i oyls s
(CV), differential pulse voltammetry (DPV) and square wave voltammetry (SW) were
developed at bare FTO and FTG.OMS et diffuion convoled process and further g

imits of detections. Final uilzation of FTO-OMS for direct detection of dC" in the PEX
el Sl

ST i g bt e pres
Pt 0 deposit a nano-layer of silver, mercury or Ag-Hg at the bottom of OMS nano-
m-meu 1o connet their meﬂu\\ ‘Secmokenica ropeies nd Biied ooty of OMS.

e ey vy TEOLOMS.SH (il ckonties s v depostod o Ty hams 0
stong inieacion of the mercapio-group wih the metals, followed by i) washing and
i ITO-OMS-SH (n proer
ution and certain applied deposition .‘Dmm Nty om0 ot ) st e o
muliiply a thickness of the meta(s). Amount of deposited metal could be further esnmmed by
‘anodic suippng analyss of deposted meal(). In 1his case, Ag and Hy. were stdicd
separately, but it was nforunatly found, that both selected metls are o deposted n
sufficient number of the pores, to sgificantly enhance any analytical property of ITO-OMS-
SH. Moreoverdepsiton o the el et o B et mtalsoluton s
TTO.OMSIONS-SH, but the smallest suficinty sable unt of metal nano-paricles in
Aot i s e Pt st o o s S ki
destroyed by deposited particles. However at the beginning, electrochemical beh
individual metals was stdic by CV and snodic stiping linarsca vollmmety (ASLSV)
at 1TO, FTO, ITO-OMS, FTO-OMS, ITO-OMS-SH and FTO-OMS-SH. It is obvious from
the Fig 2, that electrode significantly influences electrodeposition and anodic issolution of

3



P th and dred on the

i i o h ety e S reduclmn nd oidive o sl of the

mercury in first cycle, while no reduction sinal was obser washed ITO (due o need

o osty s sueaion sy Ovuined el wee e oAtk
17O presented

@ B}

w O

45 ) DS 0y 03

Fig. 2 First two CV eycles (1" n color, 2 black) of 100 M Hg® . 8) ITO-OMS-SH 20%,

b)ITO, ) ITO-E(OH in 0.01M HNO;, scan rate 50 mVs

Elcodepositn of A, Siver amalgam (AgHg) s the most converent alemave
lecode material o meial mercury in dlcizoanlysis Unil now ey bulk, ponder
el

S et o At L e e
developed simple and sy utomated decirochemicalprocedre of A Hg prepaaion wis
studied. Such a be advantageously used for preparation of Ag-Hg macro-
electrodes with high electrode active surface, microelectrodes, working electrodes inside
microfluidic systems and of Ag-Hg electroplated supports with the im to eahance their
Jectrochemical and also optical propertcs f

‘Au-Ha objects at ITO surface were done form 0.IM KNO: electrolyte containing varisble
concentatonof Au, nd B it wic re well kbl n vator o ghccacenttons
g

and do ot lead 1o preci it el Bl T bl
o Dmm e aeloion applied
Seneme g1 Deposted amgam t TG was e clomicaly e physicay sndied by

caning cleciron microscopy (SEMD lowing hergy dspese X-my specroscopic analyss
L L e

such as, e um!nrmny‘ size, density and dusmbuumv m the At Al s parameters
had 1o be during optimization of the pr e parameters such, overall
o 5 o ot i e L i declcpetio
e e
influen s e
ves Tt st o i o s st Stamtas 1 S e
found i bethe most signifansparmeters inflening Gl ety soe and dsbtion of
the Ay Wheres wide mutal o of Ay’ Hy’ s i the ngeof 25~ 55% o)
contained il 60:5%
70: T st el wnd Sy e mot sl o of -1 oth aponly
e size i densiy of - sperical portils wih e Lrger ha 400 using
meters (00IM Ag +Hg' . 5% Ag’ (wn), 0.1 KNO,, i -LOV, 1, Soms,
bt prepared Ag:Hg at ITO (i 1 30min), was tisted I volammetric

25



detection of NBF using cyclic voltammetry and compared with bare ITO. CVs at Ag-Hg
showed bt chrge transer (narrower peak) and essier reduction of NBF (potential oot
170) proper

i 9SS e sty o Ao ¥ sl Mo el
character of the Ag-Hs and actvity of surface plas e further used in optical
o s . e e, Daeon Bt R

Conclusion

There are plenty of possible varieties in electrode modificaion and it is orly question of
speic aplicion 0 sl nd optinized the most conveieone, Delopmen f ich
enltn sty e e et ol it o devlpin, of vl g
St v v o fyni s o] B Sl Gicoonig V)
cluifed processes taing place a specifc inerfices, Connecton of these decrochemicl
s wih optal meibods e S peomety, flurimcey s 1o b ey promsing
exciting approach in the feld of analytcal chemistry.
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Abstract

Dual amperomeric dtcion presets an nrsing cancsment of aetochenica
n flow ombirnation of two electrodes in serial or parallel arangement
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Uvod

Amperomeick Gk v zném uspolidin i uirae sé s nisto s ek
technikami v pritokovych metodich, zejména v HPLC, nicmént i v této ovefené oblasti
s it vEins vasanty & konbigens, Wi uncbn e bonkriet aplkace depit
ety i, Jodue 2 e vatindJs oo § il smpoitis ok, K Jo
analyticki_informace vysledkem kombinace signdld ziskanych na_dvouelekirodich,
usporidangch paraleind & séiove vzhledem K toku mobilni fize. Popsané uspotidini

rojové vybaveni
Typické prisirjove vybaveni pro tento typ detek je tenkovrsiva prifokovi cela, kde je
jedini deektni elkizoda nabrazens dvojci lekirod. Jich tvar je obvykle diskovy * nebo
pisovy *". nicméné jsou popsané i jiné varianty, jako napiklad kombinace podkovové
diskové elekirody *. Pro vyrabu lze pouit jakykoliv z béznych pevnych clektradovych
materiali. Komerené dostupn je sada tvorend pirem i ctvefii elekirod ze skelncho uhliku,
vyribéni napfikiad spoleénost BASi
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potencidlem ze sledovaného roztoku reakei na E1, co zmenuje interference na detekéni
clekirode E2
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chmmn\ograhckm st stanoveni nebo komplexngi zodpovedét Kladené chemickoanalytické.
otizky.

Potskoni

rice by fnar

ato podporovand Grantovou agenturou Ceské Republiky (projekt &
ooty



Ly
1 Hou W, Wang E.- Analyst 115, 139 (1990).
3 L o Elecugmmtyas 6 1126 (558)
3. Schieffer G, W. Anal Chem 52, 1994 (1950)
4 Williams C. K., Koppang M. D.. Electroanalysis 15, 2121 (2006).
5. Roston D. A, Kissinger P. T Anal. Chem. 51, 429 (1
6. Cesar Paixao TR L, Richter E. M., Alves Brito-Neto J. G., Bertoti M.:J. Electroanal
Chem, 596,101 (2006)

René A, Cugnet C., Haucharda D Authier L. Sens. Act B-Chem /74, 225 (2012)
MacCrehan W. A, DurstR. A+ Anal. Chem. 33, 1700 (1981)



ind Limi o Astimony- Mo Carbon Pt Bsctrodes
for the Devcrm ination of Trinitrotolucne, T?

ke stanoveni trinitrotoluenu (TNT))
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tract: Antimony films plated ex-si onto carbon paste subsirates consisting of cither
prr i o (SOF-CPE) r  spcil mixure from sy

used to NT)
e conbmaios i tsorpoe cabatc e vty (el i i
P3, cach on
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condions, i measuremens wers canied ot n Briton-Robinson bulfer (H % g
3V vs. AYACH inear
ivaion s v o 1 ekt T o 105 o T e
accumulating for 180 s; the detectability being dependent upon the choice of peak for
iy omm were estimated as follows: for P1: 85 g L', for
P2:43 pg L, and for P3: 121

Words: Antimony film, Carbon paste, Glassy carbon paste, Elecirode substrate,
Stripping voltammetry, Trinitrooluene (TNT), Calibration and LODs.

24 6-initrotoluen (TNT) je jednou 2 nejrozsiendjiich vojenskich vibusin a neméné
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Zikladem spéchu v ESA je volba vhodne pracovni elektrody; Po tto ucely byly sudoviny
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Co se tjte zde prezentovancho prispévku, je v ném poprvé popsino vyuiti lekirod typu
SOFAGICPE a prot dossiend visldhy — 8 v sy bvchi s mlou dopmci
K dalsimu rozs clekirod v organické Meré
Jo dosu s spodick, ek b konsniovia v3ie

Experimentilni Sist
Chemiklie a pousié roztoky

Vicchny litky pro pripravu a roztokis € béhem mifni yly amlyicé ity
Zisob rorck 34.rnitrotoucmu (TNT) o koncentrai 1000 mg L7 byl pipeaven rozpu-
i odpovidciho ol lky acelonicil Proppr animoncwdho i it
byl pousit zasobni raztok b soli (éistota pro AAS, koncentrace 1000 + 0,1 mg L, Sigma-
Rldbehy. e by e dl pcy. Brion Robinioni by ki sichanim. romok
0.2 M NaOH a smesi 0,04 M HNOs + CH:COOH + HiBOx na pozedovanou hodnotu pH
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Voliametricki mefen widena s elekirochemickou automatickou stanici AUTOLAB
(oode SPASTAT 30 Exceme Utrecht, HOL) fizenjm software Nova 1.10 (Metrohm
Autoleb BV, Jekirodovis ini byla_pracovn_ el Gis ncbo

e[ekum 2 prskovdho skhého iy ALY -acr) Ag/ALCIEM KCl byla pouzita

Pracomi lekirody
Bly zhotoveny dva typy uhlikovich past, prvni 7 nich standardni smés, oznacend jako CP
a drubi pasta byla ze specidlniho préskovitého skelného uhliku s kulovymi Sasticemi (GCP,
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D e S nadbytkem

5 (vA). Tento substrt byl take testovan pro vylucovani filmu antimonu
+ Fokenos & kwfgm\cc SOF GIPE skauina nz gt TNT. Sl vik o ol milo

Pred vylugovini animonového filmu byl povrch CPE popt. GCPE akivovin pf potencidlu
40,5 V'vs. Ag/AgCl po dobu 30 5. Antimonovy film byl generovan ex-si v roztoku o lazeni
0,01 MHCI =5 mg L' Sb™ pi potencidlu -1.0 V' po dobu 60 s pro CPE 120 s pro GCPE.

pracomiposogy
TN b deloe Ei o psog ikachl (ST ol
rampou v rezimu_square-vave (f sy gl =d )
ot v Bt Romnnplt 01 9.k oy kbt P o
k. navmaovi, . probial  mich s o poenify 03 Vv RIALCI ()0
dobu 605, popt. 180 s, nasledovala viazend doba Kidu, t = 10, jix bez michini. V detektni,
rozpoustéc (sripping) fiz, byla zazmamenivina Kiivka v intervalu -0.3 V az -10 V vs_ref.
ks b Py ey Vo e o bl e

Mezi jednotlivymi ziznamy obvykle nebylo providéno elekirochemické &siéni povichu
lkirody s wlowten e, bl hpu il ket ¢ < 05 mp L
nebo phi opakov S¢ovini. reprodukovatelnost, byla takova Tegenerace

rovidens ph oencits .0 pe dob 305 Numifens sgnily by zamameniviny ok
imnly s, I . V4 B3 by whodsocoviy pomc] i spskovendho
software a zpracovivany v programu Microsoft Excel

Vysledky a diskuse
Pi hledini vschorich experimentlnich podnminek a pisrcjovych paramet bylo vuito
isleded s poroviad 2 e i s BIF-GCPE 2. Unode experimeny e s

bér nejvhodnti clekirody pro detekei TNT v B v puftu (pH 9,0),
jmenovité a) na CPE, (b) SbF-GCPE, (¢) GCPE a (d) SbF-GCPE.
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e vich Sytech pipiech byl moiné ot (i eduknich g, PL P2 4 P
chizcjici se pii potencidlu Epi =), Nejlepsich
iedkd byl dosatons s Konigrac s CCPE 4 SOF-GPE, ke viachny th il oy
doble patré (Obr. 1). Po testu na reprodukovatelnost méfeni byla nakonec zvolen varianta
SOF-GCPE. (V predehozi poznimee uvedené konfigurace typu GrPE a SbF-GPE se vibec
neosvédeily; problém byl u2 s konzistenci a soudrznosti samotné pasty a po nékolika
Sty probl Sl
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Kalbrsoe v ezmesi 01,2 pm ssomtnd e O, 24 adpoidcssivomies pdun
Po 0.1 ppm TNT a provedend pri 0 na SHF-GCPE nabidla pomemé dobe vyvinuteé
repoutic iy ro ichny o redukce Bt vl ey by it
ceny takto: pro PI R = 0.9

Obr. 2: SWAGSV a kalibracni ivka pro detekei TNT v inter-valu 0.
SOF-GCPE ex-sin, testované v Brtton-Robinsonove pufiu (pH 9,0).
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Ther are usd many nethodssch rsl-Gime PCR and etophoresis n molla by

and bochemty which are based on ilizaion of & oarcscentdye Sybr G

ibares Suasmon ot Teuhe a0 TRUA 2o 7. e, S5 38 . S
Ine DNA double helix and

uroove of dsDNA. In behavior of SG on a

method was used in measurements of SG interactions with DNA at the PGE.

Key words: Sybr Green I, Pyrolytic graphite lectrode, Square wave voltammery, PCR.

Ovod

V molekulirni biologi je pouzivino vicero metod, Kieré vyuzivaji k detekei nukleovyeh

Kyselin fuorescentni znaten a barveni. Jako konkrétni priklady lze uvést barveni geli ' a

Ko DA e tmlsine FOL ool s Seie G 1 (. ) 86 1
planimi molc nuklcoye

Lo ity mabtaos ko veain 5 waiss B, ok fe 50 4oy

Komplex SG s dsDNA vykazuje silnou fluorescenc

el bt (550 ok poed Sy

koncentracich diky vy inten rescence . twdiz vySSi cillivosi stanoveni DNA.

Flektrochemické viasinosi SG, esoi v interakei muvm ebo mikovanou DNA

v
T o, sote . vt () 1 oy peLt gaBuovs oo (PO 4
néslednou analyzoa interakce SG s DNA na povichu PGI

/

(L

Obr. 1. Chemicki struktura Sybr Green

Experimentil
Taso vtk Sy Gren 1 o iy Sigma-AIdrc by e v 0.2M ssionén puf
PH 5.5 v poméru 113000 a 1:6000 . Do uvedeného roztoku byla na 60 s ponofena PGE
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v tomié# roztoku zmétena SWV za nisleduiicich podminek: positeéni potencidl -1.0
frekvence 200 Hz; amplituda S0 mV: potencidlovy keok § mV,
e o ASAECIEN K

Poutith DNA bla amplifovion PCR, = bkt neuizoindho pii 0K
Produkt PCR byl diouhy 987 bp. Reakeni smés pro PCR obsabovala ve 100 ul § ng
empihont DN 2 imery TR 8 87 300 TP 10 Togplymerey Resken
probihala ve 30 cyklech: 95 °C/15s, 35 “C/30's, 72 “C/60 s, PCR produkty byly pictisiény za

por

4 jejich koncentrace byla zméfena - spektrofotometricky

spekirofotometru (NanoDrop Technologies. USA). Takio priprasend DNA byla adsorbovina
ce 50 SG.

Vit a dian
1 SWA s, neprve studoval oxidci SG ma PGE. Na voliamogramu (aii)
Pere B I i 55 . ViR o s S e
ety e, poorovaijame endenc pokles sk ik SG 5 vy s edénim
SG (v obrizku nejsou ukiziny vSechny méfené koncentrace, resp. fedéni SG). Soucasné jsme
orovali mimy posun piku SG smérem K positivnisim  potencidlm s poklesem
Koncentrace SG  roztoku,

= = ~oleio
» —e-5G 142000
56148000

6 —— 6154000

+-5G 160000

M52 SWY VAR T A S Ot POR Wl D 43 el
Todiného SG  aciiovém putts (200 - 600 fin st otk SG),po 0 s byl
métens

e Green | 50 ks do KDNA pokud o v skt s ponér ki a ol
SG (dye/base-pair ratio, dbpr) pod 0.2°. Pokud pomer biz a SG molckul prosihne 0.2 dbpr,
vze richs Mk S5DNA. Stcking orkcn s b sl i
(predesim G-C_bohaté oblasti) mohou vést k polarizaci_interkalitoru. Elektrostaticks

' ami DNA a Kladné nabitgm SG vedou ke stabilizaci

iousroubovice DNA.



mezi dsDNA ads mne v

i kG

¥ e prici jame se il ma momost i oxdnnih signi SG k detkeiinerkee
o ‘G G pi MO

Je patmy rozdil m o

77105 V) G8DNA adsorbované na PGE  ioené 1 60 do ok S 1 K.SG kmem
0.95'V). Pozorujeme posun piku smérem k vice pozitivnim potencial(m  narist proudov
odervy, ted Tro <iekty mohou bt vyvaliy akumulact SG ma povrcha

clekirody na ziklade intcrakee s adsorbovanou DNA. Pozitivni posun potencialu piku SG p-\
mize so interkalaci molckuly SG. Pik A™ odpovidajii oxidac adeninovich bizi
Kolem potencidlu 1.35 Koncentraci § )

o

r. 3. SWV voltamogram interakee Sybr Green 1 a s DNA modifikovanou elekirodou. Na
PGE byl naadsorbovins nativnt DNA owiselnd abuon o & Uoneemas PRA S0
ngl). poté byla elekiroda omyia a ponofena u 3000x sredéného SG
o e 7o oy s do i ek 03 M st po. i
55

Ziver

Predbézné visledky prezentované v tomto sdéleni ukazuji. 2¢ (1) barvivo SG_poskytje

Db lkiochemické adace doe yvinuanodieky pk a PGE, o () o sgnl mise

byt vyusit pro studium interakee DNA se SG na povrchu elektrody. Dal3i experimenty budou

Venouiny detanim sudu chovini DNA '8 'SG na PGE. pii rizmich Koneenratnich
mérech,

Podéko:

ini
Tato price_vanikla s podporou grantu GBP206/12/GIST a. instituciondini  podpory
RVO 68081707
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Abstract
In_development of immunoassays for biomarkers of such diseases, the availability of
secon highly

i in-house labelling
procedure for conjugation of antbodies with CdSefZnS quantum dois (QDs) based on antigen
modifid mgneic icopatcles sening a0 solid nchor. QLISA based immunsensrs
sl igher senstiiycomprin o ELISA based iossas. Al i ca of abelng of

atbodics with alkalin phosphmesc (ALF) we prscet 8 Sumplo verficaton o sbeling
proocol effciency based on dlectrochemical detechon

Key words: antibody labelling, quantum dots, electrochemical immunosenzor, magnetic
particles, ELISA.

Introduction
Inmuncusays s s ELISN mthods s il used o quaniive deminaion of
s biwcive protins ey e 1o sy and iy o et s
Gallergens, toxins, tumor markers ctc) % " Dl thos iaibolt e hn::d on specific
" ich could be
i 5 s e Koty ROt Tix i some s o
antibody labellng s horse radish peroxidase (HRP) * Senitiity of systems using HRP is
fimited. Especaly for anlyss of tumor markers the use of other sufable Iabels s at the
forefront ofsientiss

Alkaline phosphatase is suitable altemative in ELISA based biosensors reaching high
iy . ooy i Woesiog sl mifie Soaitolieed et o

semiconductorranctystls with 8 orhll s and  iametsr it ypicaly nges
from 2o I iy wod s sl m antgn anibodyniracion . The e of
QD5 insend of widly used neymatc abels may save the ime of nalyes and cost of st

Noreover QDs made of variows heovy metls cble he simulancous anlyss of more
biomarkersin one step with minimal peak overlap

In i conribuica we preset n ffcent i-huse abelng prooel o it oot
conjugation of antibody with QDs vi  antigen modified magnetic microparticles
T sl 1y s Sasebomt vt ot S tag Sy
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Fig. 1. Scheme of antibody labelling procedure with use of antigen modified magnetic
particles an detection

Experimental

B G G MBS O B S

Firsly, magnetic particles were modified by specific antigen ApoEl by

immilzion procedure in pesence of N3 mmummnpmpywm,xm\.nm.m.de
E 06

revenive o by e anion Mlodan i bl papets o, AR, e

T Vo e it o o b

R amecoons et v g . Sl Sashon o O wah

proceeded also by two-step carbodiimide method with EDC:sulfor-NHS rato of 1. Afier

Evemight incubaton s 4°C eicent caion of tarset corjugates (- APaES™ 4C) by use
0.1% tifluoroacetic acid cont.0.5% SDS was performed.

Se 708 by square

Labelling efficiency was verified by square wave anodic stipping voltammetry a5 detection

tehngue Frcionsbefos,alr and washing factons fom mmobiiaion were aralysed

. sl o o B ot o, Vo s, Gt v insd
i 0 1M HOLin ato sampleHCI 1040 . Afer 3 mimie ncabaion 1

H

conditions were cond. potental 0 . cond.ime 0 se. dep. potetal -1 V,dep. i 120 e

potnia rng rom 0.9 10015V, reguency 20 and ampide 00385 V. Pk gty

o Sl ot v bomp The Ml f et il e (0
antigen binding bility) was verified using antigen modified

pres
rliehg

Labelling of ani-HEA antibosies by alkaline phosphatase and electrochemical detection of
o phasphoase 1LF) by spre wane olamery

i s MG ol s e b e ot i i

lier of commercially avalable Lightning-Link®
pr Phe!plmase m e Bmsmence Lid. Cambridge, UK) °. Funcionaly of
(ani-HEA"

okt by amHEA TG oty — HEA anign (03 ) immuncccmplex which way
visualized by addition of anti-HE4** 14G in 0.1 M cubonebffer i 54 connig 01 %
BSA and 0.05 % Tween-20. §
e g e e e
aminopheny phsphac (PAPP, 3 mM in 01 M T iCI it 89). The destmchenica
detection was performed with electrochemical analyzer PamSens (PalmSens BV,

3



NSt i s -l s DRB S oo
workin m_diameter), platinum ausliary and silver pseudo-referenceelectrode
oo, Spdn, Parumas of voliamnetic echniue were s Tllowing g
from -0.3 V10 03 V. step potential 0,005 V, amplitude 002805 V, and frequency 20 Hz.
Encyme aciy wis moomied b 1 resoning te pesk helgh cvloted o ey minte
and potenial 0.045 V.

Results and discussion
“The main aim of this work was development of an eficent protocol for Iabelling antibodies
by QDs and ALP used as an essental part in immunoassays for analysis of biomarker of
il o el M) e et Gl it ol s el
chosen specific secondary antibody labelled by QDs (conjugate) andior alkaline
St ot ALE Wi, e wmm:rcm”y uvmln!ﬂc i for commation i
anibodies was used. In case of QDs conjugation the model system comprised of anfi-
SR v s ot e St s

Problemaic step of labelling approach which consiss in mixture full of free fraction of
St Gtk it s s i B o nels
i with the arget
ot g R s, Mot i e ooty b PRl vt
immunocomple omtion wich bringssnotherbenfit. s el we chisine lblled
secondary antibody of desired with
ol 1

QDs labelling efficiency was verified by square wave anodic stripping voltammetry as
detection technique. Fractions before, afler and washing fractions from immobilization were
Sl s il e 9 ol oo, o e s i, Ti e st i

st g n 5
il il byl pbiljembal gl by
m:gnenc i cwcparicdes wid ken 580 et wi vl F pecgarad s Aol
ranging from 20 to 150 l. Conditions of electrochemical detection are speci
T s Tou ks comatis s . gitos (g 35 omenial
verification i the only option how {0 se the optimal conjugate amount for Following analyses.

ot e

Fig. 2. Optimization of dilution of antibodies labelled by CASe/ZnS quantum dots Tn-house.
labelling protocol, verification by square wave anodic stripping voltammetry (SWASV),
ding of peak 07V.




Effciency of antibodies Iabelling with ALP using commercial conjugation kit as well as
Chiai1 ssjopus LS il by s W ey by o & o
mmed afier enzymatic. hydrolysis of substrate_p-aminopheny!
pho&phm o s o i el e v the optmized
nended by supplier, anti-HE4 1G antibodies were K

emmlvmnrm of camprised of

‘was formed. Magnetic microparicles as a sold carrier for anti-HEA immobilizaion
et uid or beter mapion, Cosogte luion aning fom V500 0 1300 w
feid, i 2 shows that it /1000 was s 1 be optimal ith g 10 e cconomis
aveninge e htoms 1300 nk 11000 s comparet

Fig, 3. Optimizaion of diluion of niboties lahejled by akaline phosaise. Lieling
protocal by use of commercial kit, ver square wave voltammery, screen printed
Frn ecuode snory esoding o psk gt gt D4 . Bseshon of e
‘wave voltammogram for conjugate dilution 111000 (lef)

Conclusion
Novel in-house labelling approach for preparation of QDs conjugates for QLISA based
biosensor for biomarker quanification is presented. Electrochemical detection serves as
efficient detection tool for functional verifcation of prepared conjugate. In additon, alkaline
S vkl gy el o s Nt B, niiently
labeling kit was used. N for QDs P

wilization of ALP.
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Voltammetric Deters n Meniscus Modified Silver Solid

facloj
Amagam Biorede
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Abstract
Volammeti deteminaion ofInidscloprid was s using DC vltammery ©CY) and
differental pulse voltammetry (DPY) at a meniscus modified silver solid amalgam elecirode
(m-AGSAE), Opiimal conditions were found fo its determinatio in Brion-Robinson (BR)
ey S O e o e 10 0210 oL and 110
410" mol1" for DCV and DPV. respectivel

Key words: DC_ voltammetry. Differential pulse voltammetry, Imidacloprid, Meniscus
modified silver solid amalgam electrode.

Introduct
Nooicoiotdinsescides are synthetic drivatives of icotine, an alkaloid compound found
in the leaves of many plants, ' These are insecticides which act on the central nervous system

insects with lower toxicity to mammals. Imidacloprid s the most frequently used
insecicide from the chloronicotinyl sroup. * It is used 1o confrol sucking insects, some
o skl et e e o et e vones Toud Sy
RIS B . SesioBle o 1 AR 8 o o * For its voltammetric
detection  based of i decromyicl

et e deveoped.on radivonal secodes. * Modern mmw based elctrodes
presents new

QM5 Shiors - pyicinymet Nt midaslidiimine) s preared by issing he
Rewry Nomber. 1383614153, PESTANALS, 2oyt g

el s daoviodt e B ae i
vl Decilzad e i pidesd by s MO i s o
ed from Lachema Brao (Czech Republic) in pa. puity. All the
Aot i sgad st sy s picaom

The working electrode was m-AgSAE with diameter 0.5 mm, reference clectrode was
Ag/AgCI3 mol 1 ' KCI and ausiliary electrode was platinum wire. The polished silver solid
amalgam deiode was immersed o s smalvoume f i merury and e for 15
seconds to form m-AgSAE. This process, denoted s amalgamation, was repeated every

weck. ABcfnm:lnmllgme it ek e o s AGRAT,te et
activation was carried out in 0.2 mol I' KCI inder sirring of the solution for
S o o Tt W B Afoed it ok o SR e S




ate of 20 mV' s, pulse amplitude of ~50 mV, pulse duration of 100 ms, sampling time of 20
100ms

Results and discussion
Behaviors of Iidacloprid on m-AgSAE were explored by DCV and DPY in the range of pi
212 of Briton Rebinson bulfr. At opimal i 12.0 and pH 9.0 for DCV and DIV,

respetvly, sgnl ity was cheskd o s of iy messremnts  he rsene of
T fration of Imidacloprid. No significant effect of passivation of m-ASSAE was
found and dhis working oo could b used illou ey peimiaary regoeson of
wereused for
i the concntaion rangefom 110 10210° ol with DCV nd iom 110 fl03107
1wt DRV see P 1 Accrding o the e st ol bl DY S X
e il o s plaon m e ot
100
10umol L
)
B 1000 1200

Emv

. 1. P volmmorums of Inisclopid (o 20 ymoL” 0 10 ymol 1% n Bt
Resinion bt i the electrode.
pip e sy i el

Conclusions

The m-A2SAE showed good and sensitve response towards Inidacloprid with reproducible
resls without any srfen pasivaon This it ARRAR b 5 e s o
the  determination of micromolar concentrations of this substance, as the limit of
deteminionvas o icslrlev o ot v voltammet ohmiquesand sty

the determination of Imidacloprid in simple environmental matrices such as
ki matfceand et vt
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idation of Nucleie Acids Bases and their Analogues:
a Brief Overview
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Abstract
Nucleic acids are known as electroactive biomacromolecules containing electrochemically
sl or oidizbl consitents. Nulohass ytosine, S-metyloyosine, adnie and
lctrodes. Oxidation
of all natural nucleic acids bases (in addition to the above mentioned ones, also uracil and

lgmed it o) e it electrochemical properties tha differ from those.
of th prnt bses and can bo tilizd o deemin the iven ubstanc nthe prsence of
Skl i o8 ot Somponent

words: nucleobases, nucleic acids, electrochemistry, reduction, oxidation, synthetic
analogues, structure

Introduction
1 s b Known o decades that el cds (NAS) ar lsrchericalystve snd can
be studied by a variety of electroanalytical methods (reviewed in '). Apart from catlytic
st o sogr o 3 DA SN < cpe s dearodes, whch i actally nt
specific for 1 st o rtssbenialy sl G mey -based
T of el (ol o swon cearos i s oo N4
s iy Aechomsivts bl s o oyttt B
oo el b e ooy e
ihen x 0 o e b b devloped g vl oo for gl et
ot of okl oot | e o - v I, % ke
iy alioasiviy o acemal mockechase, o wiliionof e sy oo
resting rom sbsittion of e e o g e e P o
deazapurines *) represent potent allematives for detecting DNA damage or in applications
imaing plymerse chii racions (in which by eximal roups may aflet the
amplification effciency). In this contribution, reduction and oxidation of natural nuclecbases

omaf aaural mulebases ¢ cirodes
Ranine (hy md o (€ . meversbly e . mrcury ad s amlgam
clctrodes in th region nfrzhmvd bl e ol epending on codiions b
sy mors negsiv hn 13V vs AUAGCIBM KCl, il potnil s in s pper
ven agint s reerence lcinode in acidic or neual medi (roon donors such 3
mmorun ons e e redacion preses el 1) . he iy edcion sie
inC

(Fig. 2) Free nucleabases or nuc\cduscx . homopolyncieoides produce.sepaued
reducton

comesponding reducion ignls more o fss overlp, depending on ncleoride sequence o
‘ONs composed of homoC and homoA blocks the C and A reducton peaks ovelap o low




extent than for mixed-sequence ONs; in these instances, the overlapping signals can be
resolved by elimination voliammetry with linear scan * ). In natural NAS Isdction of b
nucleobases contributs to a single, common cathodic pesk CA ' Recenty i
repores e S-mthytosine (SmC; » produc o pysclogia methylsin of cylmme,
sometimes the epigenetic modification involv
eeton el iffentaon) DA o VDt prchealy the some
il G Cosmite (5 e 8 3 e el ol i i sl Gy
aalled pesl  prefer using denomination ,peak G'** 1o avoid con
e e bl oo G uma«.mmm
(C0) whe sfficienty pgaive verispoenial s usd 10 allow G eiction i e
double bond (Fig 1) The resuing product, 78-dihydroguanine, i subsequently idned
back t0 G, yielding the peak G

1t s becn i ta signl du 1o ilcobase reduion o the regaively charged
structure via changes
e Vel ot tte Tt 2 oo Aeovle i e
ek somnlel (0 THA 0 pimiy sobeiin i o€ (0G4 B Ll f )
re brid i he doule il imeior (b for C.O st n i, 1) making the Wi
ik bas-pired C or A cecroehemicaly lent. On the ofher han the N7-Ci ofineis
velaively well-accessble 10 undergo th redox process a the HIMDE and yield o G
Inin GUNA T o DAt o e o) 0 e mnd
foogsieen pair (such as in guanine tetrad
s iy 15 e N7 s e it hydrogen bonding and oty of o
respective group for eduction at the electrodes is imited

i 1. Watn Cickbas par GC and gunine e, Black rows inise C-N doule
uring reducible groups i the nucleobases, empty arrows show primary oxidation

Tt

onof aturlmaiobases ot carbondciredes

At carbon electrodes, all DNA bases ca iz s smong he, purity G snd A
produce analyically i mmumb]e axidaion signals, peaks G
Tespectvly | Onidaton of purinebass,pariculrty of G (xhbiing the fowest pmmm of

axidaton among naural NA cws\vmcnls). n b chsrved under vl wide
In gen

positive
V(Azmuls o o 3 5nd 1 o A7 s s O and e RS (s
I purines are oxidized a potentials by about 250 mY more posiive). Primary oxidation



S o s oo 1 B T ) ot OB 2

of the purine moieties, respecively (Fig. 2), some recent observations nevertheless

hat C8 in A could be also involved in the oxidation process (these dbservations e

clecochemica betior o Tdesapurnss . s beow, 0d the spposimatly 211 i of
b i

e byl Spiek o In ahese ooy Se e pimry
oxidation sites of G and A are located in major (C8, Fig. 1) or minor (C2) grooves of the
DA e i respciviy, and this relaively el sceesblo m DA, he dlex
DNA smcture nflences ntensity o comesponding oxidation signals only to limited extent
Neverhtes Tomation of & Gatruplet s has,bee demonsae 1o sh he
potental o G cvidaton remarkaby 1o mer posiive vaes”

All natural pyrimidine nucleobases e, €, SmC, thymine (T) and uracil (U) have been
reported signals at All pyrimidi dized
more positive potentials than purines (~+1.2 V for free pyrimidines [our unpublished data]
54114 ¥ o s DA A o oo o ks el s
e
e o R X O s for amino in € and SmC or i for Tand U) O s
nC coud n prnipe
eyttt Koo ghithbe il g ot
S and T ke s spprosch problemate (due 1o excess 1 T resdc i ol DA
sequences)

Oxidation and reduction of synthetic analogues of nucleobases
Tdeasapurines (Pu*, T-dezaG, G, and T-deazad, A*) are synthetic analogues of purine
nacesbases i Whichthe N7 aom s replaced b CH sroup. Due 0 hs medification. the
P clobase re bl ofHoogstoenbas paiing nd thus ffomain of e and

quadnuplex structures *. This property is uiilized in some biochemical applications such a
e i sin of st I Gt i St s
amplification reaction. We have shown u* bases are oxidized at carbon electrodes

e g et
Aw, A, G o & o
\N a NN

gw \N' m: bl )\N

Fig. 2. From left 1o Hgm adeine; s giamine sod 7Azazaguanm= Empty
armows indicate reducible C=N double bonds, black arrows sites of oxidation according 0
ey arrows other

“This makes the oxidation peak of A” coinciding with peak G™ due to natural G, On the other
B th G i oz o peial e psive ths o ] NA compont s g
e o 4 gt lshincis ks, compulls i PO plioions |
Primary oridaton s ofPu buss ave ot been ienied y but smilar i
wiraion o o N7 o e xgon pochils o bl s 6 s v sy e
i b s s th iffrent roup ofson may be voled i the
elec Reduction of A* at mercury electrodes gives an irreversible signal
bty o s & wAIE G B o B




analogous o that giving rise t the peak G " These indings accord with the factthat Pu®
rsidues dflr o el purne b the bsnce of N7-CX doubl bond i the izl
5 bt psss detial s of s i the ytiidine g, Ancher urine deratve
on rodict o oxidie DA dmage 0 ok of oxidine
), cins teowochnica pudeicn o dhos i ¥ Tt posiive compare
i the presence of

As another example, reduction of cytosine analogues (or coresponding nucleosides) at the.
mercury electrodes can be mentioned. Flectrochemical reduction of S-azacytidine (az2C, Fig,
5, an inhibitor of DNA mclylunstirases e 44 an pigenedc moduaor 10 nduce DNA
h)pm)vcl.h)hnan %) was studied " and a s ibiag S e NG
ditions clos  hysiloin the potntialsof the tidin eduction peak
b of a2aC difered by 0.36 V (for seaC bing Jews negative, wich was suficiet (0
dcirring bt compounds 1 thee ixure, I odMtion, ot econ preliminay dea showed
. Fig 3.
used in epigenetic sudies ") to undergo reduction at mercury electrodes at considerably (by
more than 00 mV) less negative potential

5
s L
.
5
i jy 5l
s

Reduction and oxidation of nucleic acids bases and their synthetic analogues provides a
paete of st analyical sgnl for varioussetoulyicl appicatons n the aea of
DNA structure studics, PCRrelated applications and ar s based on nucleobase
derivatives.
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Abstract
LL37.37 pos s
i il b sty sy, b G paive s o

T the utlization of

mpeancs
spocoscopy 1 iavesiate the (neracton of LL37 wih various phospholiid. yers.

pedance of the membrane in the presence and absence of LL-
s AyAGCl 1 mol dn > KL LL37 shows 10 mmcm lmcmcllw vl porc
However, LL37 shows a small interaction ant
s san i V8 ayer-Out s g h sl o shout g ko
membrane active propertis of LL-37.

y words: Anti-microbial peptide, Electrochemistry, Impedance spectroscopy, LL-37,
Cathelicidin

Introdu

Th T i st b e sl et e it allows igercrgaisms
S e gy 15 B o oo st s g s have reveled
ihe impriancs of smal aini pepides, whih seve s i o Ay
samed sl pepids ey ac s ffcor ol of he innte immune sysem and
are mainly secreted by ph d epithelal cells ™ Beta-defe

the major aimicrbial pepe n marmmalan i, nd i exeessioncanbs ndced by a
skin injury or inflammation *. The human cathelicidin family consists of a single member,

L7 LL37 (LLGDFPRKSKEK IGKEFKRIVQRIKDFLRNLVPRTES) is composed of 37
amino acid residues.

In vitro_conditions, L 37 inhibits the growth of a variety of Gram-negtive (e
Preudomonas _aeruginosa, Salmonella ontvarim, £ ool sod Grm-posiive, (e

Sapyiooccisaureus, Sephylocoets piernis, Lisria moocyogees) peis in the
(mieromela rnge of pepide concenaion.LL37  acive against iy mporant
o of Gramnegaive wropathogens (08, b acrnginosa AK!, Kiebillspreumenia 30,
periodontal (e.g. Actinobacillus actinomycetemcomitans, Capnocyiophaga). and common
vound pubogens (goup 4 Srepioeocss) Th High emountsof LL-17 destd in sy
il els durng infocten snd cpeialy in prorsic sin ledons sggeet
“oncentration of LL-37 elfetve in virg omesponds with he concentrtion fmmd nyivo. =
additon, LL-37 is also implicated in angiogenesis, wound closure, chemotaxis etc. "

T G DU O O SRR o A T e, 1
hereas
b oo g U o i i




poshusigiand 0, o s Tl heghuioychaias DOPC) i wed 6

miae the cukaryoic and negaively churged doley! phosptaidylgycrol (DOPC) and

17 A ot sl 1 it he pacitl mecbyane, Al so7buens 8 o it

phosgholpids exiaced fiom soybeans with an_pproxinate. compositon of 25%
cephalin, 25% and small amounts of other

Dhospholpds from sosbeans. Approximately 4% of the fy acd dlams in asolectin are
saturated, 14% are mono-unsaturated, and 62% are poly-unsaturated " In this contribution,
membran inferactions of LL-37, the only human a-helical antimicrobial pepiide from the
cathelicidin family, are studied "

Inraion betveen LL 37 il thre Tt Pl model meniranes deternined by
decrchepicl methods ‘" especially by electrochemical impedance spectroscopy will

el S5 These fndings. will be welol o Furher sletochemical sy o he
e dhr ot

Experimental
the interaction of LL-3

e oy merbrnes he cc e cpeso of o il s e Thee
columns represent the intracellular and extracel ents were
ted by two Teflon parts with holes, between which the polycarbonate membrane was
it o sz of 0.2 ). Thsceres e pacd ot bl n et o s

g
3
2
8
2
-
:

e (o dhom wiom el it SV s bt ettt
platinum wires s ausil ry/\wrkmg electrodes). i Setobe
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{ogeher withScanron 1260 mpedocofsin-phas analyzer S, UK). Inpedance dta

collected in the range 0.1 Hz to | MHz. Each impedance curve consisted of 120
s poiis. An decsochenice dta Trom EIS mesourcments wer salyacd using
Zsim 321 software. The voltage -0.1 V was applicd in all EIS measurements, because we
vaned 1o gudy theinesions under th condons very sl o he real bilogial

Resalts and discussion
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e The e R fepescs the Sciolye redsance, he paeliel capacior C;

nce o e supporing polycarbonse membrane and 1 parle

ive resiane, The prall combinton o th capsir . and the
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Fig.1.
onthe polycarbarate support

Mo ineraion of LL-37 ith DOPC (usd o i the ukarytc cell membrsne) vas
cted. However, LL-37 shows a small interaction with the Asolectine and  significan
merton wih 3 IB0A laer I the <ot of i Asolacin 3 cholne head govp o
Skoapiate s, Wik ity O By MSOC i it { ity i and
being an unsaturated fatty acid are presented . While vhewhmdyl:holmcs are found in
ckanytc cls.
ible chas
S LLST i id A an il membrane component of Cram-nogative e 6. ssed
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Abstr
Nnmrll DVA lstonctiity i wide s n dciohenical alysis of s nicatons and

plid redox
i o from utlzed bl in s Tk s somplenes of et Whode il

x s (Os.L), which produce with DNA electroactive covalent adducts. Prime
reaction sie for Os,L is C~C double bond in pyrimidine nucieobases. If is 22" bipyridine.
used s g, ecion s speific for singe snd DA, In s conibuion il be
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p— Al L e S ok )
elekirod analyticky vyuZitelné r0 nikteré ypy aplikaci (napF. senzory pro analyzu
idenidorien sevench nenat tio Sgndly dosiebaon speiin. V15 phpadech ¢
jako vihodne s vrost redox akiivitniho znateni DNA *. Jednou 2 nejstarsich metod
Py st DNA o il rekcs s bompleny aids el s dudiaymi ity
{08)} “OuL mialy uplunl ko sekvoskanni
elekirochemickych senzort hybridizace DNA 'V pfirozer ot je ek g
72 Yorida (g gl QoL il s e T o

s nenasycenymi C-C vazbami). Vanikaji kovalentni adukty, které jsou
ektoaktvn Podsans méné reakivi 150w ytosnové shyky 3 panoné bise Joou
prakticky nereakiivni.

Tyto adukty poskytii na uhlikovyeh elekirodich, VISt pak na elekirode 2 pyrolytického
wrafita (PGE). nekolik reveraibilnich voltametrickych signall v disledku redukcelovidace
v el Sl i Nl s PR ot s sl ekl ol

Kkdy je nezreagovany rahovin 7 povrchu elekirody pomoci organického rozpoutédia
No visc mucové knpk(we lokode (MDE) sudovng sty poskyt oot
faradayicke signaly jako na PGE a dale pak signal, kiery je zpisobeny katalytickym

ikovinin oty poutchu HMDE o sl e o ro vl cnhve stanoveni
Kromé nfhlngi vyusivandho by, o jao L pauit Fado dalich bidennich
hundu Jikojsou 110 emntln, bahot e dtonovd yslnn. ecsupron
siiatencints o Vs Tt e mh gty
ik gt vaAoge . Tobt 2wy o omsnis clbtochemickihs
senzoru hybridizace DNA pro detekei vice sekvenci v jedné molekule cilové DNA . V tomio
Sinkiks lios pmedry ioly dekumeiets wulfey s Onl.
syntetickyr
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postidigrstion ke poms omploxyoxd osiéldo 3. bipyridine (0
159) probital vo.vodiich. povanyh rosoceh. Produky modifkacer ke byly

i poina Sikmaly < rtains e, TRy N 0oL
extrahovin zpa\'mhu pmnl_aclanty opmicin. mepibics ¥ Viechna
voltametricki_méfeni e s A
e, Homngikc) ¥ ot selekxmdwym systémem VA-stand 663 (Metrohm,
s Svjcarko) v hlektrdovi apjen. sko raco lkirod bla pouiita PGE,
Teend oty 1 A UM KA o pombeni ekt ot nony . Aross
ovidias ndscapial. plemcesio rogpouliel vallostri s veucenen provedhifin
napétim (ATS SWV).

Vysledy a diskuse
Jednim 2 prkladis chemické modifikace nukleobizi mohou bt 7-deaza analogy purinovych
(7-deazaadenin — A* a T-deazaguanin — G*). Ty nadly uplatnéni napiiklad pri PCR
amplifikaci G — bohatych isekl DNA, kdv"whmmnun atomu dusiku v poloze S dbranie
tvorbé guaninovych tetraplexi. 7-deaza analogy purinovych bazi obsshuji podobné jako
pyaidinevé biee. sukturml oty (C-C vasbu) reaavel KOS (O, 2). Lao by
redpokidn. 2 o T-deam oy budas rskr K ORL. Reskivin A" 3 G k Osboy
byla nejprve testovana na séii modelovych ODN o abecne sekvenci AJX (X =
A) Kokt bl sl st LTS WY o4 O Nowengooen O
2 povrchu pracovn elekirody extrahovin pomaci isopropanolu. hkvvmyvazvys\:dkbwchm
et obh G . A, podotnd Juke koo ODN. cosahaig T, poskytat

voltametricky pik @, ktery e specificky pro tvorbu adukiu DNA s Os bpy * Tyto visledky
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Obr. 2. Strukturmi vzorce thyminu, 7-deazaadeninu a T-deazaguaninu.

Ziver
Pomoci AJTS SWV na PGE bylo prokizéno, 7e 7-deaza analogy purinovych bizi mohou
podléhat modifikaeni reskci s komplexy oxidu osmicelého. Touto reakei, podobné jako
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Abstra
Difecsat lesrochemically acive spies e etd fo abling of DNA pites and
Geecton o DNArotn binding, e he DNA'prebe,aomsinosdo beig o cong
peclic binding sne of the PS5 proein were chose, They e labeld citer via
chemal msifision of e standed () ohgn(@T) DNA. tals
v i o ool ety iy vl e
nd democlensde. wghosphates modficd wit o letochemically reduible e
Electrochemical detection enabled 1o discriminate between sequence-specific
specific pS3-DNA binding.
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Introduction
Vool Sl wASOLIGHY Sable 6 S GG, g
experiments with tumor suppressor protein ps3 using various DNA substrates or probe
e el ot el e e s
been successiully applied in DNA hybridization experiments. Our recent work has revealed
applicability of analogous principles in protein-DNA interaction studies as well. Recenly we
bl g DIV o Ll s ol s oo i) it
n oxcosniun complex ', In frher e eling of D!
b T redor DA Iabt g and bnsoiaen T wee choes o s
[essanigdiulioarlfoopr ikt ey e il
a2 mercury lcrod,they ield edutionpesks. DA, probes were bl by iopteny
and benzofurazan s vsing, eminal sty mnsfense * (1T
ey gl i s
i T o i 0 e o e e TR b 2 e o
data show that DNA tail-labelled by TdT is convenient for binding experiments with tumor
Jsthe DN prbes ortep53-DNA bidig, ool gomltides
one bearing and one lacking specifc binding sie of the pS3 protein were chosen. For the
DAkt bmdmg s vl Inroduces) magaotc bead Imeereciptaiio ey ©
ed and th. Fecovered tisbelled oligonucleobdes wre anaysed g, cyolc
ity o rmig mes g ekt BRI

Experimental
Tailabelng ofolgomcleordes
odifcaion o olo4T) DNA s with o eroide, 22" ipyridine (055i)wes
conducte as described ' the ther approach, dATPs modified with ciher itophenyl or
bt (4578 st AT, nneired nd L rovied b Pro 1 Hocek
R Prague) were used for tillbeling of two types of singe-sranded
raamaeoidos coinys o i 15> ingshe. POM o noCON) by 4T The
rescton mivure contined 3.6 M ss oligomucleoide and 1.8 mM modifed ATP, the




reaction was conducted at 37 °C avernight and the labelled oligonucleotides were purified
using Nucleotide Removal Kit (Qiagen).

e binding
i beads immunoprecipittion assay was used for the protein-DNA binding The pS3
o v e wih By 51101 ety and bt for 30 it on e Thn e
il DA pibee 8 953 somaliploss s 31 s ot ol estel
inutes on ice. Reaction mixture ashed magnetic beads covered with
s ot ke o 30 iy w10 . Ollgnbonts s ot Yon 9
magnetic complex through a 5 ibation a1 65 °C in 10 1
of 0.5 M NaCl

Hlectrochenmical analysis
Cyclic voltammetry at a hanging mereury drop electrode (HMDE) was used for analysis of
the released til-labeled probes. DNA was accumulated at the lectrode surface from 4
Shands i €04 OF v . el ol 00V, sl sl 105V, o

sl 00 V. scan e | Vs, sep potenial $ mV. The Osbipy-modifed probes were

Results and discussion
5 gt oo ey o DA Gt & yode oyl 008 ¥ i v
odic

siolie Gl 118 ) ¢ b otk bl T Now il 05 Y s bos
Tabelled with GALATE o cthodic ek typial forbenzefrasan o 09 ¥ for o
Il with AATTE cold e htcuad i 5 e o of DA po s

from e magneic besde I P 1 dpeing P23 bindin v bssofnzn beled s we
o e ek gl e e g i DN e POAC) s ighe o
the peak gained for the nrm!vcﬂﬂ-; probe (10CON) This difren

bl gt ek s g sieopica pek
O i s cae ety akas s OISk ki s s ok
‘sained for the nonspecifc probe (10CON) (Fig. 2)

Fig 1 f ON and PGM1.

Benzofurazan peak is higher than the nitrophenyl peak for both sequence-specific and
nonspecific DNA. binding which is caused by the fact that benzofurazan undergoes six-
electron reduction at the mercury electrode * while nitro-group, under the iven conditions,

s



caly 8 fourlcton etuion . Tis fsurs maks 3 moreconenient el fo DNA
labeling as it is better detg kil i £ G gkt il 5

netc beads lewvheny\ el e ol morssppree s et the
seque aonspecific. DNA. binding lberefos it might b more usel o the
e e o e Y B TS I o S W oo blafing
is stronger to probes containing pS3 specific binding site which corresponds to the known
binding specificty of the ps3 protein.

I

)
Fig. 2. Binding experiments with nitrophenyl labelled probes noCON and PGM |

Conclusions.
Tk pos e e o e DNA s, ol o it i
newly benzofurazan and itropheny, or the detection of protein-DNA bindin
ATE nd APl ablled ofgomicleondes 5. DNA s m Mslblc -
binding Both labels, after
magneic bei bused immunopreiition ining expeiments i oty et
increased binding to DNA probes bearing ps3 sequence-specific binding st compared o
Dhx s ling s ste although in the cse o ivophen lablled probes. e

difference in binding to both probes was more significant. Benzofurazan labelled probes
yielded higher peaks therefore this label might offer ower detecton limits
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Abstract

Differential pulse voltammetry and eyelic voliammetry at a hanging mercury drop electrode
DT ot 5wty e st of el it 25 0V it e shnien

DNAin 0.1 mol L' PH 40 (AB)

CEMV i i o g i vt FINDE. Mortovr, the covation
pendence of MV DNAin AB

be used for the detemnination of DNA, based on the fact that the peak current of MV is

decreasing with increasing concentration of DNA in solution

Cyelic voltammetry, Differential pulse voltammetry, DNA interaction, Hanging
bl ey

Introduci
Nt vioe 2B (MV) belongs o the roup of triphensImethane dyes. They are used in
ape dyein, s nks snd pH incistr . For e bciriialsnd fngiil oftet, ey
are also used for medical purposes . Triphenylmethane dyes are potentially harmiul
umans, m thy antheis meaboles may seo bl s fonpelis
s " the use of some of them s liited by laws. Therefore, invest
- mmrhw\n‘g\u\ s ot oo of e oo bt mithe
environment ! s imporant. Trphepyimetane dys e lcrche
15 posibl 1 tudy and delemi 1 thom g cecrochemical melbods (fr the schem of
reduction of MY, see Fig. 1)

R
>=<:>~N{<‘ +2H + 26 —= >—©be2
o ch ® oHy

Fig. 1. Scheme of electrochemical reduction of MV. R represents a phenyl moicty

thods for detction of | ofits interactons.
with organic mn\ymmds 16 Modem s A SR vy o o
St e gt sy, g, o™ ot e shed

Using cyclic voltammetry (CV), it s possible to predict the mechanism of electrochemical

reducion of MV and 1 check whether th iracon of DNA with the sudied substance

Differential p is a useful ool for the basic:

1o tcin. oL Y S ik osag o A of 1 pss St a8

o i ol P T feres o e Y e S 5 s
O DNA (7x4) can be determined




Experimental
sk st S ] . weeoperity s oy (5510 Y i,
Germany) in S00 mL of deionized F the stock solution was moniored by
UVVi speccophotgmeiry (speccopholomeics Aglent 8453, Agilont Technologes, USAY
I our recent study . the optimum medium fo the volammetc determination of MY was
found o be Briton-Robinson bufer pH 4.0 whereas 0.1 mol L acetae bufer pH 40 (AB)
was used n this present study for a simplification. AB was prepared of 2 08 g sodium acetate
byt (., Lach-Ner,Czech Regublic)and 489 m.aceic acid (p ., 99%. Pnta, Crech

v ek etoad ater o b M Pls sy (Mnnpm Dy e e
AL lowss concnsions needd e prpard by diuton o the ok soluons it

e water I xSt obervise oy slaonswire soned n glos bl n e vk ot
Pt

All voltammetric measuremens were carried out with an Autolab PGSTATI0 potentiosta/
salvanostat connected to a Metrohm 663 VA Stand (both Metrohm Autolab, Switzeri

trode system with AgAGCl (3 mol L ' KCI)reference electrode (Flekirochemicke

Detektory, Czech Republic), a platinum wire auniliary electrode (Monokrystaly, Tumov,

‘Caech Republic). and a multi-mode mercury drop electrode used as a hanging mercury drop

“The mercury drop I . the scan

rate (1) was 20mV s, and
used The potentiostat by the NOVA L1
St AL potl. o wlend 1o e shoremiiond slomes pwret

“The general measurement procedure was s follows: appropriate volumes of the MV and
DNA sk soluion weremessred no a volumetic sk il w with AB 10 100
L mixed nd rnsred o s vlummetic cl, Before cach messremen:
sy s w0 g Gty e 40, Tt Coms Bt romm.. e
ime also for equilibration within the interaction of MV, Ani

in the cell. Al

s moshas

Al ltammosruns were messed e s, and ek curet () und ek ptnl ()
s o e e dependences were calclated as arthmetic averages

s bt peaions wee cated g e g 1080
et Corporuion, USA). The it of qusntifcaton (L) vas calultd sing
the equation L~ 105, where s is the sandard devition of the lowest messurable

Results and Discussion

Study of the Violr 28 with DNA Volanmerry
Hectochenial feviorof MV (05 10, 50, and 100 umol L ) in the prsncs of DN
(1-476 pgmL ') was investigated in AB. The concentration of MV did not affect the tren

e it s e Ey and I (see Fig.2). The addition of DNA to the solution
of! of i) shifted the £
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Fig.2. Dependences of f, (A) and £y (B) of MV (05 (O), 10 (M) S0(k) and
100.(2) umol L' 0n v in the measured soluion. Measured using DPV at HVIDE in AB.

ookt 28 nthe Absrce

L iglbemineitish Were investigated in the absence and
prsnce of DNA for MY mnc:mmnms 05, 10, 50, id 100,molL,  and DNA
concentratons 3 pgmL ' " The scan rate was: 5, 10, 20, 50, 100, 200, 00,

o0y s Pt of s dpendencs e oz Tl 1

Table 1.
Slopes (with ranges of scan rate used [mV s '] gven in round brackess) of th dependences of
thelog () af MV (05, 10,50, a1d 100yl L ) n thelogvinthe bencs d prsece

ey
e i

o s 100

100 063 (20-1000) 055 (10-1000) 053 (5 - 1000)
50 065 (20-1000) 050(5-1000) 049 (5 1000)
10 075(20-1000) 047(5-1000) 047 (5 - 1000)
os 06420 1000) 049(5-100) 048 (5-200)

From the slopes o the dependence of log (/) of MV on the log v in the absence of DNA, it
educion is boh ads

In comparison to the slopes obtained in the presence of DNA, it can be concluded that
the electrochemical reduction s fTected by the presence of DNA in the measured solution

@



s ifuion conole ugestin it h iTsion cofcient ofh s forn of MV s
larger than the one of the complex of
i o oA . Aaveos Sl Do the Dcrese o the Pk Curen of

“The dectease of the pedk current of MV (1.0, 5.0, 100, and 500 ol mL) caused by the
oo oD e it 6 ot bt e oL DN
(L1000 ) it ko Thetepmtne of A1, (s et of e pc
Coment o MY i e s A and of the peak curen e

s ki by he cnwton (1, whre 4 1 & g and 13w et T rom
ained o indidun concentaionsof MV were compared 10 fnd i one wth e highest
sensiiviy, the wides concentration range, and the lowest Lo

Aly=axlog it b [0
For the concentration of MV 100 ol L, the reative standard devation of 10 repeive
measurements (R5D) for o~ |pgml | was 122%, and Lo was 077 pgml. For the

common,of MY S0 umal L, the RSD Tty gl was 133% and Lo vaa

btined wibin the DNA cncenirion age [ 1000 gL 7 o coneenaions
ind 50 umol L, the concentration d:vtndcr\ce:nrcmﬂmur Th refore, they are
nol ,mmm Tor e determimaton of DNA aquecus solutons. The optimum concentrion
« deermingtion of DNA's 100 umol | (se Fi. 3, Paameers ofthe calibration
Curvs are summarsed n Table I

1Al

i8.3. DP voltammograms of MV (10.0ymol L") in the absence (0, dotted line) and
presence of DA (1 2. 10, 20, 50, 100, 200, 300, g 1000 (dashed line) g L >
Measured using DPV at HMDE in AB. Inset. the dependence of the Al on the 10 7,

e 1L
T e lon depnlees of Jipok MY (00, st 100pmol L)

o the log 7y (1~ 1000 pg mL. ) DPV at HMDE in AB
Concentation of MV Slope Intrcept © Lo
[amol L") [nA] [nA] [pgmL ")
50 =7 Si5a 00897 077
100 650 Er 0031 074




Conclusions.
‘The effec of the presence of DNA on the valtammeric behavior of methyl violet 2B (V)
was investigated using differential pulse voltammetry (DPV) and cyclic voltammetry (CV)
Using DPY. it was found th the presne of DNA i the messured soluion caes the
he peak current of MV (0.5, 10, 5.0, and 10.0 umol L ), and the peak potential
e e T oot 20V o it e o
Sl 817 C o et B e oo o o il it MY 08,
10, 50, and 100 pmol L") in the range of scan rates 5 - 1000, e shene of
DA hreoton s both iffusion and adsor i Saslet . 4 oot oA
Somd 1000 gl | - th redcion s conroned b difsion. The st concentaion
IV for the indirect determination of DNA was found to be 10,0 pml L !, with the imit of
anitonton I gl
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Detection in HPLC
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Ahle dlaue i CHEL v b moslied i nemcaront o v
developed. I spproact opper
e CFMES e amployed i HPLC clocuacnomio dosston of cubabydrss wite
bismuth conted CEME was used o deteet nonseridal aniandrogens miluamide.and
futamide.

words: Metal manostructure, Carbon fiber microclectrode, HPLC, Saccharides,
o o

Introduction

b can be uilized as highly
snsive :leumchcmucl! doestu, spocally s HELC, & (howv\ in our previous works.
ihan carbon ones. Thereby.

o s b i CPoAEs s b AR wih et
I The ki it 5 g i of e i s i
ona CFME

pu
oot Th tehaigus ppets o be vl oo to motl anosiuers om condig
substrates i general and on CFME in partcular. The dimensions of a carbon fiber part of
CIME (i ongh, 7 i i) sl o v gerion of o v sectde
tip into a narrow-bore capillary even afer the modification with metal nanostructures. The

e o e ot e ek o i S Ao Mema e
mechanical stabilty, superior (0 other electrode materals of similar size.

vemely gl mel microwtes. We demonsirte tn appoach o te cxample of spper

antiandrogenic drugs nilutamide and flutamide afier HPLC separation

Experimenta
e stndards of the tested carbohydrates (xylose, fructose, galactose, glucose, sucrose,

sodium hydroxide obtained from Fluka (Fluka AG, Buchs, Switzerland). and radient-grade
sccontle (LabSan, Dublin, rdand) wer et reprs the mobile s Copper e
m dameter and Bi needle (99.99%) were purchased from Alfa Aesar,

99,99
o oy

rocedure for microelecirode fabrication is as follows: the carbon fiber s glued using
ot e iy EC10: Pl G s oo it o B pton
e cared t 150 ° for 10 min The e withcoppe conac atached id o the glss
capillary, about 10 mm of the fiber is left protauding from its contracted end. Both ends of the



capillary are sealed using epoxy resin (CHS Epoxy 1200, Sindat Pilsen, Czech Republic).
i s s, o i o o W s i ki
of the lcrods s brely sniaed in diciosnethane, For modifesion of sl
e gl i Sty o o e g oo
Sliapurs wates (WHpers)somnined i 25 s beer CPE vas placed 1 cm apart
from copper wire. Copper wire was attached to the posiive pole of a regulated power supply
AL O v st i st i Tl sl o e e sttty we
the desired level for

he HPLC syt conisod o an ESA st pum (odel 5821 (ESA e, Chlitort,
MA, USA) with 2 pulse damper, a Rheodyne manual injector (Rheodyne, Cotati, CA. USA)
caquipped with a 10 L loop. Eléctrochemical detection was performed using an Coulochem
1 ESA coulometric detctor (ESA Ine, Chemsford, M, USA squipped ith & CFME
ol & iy chisaigrglc s Daaipes Eapi, Cach el was v
chromatogram recording. The samples were introduced into the system using a glass
Srnge (Hamilion Rena, NV, USA) iwLe xeparmemufucdund et b el
 Hyporathprous i colamn, 100 2. . Themno Fishr S, Walthan
MA DS) B ermerada androgens & 18, 3. (1503
U sl o, 1 Bl oo W o T sk o s
PEEK™. The mobile phase was vacuum-fltered through a 02 um porous filte (Supelco,
i, A USA) od dopased by el spuding belrs s The fow i v
025 ml min ' The temperature of the HPLC column including connecting tubing and solvent
rsenol was mananed a1 45°C using  Techab K2 themosat oy oo
il potential for chromatographic_detection was
e 500 o 300 B ot s <o VGRS ol vy AT,
respectively.

Results and discussion
‘The deposion of metals was carred out in a simple two-clectrode cell, with metal (i ..
copper o bismuth) anode, CFME cathode and Millipore water as electrlyte’. I is to be
xpested thattheapled pognal (1030Y) s sffcint 1 induce oxidation of opp and

uth d Bi*
s e sive comssponing byroides, eventaly varsfored by
fuer Dy ewions, 1 aeews n i cue of B whee Viemuyl bydide
@0 s fomed s na product. The slubiity proucs of CuHD K an
BIOOH, Ks. i he masimuy csncnrin of s
clec lmmdu:\wnl he o v 6 -1 T-10° ol g o coppes and2410° m
BIO" wiith, togther wih he soence of he wpporing decraye duig th depsi
e K o i e S o r n
of smooth o arger
T Bt 2 i e, o . i e, o S B
e ythogen bbbl e (o e catiode s ceable it the aked sy dng
the experiment. Hydrogen may take pert in the reduction process as well es may contribute
towards. keeping the formed.layers in the. berbor gy by b v
copper and bismuth




"SEM image of copper nanostaucture on carbon left) and chromatogram

Fig, er
dcaide mive i e romscgan: L, vt 20 .5 . ACN3S
mM NaOH (3/97), E=500 mV vs. Ag/AgC]

SEM image o bismuth nanosirucure on carbon fber (ef) and chromatogram of
wiluamide/Mutamide misure (1mg/ml, pper: 20 . 5 . ACN/2S mM phosphate bulter,
PH=10 (5050))

‘The performances of modified CFME in an HPLC setup were investigated using a model
mixture of three disaccharides (sucrose, lactose and maltose) for copper coated carbon fiber
while two nonsteroid antiandrogens (nilutamide and flutamide) was analysed on bismuth
coated CFME. The modified CFMEs were directly inserted into a picce of PEEK capllary
‘connected 10 the outlet of HPLC column. For the separation of saccharides we used graphite
i, it . sl e oty of e el oo, il et
2 hus o e s o dtion of cncmireed hydide sl This

the
i of s s oot T 5 gt oy T s bt
alkalinisation of the mobile phase) is eliminated. The HPLC separation of ilutamide and
Autamide was performed on ordinary C18 column. Fig. | shows the chromatogram of three
disaceharides (sucrose, maltose and lactose) detected using copper coat at+500 .

'um i for disacharides whie lss satsacory deteton imits (10" mol dn') were

mdon o o
(Flg o b o Do e CEMES el Tt e vy 3

withinruns,



Conclusions.

Rapid response times, high sufaceares, adia iffsion and the gusraneed eltrica contct
with the carbon fiber substrate ensured by the electrochemical nature of the nanostructures
ormation Jead 10 icresed asalyieal stily o fabricied manosicured melaloosicd
CPMES.
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“Thiolated Cali
Electrode Surface
jolovan) na povrchu

polykrystalické 7laté elektrody)
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Thisstady desswiththe s ofGied calaren (CLA) a8 gold dlcirod modifes one

o in combinat

e Desorpton potena o ol CAA shd S ae s 1 depon, e

deopion paks can be rscrded inbasi soluions oy, The propaiesof the mdified
lectrode were invesiigated using hydroguinone — electrochemically active molecule which

S dde e CIAIA cavity Obained deta sugust that the Slecrochemica

b

Key words: Calixarene, Thiols, Gold electrode, Voliammery.

twd

ixareny jsou po cyklodextrinech a crownetherech A¢jmé nejtasti vyusivanym types
ot Aispl oAl oy ekadiy e e i Ly
kot ot ooy bl ooy o ot ik
ekt lkirdy  Kosta kaliaren e clektrochenicky neskii i jsou jednotlive.

mezi sebou pomoci kosty nekomuniki

Gl o o ko skl ol il spompltiid vty i miin
CHIA whebo undskanfioy (CiSH) (Obr. 1) ko zven cilivoi nebo
Uairtreh mE . ity st o St ko Vst ey
e viozenho potencilu  Fadech ek vi cin dochivzi k pokiyt vetsiny povichu, ke
Kompletimu pokiyt pak dochizi v Fidech hodin . Pro thiclovany C[4]A 2 C.:SH vypliuiic
mezery mezi alisky byl ji navizen postup pro pipravu samouspofadané vrstvy

Obr. 1. (A) Thiolovany kalix[4Jaren (C[4IA), (B) undekanthiol (C;,SH)



Experimentilni st
Pro vlametics méen by pousit i) Ex-Trib Folatogaf (B Tend P, 1) e
st MlGE(Chem vese 31 Uiy yviin chmie ), Hevtovskeho AV CR v
CR) v operadnim systému Windows 7 (Microsoft, USA). Pisej prmz\vhele\«mdovnn
apient s nesycenon argenochlondovon refcein sekrodon (Biktchemické d b
55, 030 ¢ pasen pelions aaudos (Ml T, e o
ckiroda poin| piyinictd i ko skt p Ssvan
Ekocemok doey s o prmens

Pracovni cleroda byla pred mefenim dvé minuty leSéna na polyuretanové podiozce se
gt slumiy o velkos S 100  oikovin ke o de o
it Poé byl elekiroda ponofena na 10 minut do peroxosirové smes (98% H.S0 a 30%
10w 3. 3 iy sreovin. akone s ok et ok vlimert
0. pii rychlost ol
potenciali 300 mV' a3 1500 mV’
Modifikace elekirody probihala ponofenim elektrody do 100 ul 10 “M roztoku thiolovaného
propowy CHI ek i v dimehomanida o dob 6 i rd puri by
cektrods opichnuta methanolem a vod

slediey a diskuse
Pokey ek il ki
Vs mnlmmehn oo s g G e S v i
Aot vltmetickd méfen v frokém razsis porencil Anodick desaréns ik Jo
ok ekt eyt po S s W, Yt Pl
it i +1100 m ot argeoebridon efreni ek, ¥ atodoké oolast je
S diont gl ik S pos 81 125 i, ¥ i poiel 10
Bty i vl Keoiks daptad phy kmem J o e
§ el snen i i G0 G > e kit socoek st paid
Signl, i s el predpolidat, o vniki monovists o » kyschm proticdi sl
minimalnt do potencil pi Kersch dochig ke Knalyiokém vivoj vodiu. Ke sabiis
ko oy ot} e €5 dicovangbo LU ve ewi. o
bide kit acky Au SR, o ik e ko mochnl deal £ o
ondigoen gt bt o v e g g g

ot Bk s Skl o s e sl it (outas s gt
o v vdiku, mten pokeyl cekody pomoc Ak vlmetie nebo volumetia
s inckmim st ooyt o ey e delrodazcls

pokryta danou thiolitkou. V soutasnost jsou proto zkouminy mo2nost vyuziti normalizace
sk o i Wi o b el
nebo katodicke rozpoustéci chronopotenciometrie.

Modelova liika hydrochinon se na nemodifikované zlaé elekirodz reverzibilng oxiduje na

chinon. P modifikaci [4]A je zieimy posun
OIS e i, £ ks vy, ol Jo el it

< pomoci C11SH. dochizi k viraznmu poklesu proudi viny a zpétnou vinu témet nelze
odit o nabijeclho provds, Pobud 1 mecey o Cheisbovessm melekulani

Kalixarenu vypintny pomoei CiSTT, vamikl vina Je ek ménd vyvimuts, ne? P



i 188 ko molfldon, o2 s, 2 kydecivon st s dlaroon
prostrednictvim Kavity kalixarenu. Obdobné visledky byly ziskiny
b B i oo Mo W B v Bk M
iroluoren (Ob. 2.

Obr. 2. Cyklicke valtamogramy TmN hydrochinonu v prostfedi 0.1 FiSO, rychlost
polarizace 100 mV-s" (1) s koo bez modiflce @) ‘modifikovino thiolovansm
CHIA. T41Aa CiSH

Ziver

Samouspetidns s thidovanho CIJA a poach s ks j subi Sk
sahu potencili 4 v kysel

\olamogrmy hydrochinonu namacuf, 2

mal. 2 by by memo CHA mm.e selektvnibo siia* na’povichu Zaié

2

e 0y S e heren 2 o snth - v o
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Study of Electron i L ation
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c
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Abstract
Electron transfer (ET) in the extended 1,1 bipyridinium has been investigated by
UVVBINR s EPR it sectosetfenical tsiques. Duig the inia cylc
voltammetic scan no EPR.signal was observed at the potential corresponding o the fist
lciron rnser a oom empenire, wherssthe PR sl Tt the sbvaquens ET scdiy

obser & b pooatas sapiieg s S0 f0 desec
Vunsfcr m FPR gnal was deteied fo oo Bt locirn ansie stp oly af dovied
rmperars, The ovidence Tor e sence of compopordonson proscees. ad o the

s -Doir ooy

Key words: extended bipyridiniums, electron transfer, UV/VisNIR and EPR spectroelectro-
chemistry

roduction
Recenly a s of the exended ligopyridiim compounds aring from the extended

LU iy v, b b il skt st b e b oo
investigar md"x i cormminaion o will dsos b docron wmste pechain O o
first species AY in that using combined UV/VISNIR and EPR in-situ

spectrodctrochenical measurcments. Torm etended means tht  linkes i dded between
w0 pyridinium units Tn our case a p-phenylene linker connects two head-to-head oreated
ot i (Cht 1 ek ot of s Wy, it et o e

of linker tre muner in which sch cted. A tail-to-til
ooy waeni e buiding ok of re sing compornd o molecler
ecuonce & exended viloges £ oy b showts tht the-pydisum mofey .

e extended vilagens is reduged i two reversibe one-elctron steps and the elctron may

O Q
=)o
SRy

Chart 1. Chemical stucture of 1,1"bipyridinium cation A**

e



In the extended 1,1"-bipyridinium A™ the reduction proceeds in four reversible one-clectron
sy, which may be vewed s h o f exch pyridinium meity byt dlctons [n
o previous work i has b postlied tat pyrniom s be viewed a

o the redox equilibria during the cyclic voliammetry and/or chronoamperometry
measuremens.

Experimental

Synthesis of the compound A”" ft{metylulinypheny ottty
1-diyl)- il

l—lvvhenylmel [ o g e gl e e G

monium hexafluorophosphate (TBAPF), dimethylsulfoxide (DMSO) and RA‘mmtnle
(A0 wre obained” o Fluks and “died betors s, UVVGNIR and
spetoslctochenisiy measrnntswers hined i the opically g mmnaw
ecroe (OTTLE) lectoehemica sel (Unversty of R K) cell
ERIGHCVTLQ (ke Gomrm bt conn e ol v cunsmmg corpe

mesh working clectrode, Pt wire counter elecirode and Ag wire quasi-reference clectrode
ER e e il on X102 s e PR, gconcis e
Gemany) an ode-array UV ometes Asilen 8453

v ey by Wik L Vet e

forthe number of transferred lectrons

Results and discussion
Compound A i edued in four on-lcion vl waves ! nd s e forns canbe
by i iuncogc e i, | s s UVIANIC oty
r afer the chronoumpeometic s exprimnt (or AN sohen) or during he
et st (o DS ot o el <oy b acceptance of ong
ot and fou clectron. Tho absorpton band of A at 391 mm siadly destasesand
th spparncs of o ne absortion bends cenerd o 500 snd $90 1 s chcrved.Both
peaks hift o the higher wavelength with increasingly negative potental. In-situ
xpmme\eumchmnu\ mesurmens give it nformaion on the prsnce f P
intermediates. EPR spectroclectrochenisiry was measured at two temperatures 293 K. and
SIK. g, 2 shows. that 81 room Iemvmmrc the system is EPR sient at_potential
reduction the potential
oF i seoond T reducion wave, It remain qualiagvely (o sms bt s sty
as reduction proceeds through the second up 1o the fous ansfer. At clevated
i sty e e enr i
sich srongy svgets th prsece of o i, n this cuse te ximer
formation . Based on the known formal redox potentials of the four electron transfers, one.
s e S s ot U o sp i o i
B2 s, Ko et & pumma\ corresponding to the acceptance of the second
lcron te eacion 2 produces two o il accord withthe
ersd EPR sinl “The vlod o e ssenpeponatn st Ko

of the EPR signal presents a stro o he
comprpordonabon e, Howews, obes e of Bamogacos rscioms, which
thermodynamically possible, must be taken into account. For example, at the poténtial of the

n



first reduction process the formation of the association dimers can explain the experimental
data. At the potentials corresponding to the third ET one can envisage the following
‘comproportionation reaction A'" + A' ¢ 2A” with Kemp s wel as_another
Homogencous reacton A1+ A% ¢ A1+ AF it K - 2520 The abservtion of qualitavely
similar PR syl a the gl o the i ET can be ten xpline by the nreased
ol A e gl ket s poutily e EFR o of
W pracically indstinguishable fom that of A iy, w e potntils
wm,.,w..g 1o the fourth ET two wmprupvr\mﬂaﬂw  eacions are bermodyemicaly
sible: A’ A7 ¢ 2 A" with Ko = 232 24 \umeup o

Al

i

Evmnnrens C T sambarciocrns
Fig. 1. Representative cyclic volammograms and in-sita UV/VisNIR spectra of ™ at
potentils of the first, second. tird and fourth ET. The development of the wide absorption
bad arund 900 s fncion of the mumber of nsed lectons uring nsin
ectrochronoamperometry. Supportng electrlyte was 0.3M TBAPFg in AN (upper panel)
2d DMSO (o pch

Extended 1,1"sipyridinium compound A% is reduced in four one-cectron reversble
Commined UVIVYINIR and EPR spetolchochial messraents roved s sation
vadical formed afer the aceeptance of th frst elctron forms & dimer. Severa types of the
comproportonation equilibia can explin the formation o the caton radical A" in accord
with EPR signal
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EIV against FerFe fiold /G
Fig.2. eram of A¥ in 0.2M /DMSO and in-situ EPR.
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Abstract
D dnevineion of Qb [DAS) e oSl wirg Doersd desirrimiten
separation with mass detection. The clectrochemical separation is based on the reaction of
R Wik o 14 e The el S RS 1 cma AR etk
reaction yealding to DAS fragmentation

Key Words: Electrochemical separation, Hyphenation, EC-ESI-MS, Copper.

e
cekirochemicksch metod s hmomostni spekrometit skiti v soutasnost velky
ol ok e anickon shem, b 5 1o St mhanand detochemiokjon
ekl Vs ik
plynouci ze spojeni dvou rozdinych prisupi ' Spojeni dvouelekirodove clekirochemicke
ritokové cy (EC) s hmnosni sperometrm s fonac lkrogmyen ESIAS) brlo
nedivno vyvinuto a festovino pro detckei pesticdi v biologickych maricich > tomto
phstupu je vyuzito 1ty médnatjch a sfibmych kationt v nascentnim stavu
K razotm Picens o kony earoviny s ki e posncily 1 prac
lkuot (pems siioma nebo midins dekite) o o oy s pesiciden
Wor Komplen, Ky Jo nistedné detkovin  rnonostm spekromen. Thelektodovd EC
skt mobers robutnii sy pro S amalyické i, Téo Gy bylo vyt
 pripade detekce dasatinibu (DAS).

A S e 32 W A g L

Sprycel. Jednd se o orélné podivany tyrosin-kingzovy infibitor ot o Prladipia
chromontm. Poprvé byl poutt o Jfhu Shroniché. myelinogean Jeukne & skind
Iymfoblastické leukémie. V soutasné dobé je testovin pro jeho tinky pi 16be rakoviny
prostaty i dalsich druhd akoviny.
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Konstrukei EC, aminimalni mrtvy
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‘Solid Amalgam Electrode
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Abrnc
Sl et el oot of etk bl gy
msicaions of  sive sod amalgam dectode (mercury meriscus modifid (- ASAF)
and polished (p-AgSAB)) is pman:d for the first time. It was found, that wmﬂhuuw
provided two reduction irreversible peaks in wide range of pH using both modificatior
AgSAES wd the dnal e oot e e e umﬂyucul
pur of difrnial i valtammey were opimized wd i
fmentie ol s e i e e s e
ampiesof natural waterand bebicide prepaaton contacing metbzin

Key words: Metribuin, Silver soid amalgam electrode, Voltammetry, Herbicide.
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in photosyrthesis > s hal ife i soils varies from 30 to-120 days depending on a soil type.
and cimatic conitions MTZ. 3y solubl n waer,thus it as potenal 10 leaching and
s ety detcted in groun ..,d e vatr "4 Thus the sensitve determinaion of
MIZ is sull_highly curren N T
il e Mol v Mol ods

vere ey uiled fo sesiive detestion of MTZ Flwlmhzmlcﬂ ot whih
with lower demanding

o o o o e s e s Wl e iyt of SR IS
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over long term interested in the application of this perspective electrode material and we have
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Fig. 1. The chemical structure of MTZ.

Voliammetrc behavior and determination of 2 w;de\y used herbicide MTZ on AgSAES is

fo the fst ime discused i te proseted Various voltammetric Techniques like
see vty () Joow vt volammetry (LSV) . diforntl pulse
e for behavior and DPV.

ih sed for MTZ i real and spiked
samples with complicated matsices.

Experimental

AL S ) A SRR I ok KU
urity and were prepared in distlled water. The particular amount of the MTZ powder

TS 087640, purty: 999 % Sigma Adic) was dswlved i acsoivile (Lachner

Casch Repubi) o coneeraon of 01 ol . and the stck soion wes soed

dlass flask in & . Wogking wsios of M7 wete prpar duy. Toe B

Repablicof e same conenrion 004 mol L 1) Sluton of 2 mol L' KC, which was
o e sctvaton rocss o ARSAES s rearcd om KC! powder (Lachem. v,
CacnRepier

The ap e s saplod o tho s sugly n Puubi Cach Reublic, The sl
of natural waters were Som the ey Elbe P, O Kpubli snd Vigws
ot Com Ry e ot e it i sl ety ehec e
filaion. The hefbiide. preparaion SENCOR TOWG (Beyer Garden, Ccch Republey
containing 700 & kg ' MTZ was grounded in @ grinding mortar, transfered in the lass flask
with acetone and flered afler 30 minutes of sonication. I was filled up with acetone (o the.
mark and analyzed

ALl el e el 3 it e A e
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Results and discussion
Top 6 of o6 ¢ oo ot ol fo Wy s o
aiaind for bt Of toned working lecrodes T was found, drr 110" mol | MTZ

o tw mevrsbl rducion o i onp o5, s G B
Fig 2 in whic e exampl of ylic volammogam fecorded in BRBS of pi 3 usng m-
AESAE is shown The hihest sgnals were ooseved i the. acdic and ighly acdlc

2), which mercury
electrodes "*1! Therefore, the BRES of pH 2 (p-AGSAE) and pH 3 (m-ASSAE) were used
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for further examination.
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The effct o scan rate on the peak heighis was investgated using LSV. Very similar reults

‘were again obtined for both elecirodes and the lincar dependence of the peak heght and the

square oot of the scan rate (+1°) was oblined, which corresponds 10 diffusion controlied

elctrode process. This assumpiion was confrmed by loaloaiy) analysis. The slope of

these dependences was close 10 the theoretica value 0.5 (m-AGSAE: 0.539520.0076 and p-
et GiToion

AgSAE: Thus,
of th followed clectrode reactions.

Parameters of DPY, as a senstive voliammeri technique chose for monitoring of the MTZ
reduction, were optimized and are summarized in the part Experimental Elecrochemical
rogmesion o the working e of AUSAT very oln Py 8 cucil 1l in he
opmiaing procss. Incuse of MIZ,  insrion of th regenersion hd no ffet on he
T ‘m-AgSAE dur o A oeraseof te
S o A T 2 e e A e B Sty o
AGSAE ind spliction of ~1100mY fo 105 ws sflicint o egnenin of prAYSAE.
This sssumpion was confimed by repeted messuremens and clculaion of rli

standard deviation of 11 repatod measaemnis f 75410 ol MTZ RSDO v

) and 25410 “ mol L ' MTZ (RSD( Dypsar = 213 %), respetivey,

‘Table I proved good repeatability and accuracy of the MTZ determinations il of the
Tisloes

251107 0 110" mol T+ To oth working cecrodes I s cviden hat  was reached s
YA v, cusiiel by, el of I o ddmiia (00
mol L and LODy rpsae = 7.5<10 * mol L"), Finally, the propose
oo e Ao S et i et st (ot ma
‘waters and herbicide preparation) with excellent resuls

Table 1
Results of the repeated detemminations of MTZ in model solutions using m-ASSAE and
PASSAE

nASSAE PABAL
Added. mol L' _Found. mol L' RSD(5).% Found,mol L RSD(5).%

250410°  @AB009<10° 15 (2472003)710° L0%
10010 (LODON<I0Y  136%  (LOS+0.04)<10° 379%
750107 (4940024107 022 (7514003107 033%
5004107 (485:020)107 600% _ (505:005)10” 108%

Conclusion

o mdifaions of AGSAE wers examined for volammeric snlyis of the idely used
herbicide MTZ. 1t was proved that both of the tested working electrodes are suitable.
enshiv detcton of M1Z and coud srve 353 bl ool for detemimtion MTZ even i
samples with complicated matrices.
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of Amalgam Electrodes

Unique Prope
W malgimovych elekirod)

itni vlastnost
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Abstract
Depending on mokmerary afo snd on th method of pepsion amlgam can be
1) sl compa, 2 pase, 3 i, ) monosysiline: $) porus, ©)

R 2 e P B et Ay D B
ithoneon Hdetrodes. Anoter imprant boneft 1 the Pty poper min
lcrods, detecior rrextr o uired i i s, Fres mslgin

e i oy types of ool fr b nd  Row-trough ssems. The divrony of
g Tl provide s trochemical propertis of elecrodes, the most
mporantof which e descrbed s pper

Key words: Electrochemistry, Amalgam clectrodes, Biosensors, Flow analysis, Amalgam
twbular deector.

Uvod
el gy S S il S 05 Ko Ao 3 s
Kov-rtu a zpisobu pripravy amalgim mize byt 1) pevny kompakini, 2) pastovy, 3) kapalny
4 monokrysaic, 5 prén, 6 prisovity Viedhn fy crby amlgim s¢ 84 oot
plipravu pracovnich a referentnich elekuod. Jestli kov tvorici amalgim

eiekuochumcky it ki nes (g, Au It apod ), pak takony cloktrodony maverisl

isnet vl podchd g Amalgmy chahe sl eden kov lrochenicky
akuvncm S0k (0 0 e ) o e o) s kot £

ovich lkirodich,(A) ekinie sss sl marin

el ot e

S i, i s it fomr ekt i s i

1) voeiiné pevné smlgimone lkiody (- MESAE, Lo Meje Ag. Au, I, Cu, Bi ajing) ™,
2 ovym men

3 pevné AF pkié vy B MFMEGAE ™1

My eyt i Aty amalgimu me-ASSAE %
3) kompozitni AUSAE.

6) eektrody ze stfibmeho pastového amalgimu AgA-PE.
7

8

9)

I

eekirody naplnéné pasiou  pridku AZSA acrganickeho pojiva AESA-PE
Sbulinl doery e ek st

) porézni detektory z AuSA pro pritokove systémy
)rdcrw!m dkaey Galomaons, m:dvumdﬁwvn a merkurosidovi), kde kapalnd rur
byla nahrazené pevngim, ncbo pastovym amalgimer

1) conymaiché mineckiry oa b poriabo mnalymu A
12) ensymaické minireaktory na bazi priskov B

ok sl g8 o oo %, argaricksmi ™7 a bidog
ot a1 ot i oot Seohenhich me Vgsks
ik amalgi K st dovc\ﬂjt it na i oych monovsty il o tvft
24klad pro plipravu rizngeh typi Elektrody/detektory 2 pevnyeh




pastowich amalgimjou hotné sk r 5oy sptidn dkiochenicks cely. k|
o rii v pickovih sy S B33 Tk velki ost amalgimovych
s poynae ket vt ikchonické Vnsnons ek, nediieHH 7
Koeriohbudow popeiny v oo ispi

Experimeniiitis

e ey MAAEIChe s 30, L et e 1 Hogovtiie £ CR.
vxi) o dekiochemického siinku (Poao-Sevors, Pah) o pipav, pacowich
ity izne druhy referenini

g g e g oy pastoveho

¥ pomocnou elektrodu vofil Pt dritek o primeru 1,0 mm a déle 15 mm
Méfeni byla providéna pii laboratomi teploté. Pro piipravu roztokl byla pousita voda
redestlovan v Kfemenné aparature. Vicchny pousité chemiklic byly Sistoy p. a. nebo lepsi

Vysledky a diskuse

el el

Pl ety Lok mrnt eghinion

dovlie smameniva, ns miénich ekrodich e g, redl sl e

1ok

okt o Potle vl enos 4ink 1k pev Kovouh ettt aen vhoid o

praci s potencily pegativns nez ~1200 mY. Na AE se dai redukovata stanovovat kgionty
@

an i, M it %), Fe o b N Sty iy it 1w (it ) P
et
S meniskovou CuSAE Ize méfit do +950 mV (cit. ) v alkalickém prosiedi, nebo v roztoku
S0 M N0 8 s i Mt vk S s Mi. Stanoveni mngan jo
zaloteno na oxidaci M’ na milo rozpusiny hydratovany oxid manganicis,
skl 1a ekroth 8 i sekragimiols Tobs prki. deute Aapncveiny
solmeticy pik Po ki opingino pmmcmlu akumulce (i
amitens Pl il Mo prvl st ik s pouncien koem iz av
povids kel N’ ma M® U pencily olem oo o posviny

rednkce Mrna Mn. MenlxknquuSAE o nkm jecind sdmé clekizoda doveie oo

ové romea o 4800 Y go ~1800 mY) skt isledic
proces lace Mi*" — Mn® — M. V lieratfe nebyla nalezen
Frinn o motnest \y\dm amalgimevé nebo rutové ikirady i poencilech i do 2050
mv

Je znimo, 7e 21ato TozputEné ve ruti Wil s kadmiem, zinkem, indiem  jin milo

rocpusind nermeaicid souteniny, cob vade ke sfsen livo v i, kovd

Stomin m-AUSAE lmAgSM:vnamxlmkem spousieci voliametrit (ASV) Zn'*, &', m#
K

n

wkv Js n-zwu,vcm 2 osdoct ateor.clovs 3 man 1 podaint morh o
experime uje, 7 aplikace m-AuSAE pro sianoven nizkych koncentraci

nlineloflergrd Mol ool i i o gred

2dsadnim zpisobem ovlivnit viasinosi napt. m-AZSAE. Na dmlmu suanu by se m-AUSAE
hia uplatnit v

redukce Kationt Zeleza na rufovych elekirodich 74l slozeni_zikladniho
el bt i gl s



e e ylouten 2l st roni do Houbky i 8 vl usenze
Ol o) e = ko i il g S it e
o stan jen obiizne.
Pene: dehmd) st kaainou ke odonit meah gt o o8
Vyuiteiné potencidlech.
mlgimont Sekad (o-AGSAE) s sheiténpromredpept vodiku temet stene jako
wrové, a proto byla vyzkousena pro akumulaci Zeleza * Jvedend saie
SV seleza. Koncentraéni
oo ol o vrsas Lo-500 oo P 05980 me dechen 10,1 o 5D
67% N=11).

Kov tvofic pevny amalgim na vylesténé elekirods (p-MeSAE) nebo rozpusiéns v menisku
(MF-MeSAE,

probitj ektrde, Kok vt mh ko outhet m GUSAE byly estoviny
T oxidac: peroid vk » 01 M NaCIO, PR polrzat sekirody smérem K poionin
pcenili o oa il s madh . Cu” ptg el ok procd vace
it s el ol O Posped bublni Kyl dusiem vede ke
snizeni piku a7 do jeho vymizeni. Pro srovnni byl proveden obdobny pokus na HMDE, kde
 mintnd batky ks okt peprojovl

¥ e prostet (oo temborans nebo byl sadndho) e pracovt 12
m-CuSAE i v Kladné oblasti potenciali vzhledem  vytvoreni vrstvy oxidi na jejim povrehu.
Kt zbrai i oxidci WE "\ zivistosh m poencil s méd iktrody mize ondova
. G neho rmoentho st Trjmocad e se v kolem +600
um\ylmy oxiduje alkoholy, cukry a dals atky, kiesé by se na jinjch elektrodich oxidovaly
e s st gl w5 o oAy Vi ¥ sl
USAR bty siskiny Ky phi
magném proudu pozadi) a konceniraéni zévislost byla linedmi v rozmezi 0.5-11 obj %
thanolu (R =0,9992).

Zavedeni tbulimiho detektonu (TD) 2 AgSA pro priokové systémy podstainé zvysilo
e ol el sl 6 GRSl ostulos ek oteickd

ibmého amalgimu dovolilo pracovat pi vysokjch negativnich potencialech
it deen B et i Sy | psdod Mo et Tk
redukce (detekee) Zn® se providela —i500 mV, Cd® pii Ky = ~1700 mV’
Aeitrofenolu pii Fas = uno W e ") Voltametické stanoven; leku Lomusin se
provadé & i it )

Amalhny e sl ot v hore iosn, e Kovod u J svhodnd Ll
cchanické mestabiid rutové kaphy. ZIi8t vihodnou kombinaci s jevia konsimkce 3
minireaktorem 2

niho > nebo priske Pro piipravu biosenzord byly pousity enzymy
ke idin s ot kst jskdas 4 ik C\llvvuﬂ prvvich dvou
biosenzort byla zvy3end dvakrit kvili tomu, 7e se stavil detekeni

ulgimover
Dot e, H100 Y s i 8 s o - ebsmrd ks i ok
indikitoru enzymaticke reakee.

Ziver

Pii postupech, pracovni i price v pri
chromatografick§ch systémech, v mobilnich laboratofich, v metodich AJTSV zalozenych na
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toku) Jehii
e by dekly ¥ iislos 1 poméns rut-kov) oo o
Lot abo 208 s ams gt Sk, 153 ph e il i
iscbem modikou. Fokud tery
2 . podiad se roakf mosness cekvochemickyeh méfe Na 2t wvedenich
DAkl e i, 2o amalgimove Sekiosy doveuj v ok pipadech ncjn ravadt
HMDE, ale  vnisi nove a najinych elektrodach dokonce neproveditelné moznosti

dekovi
Autof dekui zafnanéni podpors GA CR (projkty is P206/1/1638 3 P20SI12/1645)
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Electrochemical Biosensors Based on Silver Solid Amalgam for Aualysis in Flow Systems

waljzu v

pritokovseh systémech)
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Abst
In i comtibusion, the constucion and prepertion of 3 s of flow amperametic
enzymatic biosensors based on silver solid amalgam (ASA) were presented. Two of them
consist of the ubular detector and enzymatic reator of porous or powdered AgSA. The third
blosemor was consetd using polhed AGSA decade Rescirs s polsed ASSA

slcrodes were maifed wih s or chiatn nd Gl nayes were cotlenly
il b biutle il Popwed i 15 wers v I dermbkicn oF
ascorbic acd, Hcos, hydoge perwid, catechl, pyrogalo, dopamine and arcosine in

model simples and i srn caes i th res samples

Biosensor, Silver solid amalgam, Electrochemical detection, Flow analysis,
Amperometry, Enzyme.

V dnesni dobé si velkou pozomost zaslousi metody modifikace pracovnich elekirod. J
ek diky oz yleph ech viasnost (s, cilvasy a Jdnak WGl ApVE
o Hert o0 peposeadicnd v Wichieh, cvironmeptlidh a dalSich malsies
vy2adujicich co nejvySSi selekiivitu stanoveni sledovanych analytd. Literatura nabizi cel

Tadu modifikacnich technik v zavislosti na typu modifikovaného povichu (ru’, ublik, kovy,

izné povichy  tak vytvet stabilni monovrstevn filmy (SAM — se-assembled monolayer)

1 SAMy se bene piipravuii ponofenim subsiritu do roztoku thiolu o Fidové milimolar

Koncentraci. Vyuiiti_amalgimovyh clektrod riznjch kovi pro. formovini thiclovych
pul

Modifikace monovrstev umoziuji pripravu nejrizngsich typd biosenzori v ch
selktvnich ks mez nate  soutsinn psdsaie orskognénim semcrts

navizang na_povrch SAM. Takovou slougeninou mize bjt DNA, ncbo RNA™

o oot 2 arep i ot s ot Mo isknochemiokymi iosesory

Joou vem esifené ampréromeickd ensymatick biosensory \ sévislosi cnzymanuke
ecifite Ize detekovat primo jeden konkrétni analyt, nebo skupinu c\\emlﬁkv ribuz

i ooy s viahos skt T st i o s oo oot
nisircje, ler s daf yukit i vjvoh anayckieh dtektod, V pric e v oo
prispévku byl Kladen dir rometrické biosenzory, kde jako biorekognitni elementy
i paity cnsymy. Prd dro eneymatickeho bosonzar e K1da 6 v Shs -

pritokového reaktory, kde probihd enzymaticki reakce @ zwhulimiho  pritokoveho

%0



dekions . ke se méh amentnt b it Ko vichos bo prod:

enzymaticke reakce. Reakior | e e e T ) g, e
Tianého fyp. Zatimes wbuli dtkior Kom) hladkeho amalgimu,
s S s oot b5 ot . ", nebo priovt, cof

o Vot i e vl ol £ O ks \mnhlllwundm
enzymu Dva
pro. stanover

i byly pousity
ke, askorots sotnihe, o vodl, atesbol, Pyogillle &

RS B o i N S S

siibmé amalgamove elekirody pokryte vrsivou chitosanu s imobilizovanym

Sy, Netdd s T e g oo, Gda

gutaddeyd, Teto r byl romts wen ro s v priteovem syt
o oni g pritoovos oo g s vl o

e 2 kupn eaymatickh biosnzord s koncnicevich! iy, b produy
cxbyaiag ks o s Soch oty saplciioly ik G = 38
prie fsme pouis akarbto i (Roc), lokowrdhd (GO, caliv (Cat, ki

La0)a yrznizu T e il ecniaion el ol el s

alyt) stnovovala z poklesu koncenirace Kysliku, u Cat se verisijici

Konemniace ks s v prpadh Lac  Tor 2 koneenivace (rodiccn s chinon, Kot 30
Kioru,

nésledné redukovaly v detekioru.

Podobny postup byl aplikovin pro navizini enyzmu glukozoxidizy na povich porézniho
stfibrného pevného amalgimu s monovrsivou kyiclmy H-merknpmmvdgkmnve v reaktonu
2y rozlitngmi dostupnymi.proteinovymi sicovacimi
2 iy (15 el Jirs w0 o metrckou
Uil et s e Wl Sk Sod el st v bl
olviwich maphkid cytochemil D, ensymatické 8 protcnovyeh, technologich "

adalSich. Reaguje s lznymi funkenimi skupinami  proteini jako
aminovymi, thiolovymi, fenolovymi a imidazolovymi kruhy

i AN T B i B
v polymeni gelové matrici Pro tylo idely s rodni_polymery jako alginit,
iyt g bl folapelt gt gty o]
ot it i Vi B0 pilsthe cknl je chitosanova
wrstva elektrochemicky neaktiva, & poto je mozné vlidat elektrodovy potencidl az 2.0 V,
aniz by ol imu poskosen. i dkialyicks e cmmunnvzhn hydrogelu

Experimeni i
mpérometicki méfeni byla providéna s vyuitim clkirochemickeho stojinku (Polaro-
iens(m b psenccsataanostats POSTSTSORN (ECO CHEMIE - METRONN
TOLAL Naovensto), Tbulm deer o lesins clkiod by pprsny 2o
Pevati ot gk Yoy ks s 4 i ého amalgim.
ke et Soue et el ek’ m kgt s mnu pcvneho
amalgimu *' Geji wxcnmv o s ek & ek llomeend ek
iy yiesimy oty poRnHl, ekiods et P e o primins L0
ddce 15mm. Vaduiny Ry NEby s rosokd adsranovin. Meten: byl provadena i
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laboratorni teploté. Pro. pripravu roztokl byla pousita voda redestilovand v kfemenné
aparatufe. Viechny pouité chemikilie byly minimainé Estoty p.

Nirg bl BN e boeseo prosanovn gy e W 2
dvou st — priokového reaktony na bizi pordzniho pevncho stibmého amalgimu a
twbuldmiho detektons. Nejdfive porézni amalgim v reaktoru byl modifikovin thiolem

kyselinou
i-metapioundelanoon. Pak nisledotlo kolenini navizin eveyma 12 tioovos
s el Ak o G« USSP bt i S g
okbnodho (50w e pal e e sl  pestatos
vy Hosanar oo SN b .10 ot ot bk 3¢ ot
reaktor s GO byl pripojen pred tbuldmi detektor. Taklo vanikly biosenzor byl pak spojen
snimi navizenou a kons uovanou mirniatumi sklenénou. pritokovou slet ncien
h nistiki vaorku glukozy
il c )m 85 Pkt reaktor  avizanjn enzymem nebyl pouivi, uchavxvul se
i

P — 35 dni ukizal

2l b 7 % akiivity, Kalibatni zivislost modeloveho vzorku ghkzy byla
Jineimi v rozme; 107 mol don sllmnem detckee 1,0-10°* mol dm”. Nakonec.
by bosenmr pouki pro_ sianover i ok Koot dostpmsho mets

» deleorafn Ot ey 22 7o % m.mm el eyl iutr bl
2jiteno, 2e vzorek medu obsahoval 35,5510 hmot. % .2.%), co? doble.
Koresponduje s hodnotami deklarovanymi virobcem.

Zatimeo predchozi biosenzor mel reakior stibmého pevného amalgimu, tento
iy m ekt plnény prisonim eeatm pornn nmalgmmv P prllovcho

nzym byl
vé monovrstvépomoci wroncho. dida

il imobilizovin na_ihil
dutaraldehydu yp
plipravu novich biosenzort s riznymi enzymy. Ve vysledku bylo pripraveno 5 reaktort
s neviany soaymy skoaondhios (A0 ghkezoxigizon (GOK). kaeizo (Ca)

byt v modelovich &

i (T a akizou (Lao). Koncenirace ubs
réinych
Pn]mknvc e

by s e s ks o e el omymticht
reak & odezva kaxdcho biosenzors byla optimalizovina s ohledem il
rewilirscad kpeoniin eapr b el sty

Limity detekce dukszy, peroxidu vodiku, katecholu. pyromallolu a
dopaminu zmefené na odpovidajicich biosenzorech byly v rozmezi 0,51-14 10 mol dm™.
Ase-biosenzor byl dale pouit pro stanoveni kyseliny askorbové ve vitaminovych tabletich
Celaskon®. Stanoveni knncewmu ol whoxiond b Clelen® Bt
104,9:£2.2 mg (¥=9, SD = 2.9 mg; RSD =2, %), co? piimo koresponduje s deklaroy
hodeion + vt e G103 » 1 bty Ovakvv-ldnuﬂ m' n ardeho
biosenzotu 21

analyd. Relativl sandardni odchylky sc pohybovaly  fozmezi 08 a2 2,1 %, co2 poukazije
na dobrou opakovatelnost stanovent

Posledni enzymaticky biosenzor je konsirukén odlisny od predchozich dvou. SKiadi se
2 E bizi




s které je imobilizovin enzym sarkozinoxidiza pomoci sitovaciho Sinidla glutaraldehydu
ot ot il JULRD $ley cd n rehmvm e
sitky.

i boseory iy e et af hodin. Hotovy biosenzor pak pracoval
e s v vl v etitin e poimes kot el walfy.
P eyt sk ootk sponeaovivis Kyutl phisanéh v il i |

e el ik Ko i e e g e oot
‘ampérometricky pfimo na povrchu elekirody. Za optimilnich podminek (mobilni faze [0.1
mol dm fosfitovy. ot 0001 ml i ? NasEDTA; pH 8,0], potencidl detekce 1,400 V.,
pritokova sychost 00 mi min 1 a divkovany o 100 ) byl mitens kencentatn
g S spinta, rostoku. Kalibatni kiivka byl linedmi v koncentaca
e 15105010 mol de * s Korelagnim koeficientem R = 0,998 a limitem detekce
mol dn” Biosenzor rovnéz vykazoval dobrou oskovteos e RSD = 1,6%
mol d”

Podle visledkii navizeny reakior pnény. praskovim siibmym pevnym amalgimen je
e lblinidoes gl bt s Lot e it
pevedendhn srombnidho syetmeny. ki v patin | plovén, bty bia
e ikosidio, byl i, e clvspiskovibo b by -3 gk
e préanio. Vihodou peréench ko o o mokou it cpakovast ¢ ma ol bt
imabilizoviny rizné eazymy. Obecné i amalghnony il mise b regenrovin &
opakovant pouBivin peo PP novieh biosasord 8 kel rangu carymy. P deck
Kyl produkts ensymmtick reakce hrje dleston o ubulani detktor Jednou 2 ho
hlavnich prednost je moznost provadéni katodickych mefeni pfi potencidlech a2 kolem —2
{ve vodnych roztocich). ‘,\( vyknzuj( dobrou diouhodobou stabilitu ~ v nasi laboratofi je
Sk pousvin it o dol i ok dvou et 4 sle poskyve il adez s dbr
opakovaielnosti. Vyhodou lniant ym Soseamor o s o, 3 fo Vit oo evinid
i » devoca- k. podanh it sanoveni, v dovém. phpede
i r

Podékovini
Ao dekuiza fnanéni podporu GA CR (projekty P206/12/G1S1 P206/11/1658)
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capillary o B
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AC impeda

Introducti
Random voluge foctsions wer used (o chaneterz diichoninl procsss o he
p

low ey e of he high
ih g obarved st o ruencis (<50 Hu 13 eplined by local micocomecions
disuringthe conceniruion of ions a te * The calculated real impedance
oo i o G b 3 5 podetn, e thgh 4 e et
uld be viewed as a limiting case of the ac impedance measurement when the excitation
Jiaal approachot sers, Howeice, I conas o the maiss mcasrancat % do poenil 1
apy th ac impedance technique which can stabilze equilibrium conditions at the
d

pan

improve resolution of the low magnitude - high frequency noise data, the high magnitu

g el el g et et Al

fogther with tigh iput mpodatcs nd ow ingt capaiance of the pre-smpilr s
tha suff i the

10100 iz These data have been used 10 resolve the kinelics of TEA m..m« o
o2 e e 0 compa i wih h o mpeancn il

Experimental
Chomials e

(mac), cHoride (TBACY,
e o erahemyonss (TP wie opphed by ok G 4 aod 5

repared
e e f e Chent o the 85 CR V1 i s
deionized water (<0.1 uS, GORO system, Czech Republic) and 1.2-

trtant
(12-DCE, 9%, Penta)



A o e el il o Tl o e o ey ot ik

Raaon Y LCT 155 e TEAGHwys it TBATSR T35 md TEADCC(oY M

LC1 + 0.5 mM TEACI(wYA2CUAg [0}

where x 20, The capi th oifice diameter of approximately 18 um was prepared

similarly as previously reported * Instead of a grinding operation, the capillary was cut in a
sition

Apparanss

Homermadelow noise - igh impetancsinput prempiesqiped with g us e
o s ol et INATIE s OFA 027 st b,

The two-lecrods col (1 was connecied o the diffrenl iputs of INATIS. The

operated. edin e el

age and sepunted rom each e by saper il o vid psitv fooduck. The

preamplifier outpat was connected o the Dynaniic Signal Analyzer HP 35665A (Hewlett

Febt 160 dok e ot 8 e P e 016 Gl 6100

ach wih the 800 lines resolution. Each span was 100 imes aversged. The square of the noise
mean amplitude () is related to the real part u’vmu:dmc=7 by the Nyquist formula 17

741, where 4f equal 10 2, 16 and 128 Hz for the span 16, 128 and 1024 kitz,
respectively.

T 3 R e bl % Gl S

19 MOhm connected to

iopus. T il iput capacince. Cfom with e calbraing
Tesior R pale R vt whose mpedance s decreaing i nreasing feqsecy. T
callsed el prt of mpetine o i irui fo C, = 5 pF s ploved in Fig 1 ol line.

Fiting of Z,der 1600
iyt s o o g 2572 .75 03 o P 1. T s ot e prl
input capacitance is negligible in ths frequency range. A small difference between the noise.

i and the calculated 7, at low and high frequencies is caused by a decrease of the
preampiir gainand s compensted i he exalusion of experimena G The e daia
sl ol o £, e ool o o st ol The o sxpsmenal
dam 79 wors fed uing the program Mathcad 46, prcedure g, 1 ke st

All measuremens were carred out at ambient temperature of 29542 K.



2100

" G " w0
e

. 1. Calibration of the noise apparatus. The thick line represents the real part Z, of a

parallel RC circuit impedance of the standard rsistor R = 2.19 MOhm and capacitance € = 5

PF. calculated for the pre-amplifier gain 59,75 dB.

Results and di
The noise w\y,., oot ol (1)
111 the noie dan measured for the el anly ilod with the aucous phase, L6, wktbou &
iuidniquid imerface The clecrical equvalnt it wsed i a fiing procedure s
omposed of o palel combinsion of the cll rsisnes R nd cpsciance C. AL low
frequencies below 3 kHz, the value of Z, i constant and represents resstance of the cell R =
5 MO The 7 de o i o i e o porlil cpocionce
shuomiess U smapies e ordancs s et = F ey
capaci

10are shown in Fig 2. The curve a represents a

b cell C,

“The thick full line in Fig. 2 represents a it t the noise data b measured in the presence of &
il o s g i g g o [ dngocie o

qualen it shovin e it o Fig 2. ncotnst o te e e o ut of e
Impedance 1 1o consant o low eguenci but crses it deereasing the requency
o 3 . The impedance dereas a igh eguencis, Smila o ne o i aalogouly

due to the parale] mp:clunm C. amounting i this case to 5.4 pF only. Results of the fiting.
procedure are shown in Table



fre

. 2. Noise analyss of a micro-capillary cel. (2) filled only with the aqueous phase 0,01 M
LiCl and 0.5 mM TEACI, (b) in the presence of the liquidfiquid interface, cel(1), base
001M ©

noise data s given in the inset.

k=g @
Thearea. uﬂhe inrace 4 vas cleltd trom te Wasburg coefTiint o sing .

et )
where D i h Ao coeiciet OF TEA iy water (0.3x10™" m s and D, thedifusion
coefficient of TEA" in 1.2-DCE (1Ix10” m* "), cy is the concentration of TEA" in both
phases (1) The calculated rdius r of the inerface is shown n Table |

Table 1.
Calculated parameters values from noise measurements using the equivalent cireuit i the
inset of Fig. 2. C, is the input capacitance of the preamplifier (5 pF). k, is the apparent

ard ate constant, 1 is radius of the terfuce. The expected value of Co is caleulated
s h vlu of Cu = 000 F ' and 01075 F i for th b lsrolyte connrion

0,01 2nd 0.02 M, respecti
e T e
CiC__hF 63 il
< TpF 143 a1
R /MO 330 168
R /MO 059 070
o MOhms"] 13 771
K Jems (x5} 028
T m 816 959
Cy expected JpF 33
The average rate constant value £, - 034 cm ' comesponds 0 he value oblained
previously  with pectroscopy technique. I that the ac



impedance technique utilzing a small amplitude perturbation signal is comparable with a
e both

4. Conel

11 has been shown

Seeiation of it pmetr of he o e ot & P4 qid merce. e

o f uctnon s the sl comporent o the ipedanc ofthe cl. I order o restve
o me o

s sy fo S B i ot B o B b
B e e e i e o
fon tramter inec daia detemination, The use of high fsquences s on the other hand
limited by a noise signal resulting from a decrease of the overall impedance of the
g Aoy s st apeine

In_ contrast 1o the ac_impedance and fluctuation analysis techniques, the steady state
ity s i wdiie R oo vt Vs eimioion i the Kt o e
capillary is one_micrometer. The current flowing through the system_ causes

v b e e yor i i Sies o s

sults in an jon concentration change near the liguid/liquid interface located at the ip of the
capllary and can cause a1 eroncous determination of the rae consant Wih Iarge caplary
ip diameters exceeding a few micrometers, the induced electroosmotic flow effect is
negibs, but thse cpiles r ot sl for 8 ftion inics detemination uing o
stcady stae volammery technique.
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Abstract
Catoon past lsirodeshev ben mdified withsome lgdsfor the sestive ad seive
tion of the antidepressant (desipramine). Voltammetric experimental conditions were
cmumzad taking into aceount the importance of quaniiying desipramine in the complex
et andnthe phamaceical fomultons, T o (i sid modiedcurbon pste
Sl fmvon 15 dedn e 4§ Siioli s & 10 Y St
ool W oo i e ey e
potenial, accumulation tme, pnxlbcompn\smnn  powibe nrference and ot vanables A

peak thepge om
X10° M. vith standan deviion of .54 A dlstion it of 33810 M s
it i syt st Tos et 1 b apled 1 s emcsiationof
e e 0 i el

esipramine, Linear sweep voltammetry, Carbon paste electrode, Fatty acids,
modifiers.

The tricyclic antidepressants are the most widely used drug for reatment of depression and
ence, their measurements in body fluids are of great interes in bioanalysis. Wang et al
determined the sensiiity and seletivity o wricyclic anidepressants at carbon paste and lipid
—caated glassy carbon

peak response.
electrochemical
et somitty . seley o rasscomtcson: o, vty o modiTis wors
incorported o he on paste matri lso carbon printd electrodes were used for the
Sccrpinaton of soms nions

T G o s G by s g g nd

Lipid-modified carbon paste electrodes were electrochemically characterized and. their
Pl g s i cnedind ke electrodes. The presence il
Reponses

(Fatty Acids, Phospholipids) in the paste mairix_enhanced the curent

impraved eproduciilty. On sing 300 s ecumulaion e, . he vyl imipramize exhvhu
that obt " for

o h e

Instrumentation

Electrodes

Carbon paste was prepared by thoroughiy hand mixing 2 g of graphite powder and 08 ml of
paraffin oil in a mortar and pestle in & minimum amount of chioroform; the solvent was.

allowed room temperature. were
similar fshion except that the araphite powder was first mixed with a define weight of the
fatty acids. The working electrode s were prepared by pressing the paste into a fip of



micropipett then polishing using clean paper (Fig. 1), A fresh surface was uilzed for each

Fig. 1. Carbon paste Electrode modified with lauric a cid

A computer-tided electrochemistry system was used in the voltammertic and amperometric

Studies. The system consists of a potentiostat Model 263 (EG&G PARC, Princeton Applied

Research Corporation, USA) and Electroanalytical software Model 270250 version 40

(PARC)

An Orion rescarch model 601 digita ion analyzer pH-meter was used

Kl mI of the et sppring ety was ued 110 an scprimntwas carid ut o
rd the base fine. Then the analyte is added afte suitable dilution. Using a

S0mVis and e ot selcid condions

Results and discussions

oxidation of i ible anodic peak at I
acid modified carbon paste electrode (L4MCPE) at potential of + 880 mV. Different
oyl praretrs s 2 . suprorin dear, gt conyostion, icmiaion
time and many other factos were investigated s followi

et of sppoing lecobes an e slon
osphae, sodiom d sodium borate were tested. A concentration of 0.1 M
horshts sl wich 1 it ot B ol 1 o of il v
backerounds current From other hand, s collected using solutions of different pH
values ranged from 3.0 fo 110, showed a fitle curtent enhancement in acidic media. A
marked increase in response was observed at pH above 7.0 with a maximum value at pH
values igher than

90 as shown in Fig 2.

Effect of accumulation time.
From

3005, a5




shown in Fig 3.
subsequently by diffusion into the pasting liquid " as a function of

1% 10-5 mol dm” at diff Jation times, scan
e ot -0

Fig. 3. Linear scan peak currents as a function of pHL[ Dsipramine] = 1 x10° mol dm”,
accumulation time 3005

The et of o pst compostion
Diffron o of the modiflr (s i) were immoilsd it the carbn pist anged
from 1 % to 10 %. The best response was obiai lauric acid_ Higher percentage
than this raio resuled a distortion of the peak shape.

Caibration curve

Alinear behavior was observed over he range fiom | x 107 to 1 x10° M with correlation
coefTcient of 0.994 and sensiivty of 1.69 mA/mM.



Reproducibiliy
T reproducbilty of the adsorpion process Ies been estimated from five trials for two
different conceniration of desipramine (5 x 10” and 5 x 10° M). A standard deviation of
5.5% was obined.

B posble melrbysprend
00 ot g o i e e il s i i
Theofct o wncwvmlvun wp 10° sed the peak of the presence of amino
b ottt o st i b oo
intrfing.desipramine showed no eTectof despramine peak esponse

The Detection Limit
“The limit of detetion ws calculted based on SN = 3, a value of 3.3 x 10° M which is
s than the reporied one -

Analytical application
T sggested method was apli o detrmin dspranine I bikgical modia (v and

s sk of o were &tad i which 1.0 O i coupeied 0 10l s
aptn D o 81 e e oo o d:s\pnmm: were added and the
Voltammograms recorded, a recovery of 97.2 % was obtained

samples
and a recovery of 95.2 % was obtained.

Cone
A new mm st detrode modifed wih i aid or St acid was wsed for he
of the . e methodwas

Pt s mbloge
despramin vrsys the pek rspose 5 8 Tinar behavir s obarved over v
X107101x 10

0709980 Thecallcied resuts showed 3 800d repetabiity with sandard devinon o 5.5
and a detection fimit of 3.3 x10" M was calculated
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Abstract
The et Gonples N NI Tt ity
(Colmt-34-ppa) has _been deposited by _different _techniques on two substrae.
Becrschenicl deposion,sponameus orpicna1d spincoming ave been wsed 10 he

moi of o cltrode el smeded gld o bydophiic sbsre 3 ihly
inied ety e 9 bydrophtie sube. The moied tecoodes bave ben
chncenzad usiog cychc olummety. backscatering VIS specioseop and somic forse
microscopy. ence of substrate material and modification _techniques
i iy oot s 390 ocontos T petla s
been studied.

Key words. water-soluble phthalocyanine, electrocatalyss, propylene, cyclic voltammetry,
atomic force microscopy, backscatiering microscopy

Introduction
Since thei discovery in 1934 by Linsiead, metallophibalocyanines and thir derivatives have
been videly used as dyestufls. Now they are commonly applied,ss solar cell
photdynamic therapy *, optica cal da xmrxge ", nd dectocalys . Th key facr hat
allows

bty g e o i, s 1 s v metallc lementsin
the central cavity, and easy modification by substitution of the benzene ring *

Fioepin:oapiores sl g e s bl sl sy ol
< Descgeusonn sealns . Tiw v wickle fitacoruion 4% form
e e s e i lgterged i elmrocmlylm pmptmt&
Thi con be scicred i arov ways S0 8 dze\nth\mv cposion by dop g
spin coating, the clectrode. for prparaion of
modie detode i miing of the camplex w.m catbon paste, but isadvanage of s
ethodis necessity of large amounts of the comple

have sl sueure as except the bensene
T T compe Core s (s 11 S s e

shows
form gegaics in soton corpare fo ol wate-oleble palocysaine, CoToat 3 4998
forms thin cictricaly conducting ilms on the clectrode srfuce aftr reducton of the cenial
metallicion



Fig. 1. Structure of NA" NN tetramethyl-tetra-3 4-pyridinoporphyrazinocobalt

Propylene s of considerable industrial significance, used as an important source material and
intermediate in the chemical industry. However, propylene represents also typical slobal air

pollstans. The oxdan of propyns has bee reported manly on poyeysaline metl
i ik

\m»emb]y v by ceson: e Epaides and toaes Mgk eleclmd\:mma]
vl s e axiduon o piens Ot ey i s Al o 1 by modling

tional electrodes with catlytic ncllvccﬂmv\r(u Niallophalocanines are siable
Conidacs due o Towering potenie of many reacc

The
i i esions T e maion propylene in aqueous
Sohon ¢ borsry tempeature by et madifd with thin iy o Colmt3 4990
comples was us

Experimental

e ————— ol kit i peifcin T il olits
powder Co(ITmippa(CHLSO)" was synihe purifid by the group of Professor A
B7P Leve fom vork Univrsiy, Toroto, l‘mmz aocoting 1 Phosphate bl s
prepared by mixing 0.1 M solutions of NaH:PO, and NazHPO, (Merck, Germany) in disilled
Yaer and used a supporing elecolyte Phosphoric acd and sodium hydroxde were
for pH adjustments. For all the measuremens was used deionized water (Mill-Q system
Gradient, Millipore, esistivity 18.2 MQ em)

Physical Measurements (Methods)

Voliammery

Cooc volammetry (V) cxperments wers peored wing 8 threleiode sy

contraled by the potentiostat/galvanostat Wenking POS 2 (Bank Elektronik, Germany) with
POBA boaes Do kit Germany) iy orienied pirciyic rapie (HOPG)
1212 2 mm (HOPG ZYB Grade. Structure Probe Inc., USA) and gold Au(111) 12 x 12
1103 i (Gad amandech (11 Germany) were used s woring ot Befors

o i s uon o 1 HOPC i dwont by g s v

eholiif praesire s i gl ainien ety
fer cool down, this procedure was repeated three times. Saturated calomel electrode (SCE)
and Pt wire served as reference and auxiliary electrode, respectively. All electrochemical
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Iessrmens s caried it n 01 M phospate bl and dexygenate by agon (60,
Messer, Gemany) at room temperat

Backcaterig V1S pecroopy
absorption spectra were measured by spectrometer OOI Base with Fiber Optic SD1000
O O, o Pl 5 e o The laga ey e
LS9 O e USA) e i e s W o i g o 400200
o s sk 5 o Ot Oping w155 o G e St
oware ackage Al s o o it e Sty £
at room temperatu

dlomic Fore Mgy

The sufce toporohy of modifed decrodes was cxamined by s o orce
icroscopy \‘lummodehmvoaw,m I (Vesc, USA) i wiing appng mode it icon
i (OTESPA. 42 i, 3001z Veeco, USA) Amic fre micoscops (\FVD images was

analysed by commercial Nanoscope Il Software versions. 12r5 (Veeco, USA).

Preparation of morified Electrode
Becrochemical depostion

rochenica dposiion of CaTnt4pa on th working et s pcformed by
s lammetic cnsn s pteni rngs o~
B h 0 bty v o 1 10 v o e Tt e of eyl
ik e et o sy s

Adsorption
he workingeleiode vas modifed by 60 indop csing of 1 10° M CoT 3o

THL 43 s slution on elecirode substme, Encess soluion wes removed Fom e
Setee.

Spin coating N
The film was formed by spin coating (300 rpm) of 1% 10~ M CoTmt-3 4-ppa solution in a
PH 4.3 buffer. Excess solutionis spun off the surface.

A comicion of depoiion edmiues, e modiied deolss (ahled
buffersolution in

the absence of CoT

3.4-ppa

Results and Discussion
Firsly, the modified electrodes (labelled CoTmt-3 4ppaHOPG and CoTmt-3 4-ppaAu)
prpard by difteet methods wee urther charsterizd by cylic vlsmmety n e bl
solui behaviour and mt3,-ppa
kot i sk it Sopaiioh oion . By Hockols M
exsitu APM

doposion procss mechaniam. AT images and profle amyss show st
of C How:

ST rugheess parametes and. (ickness of depoded ayers vary depending on the
substrate used and the type of deposition method.



Further, deposiion of e

complex. Colmt-3.d4-ppa on electrode subsirates was monitored by the 15 absorption

specirscopy in the backscateing mode. The pocess of deostion resiled in e specnl

hangs conisted of the deceas in th. sharp C.oand 8 570 n and e simulapecus

formation of a new broad absorption band centred at 472 nm corresponding to reduction of

the central metal and the formation of film on the electrode surface. The stability of films was
= oTmt-3.4-ppa

ine ool ey of CoTm-3-pps compler foroxdaion of propylene
Westigated. The cyclic voltammetry of aqueous solution saturated at lboratory
temperatur by popylene shovs vt oxdation pek In pacata) ange comespoeding
toleciooiaton of el ot The etochnica mesyrsmnt s ben compleedby
ring spectroscopy that confirms interaction mt-3.4-ppa
e (il o el et e
iype of substrate and the method of preparing the modified electrode also affected the.
clectrocatalytc activity of complex.

Conclusions.
Becoshemical beviour and clecolyic sty of CaT:
o o 3 ek St g D
material of electrode substrate

A-ppa_complex. for
fication technique and

“This work was financially supported by grant project SVV260205 of Chasles University of
d the Grant Agency of the Czech Republic (Czech Science Foundation) (contract
14-146965).
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Abstract

i e N e O R AR G R B DA

It o O st pithon o of St o e it

The chuined dingams £ v sequnce o inividl echmogil e 1ad 4

characterisic Pt gl e ol e i g o
eas s i  Siersecrod inen of siver amalgam clodnodes i not provide

satisfactory resuls under the same conitions.

Key wards: Potentiometry, Silver amalgam elctrodes, Deminerali

4 water, Energelics.

sti_primyslového vyu

€ R g T Syt O iy
demi

dcmmenhmunr vody (zkricené ivody). Prikladem toho je oblast rgetiky
wyutivjict velks mnozsd demivody o P o ot
il it sekvence jednotivych technologickich krokt, potinje vychort ipravou
o vody SV (i sefimenzl ap) e vod v pome e 3 e
VCE pomoci atexu VK. dile anexu VA 2 po vodi uchovavanou b i
MK St 131 iy D, poradink a e gndas) i, e

zminéngeh jednolivich technologicksch krok jako? 1 pripadné zachyceni 7
p ainnosti

fontoménici. Doposud se pro uvedeny typ kontroly vyuziv zpravidia. konduktometrie

ol sad v ot ves s ol vy il s Koniol ol

na uplatiovani pribézné kontroly si viak vyzaduii mit trolni ucely alespon dve

i oy e BLAN ey Sl Teheaiae Pl s
)y se pi Jen prekeyvat,

PSS G il 3 il ekl YU G i i i
v pricisomae e Amiljimerich deirodict, ot tomnost sibmich
iont 2. Soutasnt jde 0 motnost dlSiho upaint pov aecace amalgamovyeh sk
deré byl v uplynlich dvou deseiletich pomimé Siroce sivan o fisrlemsion
reni

Experimentiln st

iedované vzorky vod 7 jednotlivyeh technologickych kroks viroby demivody pochizely
2 JE Dukovany. Jako katex byl pi tom pouzit Lewaiit S 100 (firmy Lanxess). Anexova
kolons obsahovala Py ol e U & bt st S
(fimy_Lanxess) mericks meteni bylo il bl
ool bok polaowat A1 T shonies s, Pram) s lvor
Voravnou mpetand, ik rennti louEla upraverd refren cleirods AGIARCS M
K1 (Fleksochemické detekiory. Tumov), s soagm miskem absagicim 011 M KNO, Pro



nizSine2 0,1 uS/em. Poutité
chemikalie (AsNO:, KNOs ad ) byly Cistoty pa. Soucisti méfeni bylo ) el
usporadni s nadobkou a sojanem Eco-Tribo polarografu (ECO-TREND PLUS, Praha) Pr
mien v nepftomaced vedsingho kyslika byl aphkovino babla Zirovkovm dusiemn
Sisoty 99,99 % po dobu cca S minut.

(il i
u sledované technologie charakier slozeni vichori suros

(0 haiabi Wik ot it o 5§ K visupy 1 il s d

Cifenim a filiact (VCF), tak katexem (VK)  nasledné anexem (VA) probihaji v rezimu

usilenjeh operaci s omezencu varailiou mnciv | drah sk abessensch ve vodé PO

jednotlivych technologickych krocich

Bl o ki g o pfmnc ool ok kA Akl el
. barovnjeh  dafch kovd & pr shashiini s, logency ik
nebo dals proky, s TR el et R g
piedpelidins 1 priomnos prodls postupne derioce ontomenia, Viesn méfei by
provadéna v nidobee s roziokem vzorku, do ného? byla zasunuta laboratomé zhotoveni
gt Mo o oy s e e ko 15
s ) 9 dekindy PS8 PT-AGSAR nebo st diskod 15 & P-Ag ik
oy sifbrm Grtem a s¢ Zovouderim & ylekenim, usim. Vedle tono by do
ot svaday e sk AgS. i & pivod e o (5 o

oot i ooy sy SV s sl VCT, e VK
bk MIX byly odebriny prishusne vzorky. Do 10 mi kazdého

incy v v e e ! i 01 11 NG, Bt ks et

roztok vybublén po dobu $ minut dusikem a nato zméren pmcnml nk AgE, tak AgSAE vs.

Ag/agCl. Do dingram

1ol V) VEF 02, VR 015 VA (0 8 T 1%, oddint pro Ak (i obr 11

ASSAE (viz cbr )

o

vt v W w

. PoSIES sds ik deeSty (ABS) D ol sy
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Priibch disgramii na obr. | ukazuie, % vysledky méfeni pomoci AgE byly pomémé milo




tom, jak €asto byla providéna. Odlisny prilbeh diagraml prinesla mefeni na AGSAE (obr. 2).
N kil & V> o) i sl elain oo sl 4
lpadediolodobé prce  pf puli i AGSAE kut o kuss Poorowi by ovnes

elaivnt el civostchaaeicn £ va. 1 na mechanické obnovovtnicerody
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odebunych it e by femieods o e 01 M AGHD, 1. 5
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e oo dgru, oo &

Za stejnjeh podminek byly zméeny obdobné diagramy elekirické vodivosti & na Vi, kieré

ety vndnbny ke bt ko \aSAE. Porovninim odpovidajicich
hodnot x a F ra lace mezi témito velicinami byly ziskiny korclaéni
otk ons, SHe e o powhovae sk - 098

Provedend  mfeni ukizala mozmost _vyuit amalgimové elekirody pro
pteniometick sedoin skvence pfiduinih tsshnlach okt ioby demivdy.
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Abstract
4 meany it i) bt sl i ool (- AESAR) e v 05 e
i timefor e deleninion of sbncrmola concentionso i, The meium

anel Boton R (R e of 170101 1w chovn oo piml v
b developed direct current (DC) and differental pulse (DP) voliammetsic methods.
are fust, reliable, and robust. Moreover, the applicability of the DP voltammetric method was
verified for detemination of fenitrothion in spiked samples of drinking and river water, with
the limits of quantification inthe concentration order of 10 ' mol L

ction, Vo, Moy Moiscs Moo Silvr Soid Amilgam
Eckvadn kg Woes Ko Wos

Introduction
Fenitrothion [0,0-dimethyl O-(3-methyl-4-nitrophenyl)phosphorothioate], which effecively
acts against various insects who damage agricultural goods,such as cesals, cotto, ice, or forest
crop, belongs 10 the worldwide used organophosphorus \mechudes' Fenitrothion irreversibly
* Although fenitrthion

gl oyl e eryosment o skl SR o b e i Tt tmd dhinkisg
“Thus, humans may be exposed to sublethal concenrations of the insecricide for an

time and, consequently, by

Therefore, monitoring of feitrothion is essenial. Recenily, many analyical methods of

ey i o chromatography * hyvhenuledw\lhmlsxspmmmwy Noltammetric
thods "' Morcover, the
voltmmetic mzllmds cnbie 10 csimate and preiet he confomaionl changes of DNA
caused by pestiides -1

The main purpose o his work was fo develop volammetric meihods fo deerninaion of
e e e ey o sy gt el
aim was to veriy the applicability of these new methods for model environmental samples.

cHO§
P NO,
CHO
CHy
Fig. 1. Siuctural formla o eicodtion.



Experimental
‘The fenitrothion stock solution (110 *mol L ') was reard by disling an cculy
el st of St ion (CAS oy isber 122065 Sgma- A st Lout
SR i claneland v - ok pace s 4-C. s il s momtored by UV-s
specophoiomes Aglent 845 diven by UV-Visible Chemetaion 901 sotnare (boh
Agilent Technol ta Clara, U
b7 o o of U ik oo o shan. it St R Ipfls whaitn
9H 20-120) e prepard in 3wl way ytrchiorc aid of 0

s A 1 "V il e My
o ok o150 sladon of 03 e L s chiocd s v o h m-ASOAE
activation. All reagents were p.a. grade (Lach-Ner, Neratovice, Czech Republic),

All voltammetric measurements were performed using an Eco-Tribo Polarograph (runming
with Polar Pro 5.1 softwase, Polaro-Sensors, Prague, Czech Republic) with a m-AgSAE.
Working electrode, a platinum wire counter electrode. and AgASCI (3 mol L | KCI). The
DPV parameters were as follows: # pulse amplitude —50 mV and a pulse width 100 ms, with
current sampling for the last 20 ms. Scan rate 20 m' s ' was used for both DCV and DPV.

by puring wit ivogen Gty 40, Lind, rgus, Coch Repli) for 300 . A it he
Clar-2200

fon 3005 B ecrting enh vl el cuve,  dloctochemicl lesenemmn of he

S AQEE e o 15 ot i O s el v i i

Bl s gt P B il i T Ot P 8 st (Dot

Corpoaion, Nonbampion, USA) s used fo an csimation ofll parnetes of calioaion

curves and for construction of graphs.

s and Discussio
ey gt eflence of BR buffrson voltammetic beavior of feirottion was o
by meins of DCY and DPY. In acid and nei i, oot yielded
wellshape wavelpeak. corresponding 10 th four-clcion reduction of th 1o group (0 the
ipteocyaming iy, Pesk pofnal (2) s monctmnaly smnm tovard less negative
s vith nressing i

e S i e i o i m\dﬂgn by i
Tower BFL 478 rducton. was Gided o two. Seps o, Wit fapee 10 the sibsace
decomposition i alkaline medium, ethanol — BR bufTer of pH 7.0 (1:9 177) was chosen a the
optimal medium. Passivation of the working electrode surface is a common problem of solid
S it sicopie et el s g, Af et o6 0
IV s anintl egenerion pfental () nd 1450 mY o o il egneatin o
(), @ seltive standard deviation decreased from 40% 10 2.5% The fou e
conditions were used for messuing calibration dependences in the concentrtion Pl
0.6 10 100 pmol L' using DCV s well as DPV. The parameers of calibration curves are
shown in Table |.

e it of deioiaed vt and BR bufer (1171 was usd 10 provide 8 st been
e e e L e
5o . s sbpelc wippecin decxm\yle, it was possible t0 evaluate the voliammetic
ol of frirotion st lows st i e shele o i Tio
hetame duc 10 the Tc tht cloanol, whove addt ry because of a limited
S5ty F Kttt e # o Mg Conceirions, rduec valaminee sigaty

“The practical applicability of the newly developed method was verified by the direct DPY

2
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and 10 mL of the

BR buffr o pH 7., and the paametrs re sarmarivd m Tl |

LnA

o w0 ey
Emy

Tl D ol f il 3 il eyl Db o i

©1) a the at_polarization rate 20 V'S " Fiwg = 0 mV, F = -900 mV.

Contemrasons ofeiroion 8152 3 04 3,06 8.3 . wd 1.0 @ ol L

Table 1.
Parameters of the calibration straight lines for the determination of fenitrothion using DCV.
94DV 5o -AGSAE. Sumple of deioized, rinkin,and e waler wor messred

the mixture of model water sample — BR buffe of pH 7.0 (1),
mple Mthod Lenummmn Sope — reoptCorvlaion 700
U)" @ALpmol (nA)  Cooficiont (ol L)
Fdand DR DOV Q00T 161 T -
ffrofpii 70 IENTSTE— o0 30107
@9 o’ s “osss6
o @0t 13 om0 -
et an Qo0 -
o’ Se “osen2 370t
Deionidar DV (I0-10° 14K 09994
Q007 L B
Drnkingwaer DRV (ud0i0f 200 osw -
Q0T 1 016 0%ss 10107
Rierwar  DPV 10000 126 oo omm -
Qo 0w 009 osor 1507




Conclusions.
Direct current (DC) and differential pulse (DP) voltammetric methods at a mercury meniscus
modified silver solid amalgam working clectrode (m-AgSAE) were developed for the
fenitotion A of pH 70
(91 117) was chosen as the optimal one. The calibration curves were measured in the
concenion rang o 0610 00 umol L it et of quantfision .00 o 300
metry and 37 nmol L' for DP voltammety. The. pracical
ittty of e sent dsont DP volumneric meadlogy vas yeifed for the

del samples

i e 200 of 020 et L and 015

e e B 05 10 a1

pmol L, respectively
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Determination of Metallothioneins in the Liver of Small Terrestrial Mamumals, Living at
Nnumom Element Contaminated Sites
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Abstract
Adfonl W B sl U o elevated concentrations of risk
clements. Pibramsko of most cnnumunucd e I G Repae T v s
Iouded with souees of gmogiel 04 meslgididusey infence eabing s exvency
3 contents in soil. We analyzed eighteen subjects trapped on selected
locations around Kovohute Fnbmm belogig to the speies Apodemus syt and
Microtus arvalis. By differentil pulse voltammetry and modified Brdicka reaction

urod cmocirabons mclltiencin (MT)  thee fves, Diffaecs o comcenrions

MT contents were found

Key words: small tenestial mammals, wapping, Piibram region, Liuavka valley,
mellobioncin

Gvod
Phbramsko paii mezi nejvice znctibiné oblasi Ceské eepubly ', Kontaminace ninosové

pidy v Gdol, kerym proteka Litavka, pochizi 2 ntkolika zdroj. Rizikové prvky jsou 2de
stoupeny v pie 3 eslogeken podlos (s 2. C. ). Ke Eomaminal sk doci
Viivem amosferické deporice rizikovych prokis p (€% a 7o ovovieh rud
Kovohnt iram. .33 Dl stagen e omanisonn. oy  odalouci
nidree v blizkost kovobuti, V disledku jejho poskozeni nékolikat doslo k zaplavens ast
{zamt u obos Thovd Dufky - 2 phdy Jsou ikovd prky valbuteln otinami, ve
bt 2o s mmioes ) ok o it ot o i il
i e

sdvaich k(wnp 5 1% o misgh konccntraroh 5. N FRbramsky jeas sanoven
kv pruk, HavnE Ca P, 0 o A, erd mohow il spoletensvn

i e b
¥ b e audol sl ey o lndmbun a0 ko i
* Rizikove prvky maii schopnost inhibovat vazebnd mista nékierych Zivotnd
dn\m(ych ey s ovhont o pasonci s shoade Biochemokt procesy

jsou, h funkei, schopry transp

ve ikinich a tim chrinit organismus pred otravou rizikovymi prvky ' Jejich syntéza je

faktory prvki v prostedi, pohlavi, vék.

& st organismu " Souvislost me exporici Kovy a syniézou MT byla na hlodaveich

zkoumina prevazné v laboratomich podminkach. MT mohou ale v terénnich studich slouzit
ke jako biomarkery Kontaminsce Zvotniho prostredi '




Eapermeniln it
se nachizi_piiblizné 60 kilometri jihozipadné od Praby (Ceskd
Repo byl spbins wioli” ka PO scmor i, oty
Vacchny jsou situoviny na bichu feky Litavky. Dvé kontrolni lokality se nachizeji ve sméru
prot proudu od Kovohuti Pibram, & 5.  jedni, kontamsinovand, ve smér po proudu v primé.
blizkosi kovohut

Proni informace o biodiverzité drobnch zemnich savei byly zaznameniny pii odchytech

Vroce 2014, kdy probehla proni sezona terénniho sbéru dat Na zvolensch lokalitich

s ozdilnou mirou kontaminace byly odchyceny Ctyi druhy hlodaved (Microrus arvalis,

Apodemus syl

ors ranes by
o et s Sl e s B o ot

ot e s vyvelans Jfch sftengi pemen

Na vsech loklitch probifl odchyt v zifi 2014 behem i po sobé doucich dni a noci. Byly

H
§
T
“.5‘
:

o potiai, vék & druh pomost charakersickyeh ki
ok i roveden s i, i e by o vy edviy o it "Dile
byl orginy uskadnény v - 20 °C a prevezeny d laboratote CZU

Extrakty MT byly piipravoviny ze 100 ma Iyofilizovansch jater odchycenych zvifat podie
et al,, 2008 '* Navazeny materidl " (UltrTurrax T25)
vl e 30 8 T 150 bt N pE R+ T

ercaptoethanol a inhibitory

prtdz:. 20 M lepepin, 2uM aprtinin 100 M beanidin - SIGMA) o nisletnd
sl 5 4 15090 g do 0 i LS 1 S o oot 13 i 5
O T heebra s sssinds hnen s o prois dale oo i C. 1000

o do 15 mint Ziskany 52 by zehazen a uskldnin v 30 C o do i sianovent

trace MT v extrakis $2 by

reakee'® Vol byl pr P @
PC-ETP (Polaro- Sensors, Praha, Ceska republika) se softwarem POLAR PRO 5.1 Pracovni
clekiuds byla EMDE (rutovd uakov et y Poo Sensrs. Rt lekids

elekiroda P dritek. (Elektrochemické Detektory, Tumov,
ol f e el v it
2l deitis] W s CoNHy)Cl: (SIGMA). Pro méeni

it e Yy 3403 iy SceniBe i LK),

Pro. vipodet visledkil analyzy 2amlyzitos PC-ETP byla pousita kalibradni kiivka
wyivofeni metodou standardniho pridavku standardy MT (Enzo Lifesciences). Vipodty
probitaly v pocitacovem programu Polar 5.1

Reprodukovaenot metod anafay koncsnirsce MT by ovtens na vt jir e
Iaboratorniho potkana kmene Wistar ziskancho 2 pokusné stije CZU, ze kierého bylo mozné
\ywoti deset navisck yoflizovanho, malera. Pokan byl o doby 40 dni krmen
standardi krmnou smési ST-1 s prdavkem CdCl, poté byly odebriny orginy & uskladnény.
TG S MT b rovleny oo minful sk, 2t poind
chmh:nsnk Kieré
&1 Smérodathd odchylka, ket v kolisini hodnot sledovaného znaki pi méfe okolo
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atmetického primén. md odnon 206, Hodnot varitibo bosiden o 1402 Ky V<
50 je znakem sourodost me
Tabulka 1.
Klad Koncentrace
[ ]
promeon N planjh | PP | Vi | Vi | Smodch | Varkot
a i

MT

OO T T 500 ) 0 EN 3

Ve a disse
centrace MT byla sledovina v jtrech drobnjch zemnich savcii odchycenych na rizné
Koo g ot et (ablvs & T Nt ooy st s i
(o, Tsce) 3¢ poyboraly vsomes 553 do 1447 gl sy e 100
4o 1509 ya/ml  drs
St ol (M0, N Kfiiva I8 oy spesteey ¢ hodnoty od 129.6 g/l
173,5 p/mlu AS 3 0d 131.5 do 161.1 pg/ml u MA.

Tabulka I1.
Kanoemmoe  MT vjirech znjhdru 2 canjch ki (minimum, i a primé v
Y Tokalita " AT
maxprlm
podems yhvaticus  Stadion 3 1265
Holda H 75 1S9
Microtus arvalis Jince 4 1509 1344
Halda 5 loll 1463

2 s A ML Rt e A o
Ik, Mol sl s ool ol bl it 45, i
prkdaine i kopoeisce MT o e e i eariovanse ol
it 2 ckomaminovangeh. Iokaht a byl uicen jako vhodny organismus pro
bmmmmunng Konaminace oo prostedt " Torp bylo porvizena i u inyeh druhi

Dille byl zaznamenin rozil v koncentraci MT v jitech odchycengch rviat z¢ sciné lokality

() st by s e smameni G & 1U S & ol Hald

ey 1 byl apte i heRgd oty popiey vo st it 1 - e

byl hodnacen sedm bty visn AS adhycenih a ktaminovansh Iokalich ve
i

ncigite pisobera ommivarnim s o s semaic sl . o 28
hlodaveds stravujicich se témet herbivorni. O konceniraci MT v orginech MA, Kier je take
erivarn, s s hind s nezinl

Ziver
V této studii byla sledovina koncentrace MT v trech dvou drohi drobnch zemnich savei

ch na kontaminovan lokalité na PHbramska v porovnini  kontrolnim loklitami
Byl zisten rozdil jak mezi lokalitami, tak | mezi jednotlivymi druby zvifat. Je tedy potvrzen

ur
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Obr. 1. v jirech: A
extrakts ze 100mg lyoflizovancho materalu).
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Abstract
Inrst o eco-indl oxidive rsgets without i ide ot il grows. Feme(V)
oxidation potential exceeding potential of other commonly used

the electrochemical preparation of ferates from alkaline electrolytes. System contained
potassium hydroxide seems o be very perspective. In this system less soluble and easier
separated porassium ferrate was formed.

Key words: Ferrate,
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Zelezanoy s Gasom so zvysujicou sa pridovou hustotou (Obr. 14).
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Abstract
This ok i e on the compaion of t teciques of sl conducance
measurements: Scanning Tunneling Microscopy Break Junction technique and Mechanically
Conrolled Break Juncton ehnique. The sinciur of sidied compound 0-(yrdint-

allows the formation
o e ol g betmen o gd e s sopmmeon s o o
‘constant voltage in both of the used methods_ The differences, advantages and disadvantages
of both of the techniques will be discussed. Both techniques provided two values of

Key words: Single-molecule conductance, Scanning Tunneling Microscopy Break Junciion,
Mechanically Controled Break Junciion, Expanded pyridinium derivatives.

Uvod

Vyvoj & miniaturizace elekironickych soutistek se doposud fdi empirickym pravidiem, kieré

se oznatuje jako Moordy zakon. Ten odhaduje, Je se pocet soutistek na urtitou jednotku

Hochy advinih 21 18 méscl " Nieméné se blizi limit této predpovedi, a to kvi
m minimilnim rozmérim kovovych soucastek. Jednou 2 moznost, j:

ot «Aynahrldu Je g specilzcanieh ik, e by oy st jich

funkei®. Mezi nadéjné molekuly pati | prodlouzend a expandované pyrdiniove derivity

Kter by v bdouens mahly fngort ko melokuové drsy

Techniky pousité v této prici pro mefeni vodivosti jednotlivych molekul, metoda prerusovini

obvod U
st lagbadtiogaiia b by sguasites gt oo
oSt ol o plom v, Ve Bl vt vt skt BgotesJo
nésledné mozne ziskat hodnoty vodivosti se metodami STM-B] a MC-
BI méfi hodnoty odpovidaici vodivosti lcdrmllchh ma\:kuv je nutné méfit velkeé mnozstvi
vodivostnich Kivek a nisledné je satistcky zpracovat. Jako itini standard slouzi hodnota
o i odthnatipolednic sy siom.jednoivich slekirod p Jfch odrazen
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Litka
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chops pecificky vizat na zlao, 2ngho? jsou vyrobené clekirody pouzivané
 metodich MC-BJ a STM-BI
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P
NN
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lquinolizinof3.4.5.6-

Obr.1 5
a1, naphithyridin-15-ium tetrafluoroboritu.

Experimentiln st
Pied zahdjenim méfeni technikou STM-B) byl 2y nejprve zobrazen metod
esrova nclovacs miksoskole. Senning Tonneing. Miemcopy. STV, Ngen
metodami STM a STVI-BJ byla providéna na prisiroji Nanoscope 5300 SPM (Agient
Tecmlogies, USA) s pousiim sencru domici virby. Jako asirova sonda

™ @

ondlo: Vel By, ok Sabats & o o Skrods o meods STVER)
bla pousia s polykyulid desita s favnim slatim diem pro popoen
Kok, Mére metodou V1C-BY byla providéna v teflonové cele domci vjroby. Elekirody
byl Velki Britinie).

it desity pousivnt it o STME » STMLED, eflonont il oy o
by, hsnic O-krousky Kalez (Dupoat, USA) a vfkeré pislusensvi a nadoby pousté
oot T manipulaci xmenm £ i o ik B vyt s o
persiort, dale vy et dorisontn ol (s MO, Mior, USA)
Lt o0 e ﬂuu aesy iy i tanovym
I ai méficich
Sous bya dodsvara pisn pravilauchovivin Sy price

U mtod STMB) | MCBI bl provedena opimalizsce podinek mifen s
stdované litky. Byla pro i siepi meeni pro overeni podminek pred aplikaci vzorku
mfene litky.

Lita

1 i
rafivorobort byla navrsens 3 ynttzovan  sborstos Dr. Philippa P Lincho v Parz
Nien mevodan’ STV 5 STOLBI prpiala ve e sharcly (e biology rade,
AoplChom Gub, Nemscks) s 115 inehyhensons 08%, Signe-Aldich, USA) »
pomenu 115 ph Iaborstorn tepote. Pro metodu MC-B1 bylo 2volen pomér 19

Yl SO s nen Bt D TG,
D3R) Vit STALDE  NC.B3 by s rogmen domie 51y Svctch Dok o




Zpracovina programy domici viroby Transienty a BIShowl2. Sutisické analyza byla
provedena v programu Origin 9.1 (OriginLab Corporation, USA).

sty a diskuse
Jednim 2 hlavnich problémi méfeni vodivosti jednotlivyeh molekul studované litky byla jeji
ik st v 135-rimetylbensenu, ki se pro s vhodné vt ro e

il s Broi el il s |3 St s
i1, rpetive 1, iy ol eurol v i ol rospukita Ty
+ totnion macdsvi retylo mishi canol ve smés e virané, sby

b s kompikace 7o el oviens, merenm Sepie vk
STM-BI i MC-BJ

Méfeni vodivosti technikami STM-BJ a MC-BJ se od sebe co do_experimentilniho
usporadini pomémé vraznd i, Kazdi 2 uvedenych metod mi své vyhody i nevyhody
Jednou 2 vyhod pousit metody STVI-BI je snazsi manipulace s elektrodami i aplikace vzorku
do méfici caly. Propojeni metod STM ‘a STV-BJ navic nabizi moznost nejprve zoby
o by (slanlcled korod). Nk s ok b o el
man Ve i vodivest 1 pleend vybriném s . povTe b
Koribnck mevg STV & STVCBY siroven o, oahont psnge o
zachycenych na vicholu hrotu (elektrody)

et 2 nssadol v meody MC-BI je motat doshnt it e s

nez je -BJ, a tim | moznost studovat litky s niz3i vodivosti. Za pouzivanych

S o st s Sum pi ousii NICB) 5 10, ztinco g pouii STV-

5107

Iminlly MC) domhis pose ik nduiem skl ot iy |ednu stranu
i D o lktrod, nicméne pokud se mezi
achy sdoans r\mlcku\! o e i 4 motee wok md

kO Kivek ukaaiioeh na Geptind propoenl Sckiro Naopak pf poivin echiky

STM-BI

plipadné znovuzachycen ji2 zmétené molekaly.

Vysledky tky  On{pyridin-i-yDbenzofclbenzol 2quinolizino[3 4.5,6-
yu][lﬁ]nﬂphhvnd rusmm technikami STM-BJ a MC-BJ se pils nelisi Obéma metodami
sl v ooy vadivon v abislon s ulenih padninkich e
o) e e hcdum eyl o m"s 6710 S. Metodou MC-BI
s i 51 m 5249:10°S. Analyzou dat bylo
o vodhvens sdpovsh y jsou plata na méenych Kfivkich
368, To mide bt vysvElens sehyeenim vice net jodoé maickly mez caahict se

elekirody.

Ziver
Technikam STNB) a MC-B) byl méfera vdivos expandovaného pyridinového drvia

a ve s cthundlu s |
xpermemiinin wpoiclin . 2Hkal e b metodul {08 ooty vodtns
studované litky. Vylsl hodnoty vodivosti odpovidaj delSim platim na Kiivkich zivsios:
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Abstract
a I
Sl 00 b e Sorynromt. T s At SV e iy o ooy
clls and exports the macromolecules (such s lipids,  proteins,
Cabohydraes) Studying the wnsport Tschions of plasma membranes hs been rescrched
o, ithth development of echniues o iising membranes and onplasts, The
techniques
nm\eculur v  the waiale i s s Sy bt e Gnnet e Thé
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Key words: Plasma membrane, Separation and dentification tec
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Introduction
Plasma membrane (cell mombrae) plays an imporant o, b i g he ol
interior from the environment. Cell membrane consiss of the phospholipid bilayer with

mbedded protins. The composiions of hpid and prrein are vaied with the tpes and
Geveopmentlsags ofcll. o wel 2 the emironment

Lipids and associated protcins olutes and

They sre gycerliids (nanly phopholpid) sphingolids nd srl |

aSie e pendrace st o e et o Eospori sl v . s
e el expasion,the e & et ivoge 4o cun, sl o
response of plant 10 the environmental signals. Therefore, this process is important for the

st i dmeoghisn ot

Membrane transport is necessary for cell life, through the lfe cycle, the exchange of cells
b to mainiin ul the s The tafort i the merbrce i the moveient of
particles or solutes through the membrane barrier. The necessary nutrients are enabled o
‘come and macromolecules (such as lpids, protens, camunydmn) are exported. Toxins and
other toxic drugs are prevented inserting into the calls

The imsport n membranes depends o 8 sumbr of s he yrnsmembrne sl
conciiraton, h permeabiy of membran o the sise 4nd chrge of s, Te physical
o o 0 Wl ot o . g o 5 s of ot Bt

and lipid- protein. They also influence 1o the transport capacity of membrane and the
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methods of purification is

With he devlcpmnt of \snimmg lchniquesfor membranes and tonopats, the eseach

s menbrine tmaspor b becn more suied. Isoing i of gl

meribrancs and toooiasts enebe 1o rescrch i the reactons oF rnspon b YT m

racton of plasma mémbrane was puifed b the high speed cenifugation. |

tismethod i nefiint, such st ot th plsm membrne o the xmovlm In

this

“The isolated membrane vesicles are used f0 study the transport in the purpose to avoid the
interference from the metabolism. Through the process, the solute concentraions can be
Do e 0 e e i 4 i e

). ldentification
of mermbrane can be studied hen compain th. propeis o uptke rotoplasts and
Vacuoles released from protoplas

ol o b seintnlon oy v S ol Shogions

er that, a gentle
et s ot g e i i
s e Sy s SeAon sk B eons Aoy AR o vt ot
the process was the highly purified intact vacuoles.

To isolte the tonoplast membrane from the cell homogenates, afer grounding the fissues in
mortar and pestle, the density- gradient centrifugalion is used. The ratio of protein o lipid is
Tow, so the tonoplast vesicles always have the low density, s0 can be separated from cellular
membranes

Monitaring the transport of solutes ino the membrane can be demonstrated by radicisotopes.
I U8 TG S AL o o
inlation couter s used 1o measur the adicosiviy

Fluorescence spectroscapic techniques can also applied to study the membrane proteins,
especally membrane transporters. This approach has the advantages including the high
sensitvity and available instrumentations. In this method, only relatively small amounts of
proteins are required. It can explore the different sides of stuctural and functional in
membrane proteins

Wentifosion of membrane resporir bas ben s using the microscpic method in
Arabidopsis thaliana cultivted in Saccharomyces cerevisiae under the enhaced cadmium
preatielbptivohirs ey insponsabect

and mercury
1. The two transporters play an important role in e ey ol
tolerance and sccumulation of cadmium and mercury an effecive. method 1o

kel tanspor n plant b besn st mers by the dvelopment in stdying of
clectrophysiological approaches, Iabeled transport subsirates and pharmacological rescarch
i v o i s Pt o rs. il s oo
isoltd membranes ave been coniibted 1o these resewces in plani. Thre are many
techniques for i
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roscopy and intracellular microelectrode measurements at celluar level. Radioacive
Tacer v prefred o perfon for the whole e

In reseach process, the  method to study the plas port process h

s non- invasive microelectrode flux measurement "', The advantage of this

et e o i sl Nk of e e s I 2

 protoplasts or single en tssues o i s can be used in high

i Dl vt s . icrdes e bR e om0
dependence and the membrane ransporters

T i st il s et e ol i s
aptive responses is important for scienists {0 increase the tolerance
Trereloe, e eaction of physitogieal nd meabolc processes wllh e o
rocesss hav 1o b fonber sied. These escrchs ot aly mvalve 1 e fracion
ransporers.

The sssoduion botween sl rnsduetion and menbraes and the mecarien of
ansmenbrine wnspor lesd o sevenl exprinenl spproshes The nonimasve
mmmleclmde [hegiioellb Bl menbrane vansport in
plants biliy

sty of tansor prtis a1 contolled by inaling molsues ey e
thods of
oo downgeam s

Jin cells.

T i L e S
Limeinchle iy mbsis u ‘ompared the three different methods: scanning

electrochemi ectrod call st and i i volmmety and found i
Tost meod i the et ghighing method. Th phenomens of membran o nsport
process can be llusrated using ths mel

e o5y sl ol vl compenee T Gy i o o

pl s s il s it il
of hospholpid membranes, From iembranes, encions
el i oo VSt s ity o o s v
the two different phospholipids: the mixure of phospholipid from soybeans  and
12 gt g e

used
mnmum\ wa prosphaidyichoine(ecin) ueing. Seorochemica  impedance

Conclusion
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Prybeeilag e Ao bl imottul oo snin bl

hiveben etnsiely used in many plats Basd o thal, the phass. membrne por
and more clearly the ion channel activities
o 56,8l e 1o it e, svcins nfoematit o prosi Sclesi s fom

understand the transport mechanisms on the moleculer levels
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acnnlws i o they terat withproeins are sl lacking. Biochemical and biophyscal
In the future, the inracellular
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performed. This is a novel methodology and opens the new research branch in membrane.

ransport During the experiments, the conductors should be checked and optimized the
»
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Abstract
Amay of carbon composte film electrodes embedded in S6-well microtiration plate was.
it o RV ol S oA s R i & (VY
the_preparation of com B i and
nncondacivepolstyene were e e
the edium. I this medium, mnoemmuon s were measured, calculaied
HVA quaniicaion i was 03 umel L and dtsion it vas 0.1 ol L. Srption of
HVA on employed working electrode was examined in order to verify, if the current is
inflosceed b he i prcd berveca ool fillng o messcrraan. Tho o was nck
observed and current was sable even after 10 minutes

y words: Atray of embedded carbon film electrodes, 96-well microttraion plae,
DBl s vlaasnor, Hosovanth sk, e omseon

Introdu

Homovmillic i is imponant ad well Fnown dopamine metsbolte of human body
tration level of Hy 10 P !, schizophrenia *,

suicide atiempts 1 et i uml\md mers + vt Secmin of i

levels are mostly detenmined in urine sam s
s s s HALES oL C i recancs dcecion
‘and voltammeric determination ™1 can be also used

sl by GCMS . Otper b i

i RS S VORITE S5 O ) i 5 G i e

accessible for carbon electrodes. The present study is focused on clectrochemical

eeesiniol rocollegie el et Ml b s
6-well microtitration plte.

Py o s S AV ot et M A S Rpton o
ntional carbon_electrodes. Carbon_composites electrodes offercert
vanages sch a5 low cot, eaiely broad pointl sundow (dependen on P of the
measured solution), high signal-to-noise rato, and easy miniaturization. They can be essily
e e e it
with their passivation '* . Last but not least, these electrodes are usually made from non-
Tt o 4200 i st ety i e s i
composite materials can be used as voltammeric sensors for the determination of
inorganic analytes ", as well as of organic compounds "




Fig 1. Suveure of homovanillic acd
Experimental

Chemicals

For the firicuion of compsic dectodes, gnpite poudr (CR2 Gl Ty
Caceh Republic) was component; _polystyrene wmgng s
Bohaene e s th nomonducine bnds g ki e . e

Lachema, Czech as a volaile solvent

‘The stock solution of 1 mmol L HVA (luorimetric reagent, Sigma Aldrich, USA) was
g b it o o e g o i i
in the

Bitnbinon (B) bl s s sppring el were pepsd by i of
0.2 mol L of sodium hydroride (Penta, Czech Republic) with asolution of phosphors
borcaid and e acid Gl Lachems. Cch Repbli, 004 mol L ach. A henicals

for buller preparaton were of analyical grade. puriy and used without furher
o g

Testing of electrode was performed with 1 mmol L potassium hexacyanaferate(ll) in
1 mol L potassium chloride, both p.a. wrade, Lachema, Czech Republic

Apparans
Volamnetic mesarenents vere pfomed with porable poniosat PanSen (P
e, NASISEY, onirded 1y ST 305 st DTl i

s P ks whitay (CVY g i o
i clectode, plaioum e auliay lccods nd AGAECL O mol L KOl rerce
grode Qo Toad B, Curek Bpubli, o i ol posily ey s el

Hcioskeiied ool st w10 sl osbor oy i decnde s dmc
i o e o ok S B P e S0 ety
Kingdom) with a combined glass electrode.

Procedures
Pumessof he DPY ponal progm wers s follws: 0.1 ¢l i, 50 mV puse
height, 20 te. CV measurements were performed at 3 scan
4 measascnent v pefomed n  siand aloos dapeble cc" it (Nc!uled gl
composite electrode. All measurements were repeated five tm ent was
sefomed i the e oe, wiows vl cbrvi. The st ety s e
s the concentrtion of the analyte which gave a signal ten times higher than the standard
Gevintion of the lowest cvauabl concenraon

Preparation of the Flectrochemical Cell Sysiem
arhon ik for the fabrication of carbon composite film electrodes was prepared by

Horough iing of g nd ptyyn n - o seenly 05 L of clene 4

ach 0.1 g of fotal weight of solid particles was added. After complete dissolution of



St el s o g by v it A T
§ S8 e e el s e (G ool 0 e, Saioaie
B . Coch Repubie wih round bonom s el A5 & ol ot of el ot
dmmﬂcrm sproximasly § om sad i sprosimaly 400 L. s Gsined. At the

a hole was drilled and metal contact (iron wire) was inserted
s ol el sl appicd o cach cell Afer the sovent
evaporation, the cell set was ready for the measurement. The volume of the carbon ink is
suffcient for the complete covering of the iron wire contact surface; mechanical damage

pix
1

atlow potential

s and Discus:
Ievms' o7 FlechochenicalCel Sytem

The cedrochemenl behaviour of e spplicle doctode mistus was invsiges,
Repeatabilty
the solution of hexacyanoferrate(11) in potassium chloride.

i 5 il o e sk S o oo i
achicyed as in our frst cxpgriments with tis novel clecirode sysem; under the
Conditons i the same laboaioey

PH Dependenc
The behaviour ofHVA inmedinof gH inrange rom 210 (2 s invesigud. HVA povides

10 the oxidation of hydroxyl
roup, wilh the pusk potetia ecrcding lncady oot nceasing 1 sccording o, he
m]unmn V) = o406 1+ 07851 Tt 12 bt st ih e cge f the
Sl oaicn o o Y st of oy gy sl of caten] g 8
o shalne medium. Tho cument respon s B e mat Yot
Ioeasuetoets, 112 was eesiod 5 an Gpiman i

Sorption of Homovanillic Acid on the Working Elecirode
Sovtin o HUA o b emplond oo ot s el e

i th pe b b iy S penid Do sl i s s
lreion o WOt ol e S 3 MY st
were cartied-out in non-stired solutions of 100 umol L' HVA and 10 ymol L HVA in BR
buffer of pH 2

Cument responses were mesured afer e peried of O, 1 § aad 10 minutes. In b

s, th lorode esponse G ot show ey 6e1d up o 10 it Duin Ui e
e o RS0 B s pat B 3 ) e e ks
8%(01

Tt Follows from the obtained results that it is not necessary to perform the determination
immediately afer dispensing the sample

Comcstraton Deprs
ration deper optimal conditions in

T o 100 103 et 1 (Tl 1. The epondeees et ot i e et

concetaon range, Meaured DP volammograns we shown i Fig. . Repetbly of the

% (n = 15) for the lowest measured concentration in the calibration




care. The sandaddeiaion of teregresionln was 017 A (0999, Acied i
of quantification of HVA standard was 0.3

able 1.
anmcm of HVA concentrtion dependences measured by DVP at carbon compesit flm elctrode in
o2

T T T o0
Gmt)  ALaor) Ay L) iy
S T Vi [z v o3
o o ot s Tanty et e =005
w ° ®)
100 1
b | 4 A
4

o A
04 06 08 EV10 04 06 08 EV 1,0

Fig. 2. DP voltammograms of HVA in BR buler pH 2 at carbon composite fim eectrode.
Corresponding concentration in ymol L s displayed near the curves

iammetic mehod for the dseminaion of homovilic able
Wil puolid bl draniar ferthepsi i ol
earods embedded in Soowell micrtraion .

Fom t sk s on s abufer of pH 2
s the optimun medium. In this medium, concentration dependences were
et et FVA dmemmimaton it s 03 il 1

S o B S SO S S O I Bt

g v bl po 0 i et ot hesoton n e ol which s it
it necessary to perform the detemmination immediately after dispensing the sample.
Unfortnately,  means tht adsopive accumulaton cannot b wsed or docsasing FVA
determination limit.

is

Qotined enls e indamental b o e e, which wuld e DPY and
Y ik o HYA sl 0, Sl ol e Vi
etmuao oA MU s o
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Abstract
In present study we focused on the EPR/UV-VIS-NIR spectroelectrochemically investigaied
sthodic.reduction of various quinoxaline derivatives. In case of 10-ethyl-TH,10H-
dol: and ethyl 10-pyridol:
carboxylate derivatives, cathodic reduction represents a reversible one-clectron process
associated with the generation of corresponding radical anion. K

irteversible process is associated with the reduction on_ pyridone ring and the second
clectron besides the

corresponding anion radical

fquinoxaline derivatives,

Key words: quinoxalines, _10-ethyl-7-ox0-7H, 10H-pyrido[2.
lic EPRIUV-VISNIR

Introduction
Quinowaline decivatives are in the centre of scientfic interest due 10 their interesting
propetis with mainly biological impact. Aiiral, antimicrobial, ani-tunor and anti-
s it o v s it e e e red . Additomly,
v qunoes o riies for the consimucion of organic light-
it i . P e Wb & mproved stablty However, o
Carcinagenic actvity was Tound on ticyeic uinexalines | Moreno e al eporied the efect
of molecular stucture on the reduction potential as well a5 on the antimicrobial actvity of

piom, gl 8 i i 5y bl o v ik om
negative_reduct ovel symboioed 10 (o-TH,10H-
pyrido[2,3- qqm..m:‘..e et s e mbeiogots o poutnt 21 o ¥ s
synthesized rece ther sy 1 photochemical properies were investigated

Because the redox behaviour of N-heterocyclic compounds can signifcantly influence their
okl Mol iy, s s ot ool ot sl ol s 8
(Table EPRUV-VIS-

NIR  specroseciochentsry . Spectroeecirochemisry is combination of conventional
ol T o ko Wi S e il b o
dimension to.the elcctrochemical experiment. Therefore this method is very useful for

Experimental

Studid quinoxaline decivatives were obained fiom Deparument of Organic Chenisry of our
university . For cyclovoltammetic a wellas for spectroelectrochemical experiment, the dry
NN-dmelylfomanide (DVF) SeccaSolv® was ased a5 3 solvent Tevmhutammoniury
herafuopnospe (TBAPFy fom n Sine-Alich e n i ovn for 168 70°C
seves s th supportingdetlyte The frocne (Sgme-Al) s ued s the il
potenial st T repont potenias e e v B (o)




redox couple. Al were performed at room
e s e e ey -
working lecode a plaimum (PO wire s i couier decode and Siver (Ag) wie 2 he
et dlsitode s vl The smple constaion n DM was 110" M for
07 M for Concentration

of suppoting elcsilyie (TBAPF) was 02 M and 0.8 M for cylic voliammenry and for
EPRIUV-VIS-NIR specrosectochenioal exprinents, rspocively. A Hola PGISOUSB
(Lambrech, Germang) poteniosat with Paukasier 273 sofae package srved for the
potenial control in c)dumltnmmqm sttis and Heka P25 (Lambrect, ey
potniostat with the same softwae. equipment was used for the specitoeeciochemical

spectroelectrocheical cell suitable for optical transmission EPR resonator ER 4104 OR-C-
9609 and the cell was placed dircedly in the EPR resonator cavity. The working clectrode was
Taminated plainum mesh elecirode with small hole in the fil caincident with the light beam,

the electrods
Ag wire pseudo-reference electrode were used. EPR. specin ver ecortd using e - tand
EFR ke Bl EVAC (oo om0 18 A ki

Comcomming somware kg Bk WnEoR Acaiton Te
s e ok s, oo iy s (ovumss N o
AvaSoft 7.7 software package. This spectrometer was connected to the optical EPR.resonator
by apa B, A ety 12500 Gl Gommaes) s ol

oo roryeri ek sk g
assignment of potentials (o the recorded spectra

Results and discussion

Qunoslines posewing s byrogn s o n sl cubole goup t the C8 poion
tives la-c and 2a-c in Table ) show during cyclovoltammetrc reduction one reversible

Seotc kb hsksas sy %5 o e b F Ao Y 7 o

Tl

Overyi bel of
i 0 i o . B0 s o S BT
couple and rev irev

Labd R R ® BV BV
Ta H H H T -
boocw c H 2u
e G Cas H RE
2 H H o COOCH s -

2 CH CHy  COOCH; 203 -
% CHo CHe COOCH: -8

3 H H  COOH 164"

B CH COOH 1S

3¢ CH:  CHi COOM 170" 208™

The
sligh posiive potenal s (100 m) in i e o kg
€S carbon (1a-<)

o ot 00wy e P e (o T S A% et




pheny! groups at these positions resulted in a slight positive shit of sbout S0 mV for 1-3¢
derivatives due o the extended 7-system, as shown in Table

o speoeloanochenical mesauromons on model compound 20 posssing i eyl
s o 5 B 8 pomhen soves o s sy S
Sultanecus generaion f a il aron evidenced by EPR wete bserved n th rgion of
the firt reversible cathodic voltammetric peak (Fig. 1 right Fig. 2a).

5+ 20 % a7 98 Za 3z 20 a3 e o
Eivys FeFe ElVvs R
.3 Coltlymersgrms of 1M mlvmalss I P soxton 12 M TBATTG
left: derivatives 1a (solid ine) and 3a (dashed line); ight: derivatives 2a
(et T and 2 G e

i Table 1) the cyclic:
show more complex redumm behaviour, esdn\mmg o cathodic peaks 2 lusaid in
Bl . followed by second one.
scam e f 100 mV 5
L B S i vty it it mm«.-,mmm nd iroqinclans
with amino hydrogen at the nitrogen of the enaminone system ", e first. cathodic
Rt Ve . Mo og Ao Ao TS, (o o
o v g i, iy Sl s ] i s 0 s
substitution at the nitroge Table 1)
previously sudied and
eiiiny M eriltoriog el s s
discoversd tat n cus of quincalins I both lsctron rnse proceses are ifison
controlled and independent in the mechanism. This is supported by UV-VIS-NIR
Scrosectoshemisty (B, 25) More complex Vehrviows inicues consccuive henical

with

presenceof a cabonyic group s o Conitsing e o i e e, interaciion of

via a sx-member

Moreover previous cyclovoltammetric investgations of the quinolone antibacterial

drug ciprofloxacin showed two cathadic reduction peaks at -0.81 and —1.25 V vs. A@ASC,

attributed 10 the reduction of piperaziny and pyridone moieties '™ The later potential

st wel i mevzrnb\e reducion Sep of the qinovaline saboxshe acids

observed in our stu ently, we assume that the first cathodic reduction takes place
e ety o don o




s fo e of G i g S cubongic i s s
EFRAIV:VIS-NIR sy slciuchemty,sas e, The o o e vt vyl
cahotic peak of 3 1 cxampanied by th cmesgence of 8 sew opical band around 300
nd  decrens of the band t 350 am found o he el mekecule 3 (i 2 b lnes) No
radical formation was observed at the frs cathodic pesk.

P b

iy

Fig. 2. UV-vis-NIR spectra detected simultaneously during the i sifu cathodic reduction of
2)2b and b) 3a (scan rate 2.5 mVs ', 0. SV TBAPF, in DMF). Inset The representative EPR

Interestingly, i the region of the second reversible voltammetric peak, the band at 400 nm
remains unchanged. and three new bands at 428, 535 and 655 nm arse independently on the
band at 400 nm (Fig. 2b red lnes) Thisis simultaneously coupled with the development of an
EZR s (o i I Fl 35 T ez s of o e Comed it sl

o psk of the quinoxalivesfom g 3 prsessing 3 o 1 C3 s vry

wroups |
S o A o e o e gt s WA B o
molecule, ing on the py 00H

8 and

The reoxidation of the product formed at the first imeversible cathodic peak of 3a was
observed at a strongly anodically shifled potential, where, upon oxidation, a decrease in the
400 nm optical band intensity was Found (Fig. 20, reen lines).

On e basis of ol mesmremens, e o the i el rfucion ek 1 the
reduction process on the 0xo-group of the pyridone ring, followed by a second reversible
pervirel sl inbart oy Lobe ol it roge iy
corresponding radical monosnions.

Conclusions
“The EPRIUV-VIS-NIR spectroelectrochemistry as a unique technique for the simultaneous
monitoring of the redox processes was successfully applied 10 2 relatively complex problem,
namely the reduction of quinoxaline carboxylic acid derivtives. Whilst the reduciion of the
quinoxalines with unsubstiuted pyridone ring (1a, 1. 1¢) and S-cthylcarboxylates (22, 26,
2c) exhibits a reversible one-electron reduction process associated vith formation of radical
monoarion, the reduction of 8-carboxylic acid substituted quinoxaline derivatives (3a, 3b, 3¢)

11



more complex. Their spectroclectrochemical investigation revealed two reduction sieps,
frstirreversible reduction peak was assigned to the reduction of newly-formed six-member

ting on the pyridone moiety with the COOH substituent a the position CS. The second
feverable edurion siep i ssociaed Wil the rducton processonthe et efint
pyrazine ring, which is coupled with the generation of the corresponding radical anions, Tt

T o cahowyic Subsiuen n he edox poces enble e nercion Wi th -0
oup of fhe pyrdine fing, which < posihy deemine the characir o thei potetal
biological activities.
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n of Selected Components of Human Urine by Electrophoresi in Short
th Hydrodynamic Sampling Controlled by Pressure Pulse

s hydrodynamickim divkovinim

enym tlakovym pulsem)

Anna Maklikovi *, Frantisek Opekar *, and Petr Tima *
“Clais Usivesty i Prgue,Fiuly of Scince, Degarmentof Ayl Cheisry,
‘Albertov 2030, CZ-128 43 Prague 2, Czech Republic, E-mail: opekar@natur cuni ¢z
“Charles u"wm, in Prges, Third Fiulty of Modiin, nsiute o Biochemisiy. Celland

cular Biology, Rus Prague 10, Czech Republic,
E g oo et
Awirac
A ytrodyamic smpe intoduton mthedsotled by presrspls s b proposed
for short-capillary electrophoresis. In the method, the separation electrolyte fushes sample.

from th o o sty sampling vale an  catic 1 he Ijection cod of th cnilary
shor pressure impulse is generated in the electrolyte stream at the time when the sample.

Zone s a the inlet of capillary, leading to injection of the sample into the capillary. Then the

Sl sl 0 somick e famed 6. The smount of sample
roduced by the duration of

used i the deermination of ammoria, creatinine,uric acid nd Hoplold s e e

The iinni 945 calinant I & b o &1 ol o

sepaation dectrlyts vith composions S0 mM MES + $ mM SeON 1 5 by 1 M

aecicadd + 15 mM crown eher 18-rown-6 (pH 2.4 A dunlcontacles conducivityl UV

el o e i

et oty docnplovti S ol Hylcdyiois RS, At
Creatinine, Histdine, Uric acid, Hippuric acid, Ammonia ior

Kaption dektotoria (CE e 2 v vy s oo, i doy s
i ol o ol 1 i o g e
se slozitou matric. Ve standardrich (komt ercnedusm Al CB i 5
apiiy o décc nekoia stk om s do N
s sy protem, hedovid ey b aphemtcfon eskel, moriore
\elkyeh soubod vabrk pousil i imenaionalnich sepaacich echnk) e adout,aby
doba separace byla co nejkrats; | malé zvyseni rychlosii separace prispiva ke zkriceni doby
analizy, co ovlivije pot yeh vzorki za jednotku

Utinnou technikou pro zvyeni rychlosti separace je zkriceni separatni drihy. Jednou
2 moznost je provedeni elekiroforézy na sklenéném nebo plastovem mikrotipu. kdy je delka

gty Tl itk & il ke o il ke .
Frkicon e bk sl s o e g oy AL gl sl
elektroforeii firdéhemigodmetigol svibantier i i

e\sﬂmfuulmk)ﬁh il aReh 4, vlons ek s i 1 s vl podle

Technicky jednoduché feseni umozuici zkriceni separacni drihy je divkovini vzorku do
‘s koncekaide (Short Endnjcion, SEI). . do it ke e biko k detotor;
i lze Gasto vyuZit komertni insirumentace perimentalni variabilitu viak
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eI s o 1 VKIS

Pockipes i s i g8 gl < [ORGR klmhnch e jejich
amcrtnd pohymicst. Peoko mus bit spuatrs paviena fak, potfchn
expermentln kaky, fedevim divkon vaork 3 o b M

provésttak, aby s kapildrou nebylo nutno pohyb

i e et Ml W Sl il Vo e ekl o
obecnd kriickymbodem ik WA i I3
Tk ey i salosens m piocips popse )
Dkoac ke iy o vto v g iy, .o dns ikt rou tad
kit (Y%, s Kt s ot Sovicomndiy vkt vl iedovin %
weky zona vzorku. Béhem pritoku zony vzorku kolem ici k jeho
o do iy oA o o e Sekneockin ibentn
vt e npalh % PG leciokneickém, divkovn o itk mncist
nadivkon itek ve vaorku zavislé na jeich elektroforetické mobiltt a na celkové
vdivens s e ati viork, Uvedent ity Tl tkersHoené inkovin ppeand
vt prici Jho prkticd pikoienost jo demonsirovina 1 sepan 3 sanoveni
nékteryeh slozek lidske:

Experiment
wkov:

«
dobk 7 (), o A, e s
S Sesmatnl i ()

Tt e o oot VTP i, it bl 1 ooyl wkovaci
Ridchee, Divkovadt Koneskapleyje vaurul s | mm Haboko do pvedt PTFE wbieky
(3),jiz po dobu davkovini protekd roztok BGE se zonou vzorku. Ventl (8) na vystupu
2 nadobky. Tim je v aparatufe generovan tlakovy puls,

jimz je vzorek nadivkovin do kapil

Casovi sekvence divkovini je znizoména na obr. 1B, Dvkovini je zahdjeno zapnutim
lindm umpy punpui BGE o sotznim pepntim divkovaih venil (4 2 poloy
load" (plnéni davkovaci smyCky) do poloh eite dobé, nutné k tom, aby se
Sina vateku dostala proudem BOE ¥ Gavkovicim kone Kapiliry ¢ na deinovancs debu
akiivovan uzaviraci venil a takto generovanym takovym pulsem je vzorek nadivkovin do
Kapiliry. Lin diouho, aby se zona

o divkovaiho konee Lapiey Po sypuu pumpy e sapmt vysckonepttony 20t 4
Zahiena separac. Cinnostednodivgch Gt aparaury byl pes Jdnoduchd tetace Fizcaa
potitacovym program

k3

Separace byly providény ve sndardni Kiemenné kapilife, 50 um id, 363 um od, o deélce
celkovi/k detektonu 10,5/8 cm. Elektroforeticka aparatura byl sestavena v laboratofi a je

eckonspias Astiodon askegAtomins ida Septaes. s vk
separagnim napéti KV

Vaorky s ziskané od adiaseho dobrovolika bly analzoviny  den odbi. Mot byla
do kapiliry
b vdym. poris 0.45 um a naslednd ziedéna S0 nebo 100 deionizovanou vodau
byly provédény ve dvou BGE, S0 mM MES + 5 mM NaOH (pH 5,1) & 1 M
HAC + 1,5 mM 18-crovn-6 (pH 2.4). Dille uvidéné vysledky byly ziskiny pis opimalizovanych

14



i o, o I i i Ul 104, B ) 00 1
mLimin; doba kiivace uzaviraciho venilu, S s, <as (c; doba trvani uzavieni
et vt 5 seoe kvt 03 5 5 .

Obr. 1. Schema divkovaci Cisti elektroforeticke aparatury (4) a schema &asového prilbéhu

divkovaci sekvence
— divkovaci nadobka sestavend 2 plastovych T a L dilil pourivanych pro spojovini
hadicek maljch primérd, 2 - separacni kapilia tésné zasunuta do 1/16” od x 001" id PTFE.
trubieky, 3 — privodni PTFE hadigka 1/16 od x 0,031 id, 4 - esticestny divkovaci venl, §
- Jivkovci amyeka o cbiems 40 L, 6 - lnemi pumpe pumpic po dob divkovi

2kladni elektrolyt, 7 — zisobnik BGE, § — usaviraci ventl, O — zemnici elektroda
vysokonapétoveho zdroje.

B s koo b e o skl ponpy ol sfoch
venilu, d - doba uzavreni uzaviraciho veniil, 1. doba davkovini vzorku do kapi

Tl vysokanapitonéio weie bl soparie.

Vysledy a diskuse
Elekiroferogramy vzorkis moe ziskané v obou BGE a sowcasné_detegované obéma
detenim sytmy jou ot 2 Na sz 2 C1 D BGE ol 0 mM MES + S nbd

i byl registrovin pik nerozdélench anorganickych iont, pik istidinu a kreatininu. Na
zamam 2 UV ekt sou 2 e nenabiych [ et
{BOF) do olsend ey it ippio 2o st v i BGE b

inincit s Wraatlore o3, Weeahiar & kyeslins moSovan & Hippuov
e sou v ablee

¥BOE a1 MHAC s croun e o o s £ el cind
anorganick iony 8 kreatnin. Na ziznamu UV detekton je dobfe vyhodrnrieng pouze pik
Kreatininu. V tomto kyselem BGE pochoptlné nelze sanovi kyselin a pik hisidinu i v
oo dechoreh iane el o Sy i, oo veh ety
dervit, jeich: detckee v kysclém BGE je Gilings: nex v BGE neurilnim
gy  tont BGE by anifkovan amonn oy ki ey o
viabulce Il



Tl 3
e
2 v 2 s g ©
§ £8 H
g 52 £
£ £
Sl 3% 3
| ;
eor
2w % s T EEN R
Migraeni cas, s Migrai s, 5

.2 s dktoferuani vzorky mofe st 1D a Y deekir
(A0, ok atedén vodo 1-80 BOE S0 mM MES + 5 mM NaOH. sparai apedproud 5
KV/3 pA. Identifikace v\ku—ncmldﬂen: anorganické jonty (1), histdin (2), kreatinin (3),
neutdlni Litky absorbujici UV zafeni (4), kyselina mogova (5), kyselina hippurovi (6)

(B): mot natedénd vodou 11100, BGE | M HAC + crown ether 13-crown-6, separatni napét 5
KV/I3 pA- Identifikace pikih - NH (1), K' (2), Ca (3), Na. (4), kreainin (5), histidin (6)
Tabulka

Sl Lot i, Ryl it § M0 Y st i Gt
t0da). Vzorek — lidsks motivoda 150, BGE S0 mM MES + S mM NaOH, separacni

napéti/proud 5 KV/3 A
Andlyt

Nigatn Koncenvace, RSD % Romah Mo

ass mlL gl
Tisidn (D) 2k w030 13600
Hisidin (UY) :
Keeainin (C'D) 3621 6102150 52300
Kreatinin (UV) 24900
Kys. motovi (UV) w0-610 118000
Kys hippurovi (UV) 501670

27
") Potet teoretickych pater byl poditin ze vztahu 3 = 5.54 (1/wy Y., Kde f e migraces £as &

waje sitka piku v polovicai vysce.

Toeart
tanoveni amonnych fonti a kreatininu (v zivorce je uvedena detekéni metods). Vzorek
T motuata 100, BOE 1M HAG 15 it v s 1h-rowt, cpaatd
gt SRV
“Ana

Mgl Towein O Wm

mgL
NI, e 132000
Kreanin (C'D) 6820 1666275 95600
Kreatinin (UV) 17171159 62700




Ke sanoven uvdeni Lt v abou BGE bya pouia meods sandardib pdava
visledky jsou medianem ze ti vyhodnocoviny byly plochy piki. Je videt, 7e
Vmerichmeralo spoehlivost poskyli C1D a UV Gtk Sné visedky e nayt,
Kieré lze detegovat obéma metodami. V predposiednim sloupi tabulky 1 je uveden rozsah

Koncenai, ve kerjch se uvedend slozka mize v lidské moti vyskytovat 7a normilich
fyzioloickich podminek *, zjistené koncentrace viech testovaneh slozek do uvedenych
rozsahis spadaji

Zivy

Navrsenoje jednoduché zaizei pro takem fzens divkovin do kritk separai i,

e jo vhodnon a2t poutivané divkovind dkikineickémy 24

umozuje snadnou zménu divkovacich podminek jedine

Sakovih i  spso5f Tt sepanics B v il 1 1 o zre’mc 3

s sy vk K oo D viren e aed byl poutis ro

Vlidské moti. Dob lo2ek, amonné

oty Keainin, istcin, kyslna moovs & hippurov, byl kel 70, a0 sanoveni

vie dedovan{oh e vedvom BGE i poui i decke ik el islin, bylo
pufi. Zafizeni je vyuiteiné i pro rychly screening obsahu

i oo i ko
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Electrochemical Oxidation of Brominated Phenols and GC-MS Analysis of their
Oxidation Products
fenalii a GC:
produkti)

Eva Markovd, Pavla Kuderovi, Hana Svecovi, Jakub Taborsky, David lirovsks. Jana
kopalova, and Petr Bartl

Regions] Centre of Advanced Technologies and Materils, Department of Anlytical

Chenisy. Fcity ofSiene Pl Unversiy, 1. istopda 12,7146 Olomouc,
Republic, E-mail: markova e@email cz

Abstract
Elcrochemical oxiduion, of four brominted phenols (2sromoghencl, 3-sromapten
“tromaphen, and penabromophenol) wis sudied using volammety an gassy crbon
electrode and. tial electrolyss on platinum short-
chan primary b D etk o et Sl v
Siiel iy g il S e osmsy. St oo W
i s i etires wers prOpOsed

rds: Brominated phenols,

Key clic. voltammetry, Oxidation, Dimerization, Gas
Chromatography, Mass spectrometry.

Salogaarad oy vl ol o Bkl oo Bl i
jejch
it e Frivgg
relpmmedlu elekirodony poten
yozitim nejriznéiich elekir i
diamant *a dalsi vod uh hanismus oxidace zavis na
e e s e o sl s it e ol
o ot Tl ich ogenovanih devifoyrovisens Yk feoosy il
i ko b il ooy olipmmery e clymer, Ty okl el
ol o ik K et 18t powsh 7 Spof ikl
TS et poey brota typu. Teio mehurisos plehih g ocidc
ol ki pue e a4 o osset ¢ WO sp0fen
Casbou C.C  vorb chinoldnich plymerd "

?

ko jaon sl pr

Proces lekirochemické oxidace byl doposud studovin pocrobni poure u_ chiorovanch
fenold, zatimeo o oxidaci bromovanych fenold existuje jen velmi malo inform:

ettt e B

sl Sl Gyl ot it ikt il ek

obsahuicim 90% p Wkchol (meanc, cancl, popanc. butanl) By sedovin Vi
Srktury vichonch ik o vslodnd onGaEn roduly,

Experimentilai Sist
Tl nétnd

o S R R W, RS Al
et B Reomononio, ot (OH 0+ ki skohlon (ncanel oot
S iy s S i 5. Boscamate oottt R
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ozcku byl 2. 10l 1. ametie na prisi
ol POSTAT 128
refren kalomelovon  pomoenon iinovdw Sikiadon, yehlos polurzace 0.1 V5

Potiostatcilkrolzsbromm e ol
Hekiljza bromaangch el *mol I, celkovy objem 50 ml) byla providena

7 outmisi poenthn = 1 V. Llaere\yu prnbma\u  michaném roztoku po dobu
i Ziudn kvt o1 ot B hcbmaonovim puiom G = 8) wc\o‘
o koncenract 2 mol I aloholem (s o eopancl, butach) + o

foky po dkirlze by opueay na vl i poté extbovinydo eopece Po
e\lmkcl byl 1 orgniks fize odebrin do vilky pro c( S s 8 st
n i okorem Aglet 973N
g adaieiat et 2 s e pperie oy i
bl ko nomgm e, Tepon progam by avn 2 50°C - 2 min - 10 Cimin.

Visedhy a disuse
Voltamerrické chovir
CyHické volamoggamy 2-bromfencly (2-BF), 3bromfenclu (-BF), 4 bromfenolu (4-BF),
fend v 90% metanolu na elektrods ze skelného uhliky, ukazuji anodicky signdl
Pl potencialu kolem 0,8 V. Anodické proudové odezvy 2-BF a 4-BF mai tvar dvojviny na
rotl o pe definovného ik 3-BF. Olinoschovin 2.BF s B od 3DF jo pumd aké
18 st vlmbemons. ¥ il 48 151, sy nepodvat M
Eodht vios o saamegay 3 BF 3 57 sy ookt ooy o8
oenciech e 0.1 5-03 Y (-3 v 05 ¥ (4.58)

PBF (Obr pi )88V a v obriceném
sméu polarizace katodicky pik pi potencidlu -0,13 V.

Obr. 1. Cyklické volamogramy (4) 2-BF (—),

BP (-
=691, viv), Méfeno na clekirodé

2 skelného ubliku. Rychlost poarizace 0,1 V s
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Produkty elekirochemicks oxidace bromovanich fenoli

SO st ekt wabhy L8 303k wmniy min
nalezen Nunv oxidatni produk et produt se b e vcxm\kw:h po
LBl st 344 ve

v pros
sijném retencnim Case n byt phtase ks v axidatnims prodks 2.5F
Sonikajcima joho oidac ve vich alkéholech. Ana§zou prishusosch hmomesnich speker

byly tyto produkty identifikoviny _nejpravdépodobngji jako  dimery
55- 22diol (Obr. 24)a 3,3 ¢~diol (Obr. 28)

S analyze extrakid elekirolyzovanych roztokil 3-BF a pentabromfenolu nebyly
o dimen ey ooty

A LU o

ek dimerich cidubch produktis (A) 4-bromfenolu
18 2 romtemts 05

Visledky 0 price  naznat
a pentabromfenolu se Isi od chovni
pi anodické oxidaci dimerni a2 polymeri
P e e e ot 1 pos

I dokchonicks douini_ monbrontenod
el 288 Qo
comovangch anslogh byl 5

oo
s i podpons prekti Minsterstva Skosti miidere  Eovichovy

EERE Ly (LO130% st roram vadliovns ro Korkueneccbopnon -
Evropskem socilnimu fondu (CZ.1 0712300300041, Univerzty Plackého v Olomouci
(IGA_PrF_ 2015 020) a Grantové agentury Ceské republiky (P206/12/150),
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Electrochemical Study of Oxazabor
(Elektrochemicki studie oxazabos

Chromophores
novych chromofori)

Tomis Mikysek " Frantisek Josefk ", Karel Vytras * and Jifi Ludvi
vy of P, Faity of Chamicl Ty Deprment ofAmslyicl
Chemisty, Sudensk $73. $3210 Pardubice Crech Republic
E-mai Toms Mikysek@upoecz
" nstitute of Organic Chemisiry and Technoloy. Facuity of Chemical Technology,
sty of Prdubice, Pardubice, Stadensk 573, CZ 3210, Crech Repubhe
©1 Heyrovsky Instiute of Physical Chemistry ASCR, v..i Dolejikova 3, 182 23 Prague 8.

Caech Republic.
Abstra
i combusion describes a basi desrochemical sty of  seis of newly synhesized
chromophores based on the oxazaborine core. The atietion was focused on determination of
the their tothe
callsed hihest oceiied molesr il (1OMO) and Iowest unocupied ol
rbial LUMO) e The xidion s mosy ot leion evrsible roes the st
reusion i dso mvesle, ut waving ane locan For beter underoanding of he
eltondbi, between th sracture and fedox. properten, e approach using sigm (Par)

consants. of Hammet type as applcd, he difrence between E(0%) and Eled) et

corelated with the HOMO-LUMO gap.

Chromophore, €

Tvod

§ e et ool tsdiln et oposkslh o s o
v popiedi zajmu_ materidlove mioes iy sk

asos ko mpt, Torescence vpmm o ot s, Domtst

tepelng stabilita, biologickd akiivita

Py i S Ui i o bt sl ik 12

doby byl zaz st praci zabyvaj tematikou. Z nékolika
ekl Soubcn 2 pori s by i x it s o,

se rozvinul novy obor zahrnuici celou fadu tEchto enjmi viastnostmi. Prtom
som bin vo skt aatn i e\ak(remcke g o el oien

ada borovich
chomicko | eon subi, aiird k. olival vioucs o, Ioelnt
hove,tploim kolem 300°C - Macho échio utenin (sapt. BODIPY -
st e ¢ skl ¥ Wk Mok, DL (et
nelined o v nepostedn fade i v medicné v tzv. zachyiné neutronové terapii (angl.
Boron Neutron Capture therapy)

3

¥ posnich kol eteh s Oddlent mehanin, gk s e

snclogie Univerdy Pardibice 2abji vjveyen melodiy po syatéz henfel

fary PRy Reteroyi. Tento prapevek navamie n predchot piblkované

price **** tkajici se syniézy a charakterizace novych triazaborini a oxazaborini (obr. 1)
i i téchto itek




L e Subsienty. X - NF, OCH, I, 1,
“Br, -COOEL, -CN,

Experimentilni
ek ey oxsbornd bty syctzoviny 1a Usavs orgické_ chenie
 lechnooge Univrsty Patubic. Po dekimchenicks sudum bl ko zikidnbo
elekirolytn pousito BuNPF; o koncentraci rozpusteného b
N.N-dimethylformamidu (DMF).

srumanace. Vs dkiochenic mfen by providéns s pioi AUTOLAD
ode 'PGSTAT 122, Metrohm - Autolab B e ey s
ovou b pip:
N ke s s el S e it e
elektrodu HglHig:Cljsat. KCI oddlenou mistkem obsahujicim roztok zdkladniho elekirolytu
‘pomacnou elektrodu (platinovy pick).

Postupy

Cylickd voliamerrie (C1)

Tyto experimenty byly provadny v roztoku vyse uvedeného clekirolytu, obsahujiciho
prblizné 5,10 M pisiuiného derivitu oxazaborinu. U vt iy exprinn by poutiy
nisleduici podminky- na platinove elekirodé probihaly experimenty v rozsahu potencidl od
0,0V do +1,5V (oxidace) a od 0.0V do 2.0V (redukce), na visici tutove kapkove elekirode
(HMDE) od 0,0V do 2.8V (smér arychlost poarizace byly ménény podle potreby)

Voltamerrie s ronici diskovon elekrodon (RDY)
Volnmesie s gl diorey ekl (DY) byl povidn ot oo ot 500
21500 oL opt  rzsaha potcncial o uly do 115V, esp 0.

i

Tk e by ko pracor st pac ovd baphond ke
CONE) aomo vty 2 70 o amény polrzaénivo nape 5 mVs. Poseni
Potendl 100 8 koncovs perenddl 2 25




Visteduy
Toto prie o v poisy ikl dloktochenickéb choval oxs smeizovnseh
cxazabornt subsituovanjen zngmi skupimam & byl pitom siedovin i bt

o siltury 8 oxidatn . redukin vasacel e ik v sproackéen peos
el b ey o i
ana rozdil mezi nimi.

e

il proniho oxidagnio procesu se pohyboval ¥ rozmezi +0.67 V a 41,27 V, pro litky
ol ok dono e sy i, OCry Cl%, H y ) U lisk
CN, -NO,) se oxidacai proces.

bl il plmleid sk oo o ot s s
Kiera je jednoelektronova s limi . idace o 3¢ s RDV pam pRbsné
G nenon. 2 o 5 enou . dho oxidaci, kterd je podle
experimenti CV i idatnich i
Haetowejh e ) Komsdeh i ek e sy (OCH, 1 )
se oxidui stejnym mechanism € substituenty ovlivin

oidatni reakei pouze pomoci mdu\émhn s Da e sobens, il

Redul
Pl i et ok, visch shdovangeh ik so pobal v
TS ¥ b SCE Jole s o e Mot ovasbi procs ©or. 31
I elzkmmikceg\ormd\ skupin (COOE, CN, NO2) byla zjsténa Sistetnd reverzbilia s
el kaofckého, 3 aodickeho ks odpoudat jodnodironovémy
rocens ek svidon peveich rdikénch pme\ma.m e Hamettovskych kons
g )b i, B sy st sl e s iscbem
ot e,k okl gt nénou zavislost
e so s

2 Reprezentaiival zaznamy oxazaborinu subsiituovaneho methoxy skupmou Vievo:
cyklické volimeti, zméng polarizacniho napét v = 100 mVs; vpravo: PL-RDY, rychiost
rotace eekirody 500 ot min”!; koncentrace litky 0.5 mM

Diskuse

Tato studie se zabjva zikladni elektrochemickou charakerizaci série nové pripravenych

Sl i, 5 Bk o Jt e it Iiad Skl
ni byla vénovina pozomost v predchaich pracech *'". Zikladni elekirochemicke.
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oy b postod VAol bly ooy pomod Rt
voltamerie, voltameie s ronici diskovou elekirodou a polarografie. Hlavni pozomost byla
oustedn e v o vt o s e T 5 poenct ey
Koreluje s rozdilem encraetickich hladin HOMO  LUM

Zanalgay elektrochemickich dat se podafilo lokalizovat centrum oxidace a centrum redukce
sl ot 1 Wi S8 vl | ikt iy S il
il < Hammetiouskou Lonstaiousgnlpas) psluiného sttt & o danimu
rohktaimo, 95 docbl na dvos misieh heloeyklickie Jbrs vhdy i
nhantamen, e ok scncily uos ovhntag Sibimani lces, Nespak,
 lipads dicthyamino- (xidace)nebo mivodeivi (edukee. pRATS redon d provih
e Emceich bdescie, iy s kst Tocshd Vil 1k
v souladu s experimenti

Daim it parnciren je ol ity g oxiace s g o Tao

hodnota koreluje s (010 LUNO »
materidlovy vyzkum T i T s sovsges s e v hodnota
pohbuie kolem o podobn Hodon jako . predcho stadovns s

ittt

Zaver
Tyto informace o zikladnim vatah mezi strukturou a redox akivitou  nove série litek
umoni clent ovivova oxbdortainot / rdukovaeinon sk dalfich generact 4 poroc
Uhodné Sruktry a subituce Tim bude mozné ~yldi PR viasinoss pae pooy
aplikace. Soutasné se ukizalo, e clekirochemie je meioda. Kierd mie poskytovat
experimentalni dsje o rozmistén a delokalizac elekironi v molekule  tim umoznit korelaci
s kvantovmi vypoty

Podikor
Tao price venikla za inant podpery Minisersva Solsv, mlidere a @lovichony Ceské
Republiky projektu CZ1.07/2.3.00/30.0021 "Posileni excelentnich tymi vizkumu a vivoje
ns Univerzié Pardubice”.
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Information on Several Interesting Case Reports of Liquid Mercury Intoxication
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Abstract
Ths convhuion, tors on sevnl meruy o rofadons inovicador. 1 o be
summarized that i is very important 1o differentate among forms of mercury which can
{acut o chronic) endange human halh. Cotrarly o the wlde m.d fos ligid maraey
epsents low anger o en ad o envionment. Soid amalgas ae prbaby e s
e foms of mereey compauads, o b, widdy spend Gy o

e s o e e e e
e ot e 25 towc merary coniniog’. The aricle dscusss th nsroion 1o
removing mercury from our environment. Most of the reported data are based on database of
the Czech Toxicological Information Centre (TIC) (from the years 1995 ~2015).

Key Words: Mercury, Poisoning. Toxicity of mercury, Czech Toxicological Information
Cenre,

Introduction
Minyleymen ardcrin o eyt s comnced e ey represns e ki

On con i

prejudices, f i emen in poe foem, i
o i st vy o 5 1 very e s misitomain s videsrad ven
‘among experts. This leads to extrusion of reliable mercury f voltammetric
ot s il st O ooy g e s o e o

several people from the Czech Republic yearly try o realize suicidal attempls by application
o iid meuy raly inmvenusly o puenously (nsucsstly). Similary, mid

sty G ety g Sl et ol b st i e
containing liquid mercur ers. barometers, electrochemical devices,
o b g et

‘Contact with liquid mercury is very limited . On the other band, fiher sk can be et

sty ool e Yl gl Dl o U Bl oty

veptes b lungs s pacicaly complt. Dos 10 ey seubdley in s, mercary Tolocles

come o bran crlaon nseme i, They ros hmsioncptali b wnd e
i brai He' (e

S e S o ) i s e o v e, Sy

g catalase mercury is transformed to Hg®  in erythrocytes, these ions are distributed into.

mosly n adens, Kidocys reac by rocueion of mealiooncis (M) —crscins i



proteins " - which bind mercury. Kidneys (proximal tubulus, gomerulus)are damaged after
their saturation

Experimental
Moty Do
o o sy I i ot I ey soopbiontied M I e
1o iTrenaebeween ol sonentof erery and coment o vailabl s o merery n
mentioned different forms Spectroscopic techniques, more. preciscly, ulumvc  siopion
icable.
for determination of mercury vapors s wel as for deteninain of i o ey o
o (0 i or Sl el s Sl omepind, . senetel v
concentrated in o of old amalgam from which merery s relesed and e ermmed g
RS (g AMIA 354 Anac Coc Repo s bl s of d
(LOD) of s, in waters about 0,01 ng Hi L™ and in urine 0.1 ng L™ Vohammqnugdmu\un
can be applied for determination of mercury in various matrces i electrodes
8 b g by ol et (e B i s f ol ki Ao
i
e S s st be meharcaly poished and finaly clectrochemically
cleaned from the oxidation

1001 gL
Data Collection
e special
I 5 Ao i Sl o e gy 1 between 1008 nd 2015 he insttuon
being the  of choice in the Czech Republic. In each inguiry, several dat

e s e o oo 5 b o S e S
of the patient, time of the intoxication, dose and symptoms of intoxication and whether first
5430 sy reiment v redy b dinistec, n aiin, theprogooi of e et
atthe tme of th all was onsidredsn, i necdet rther mamgement nd thray were
recommended. In case tha i paset nesded hospalization, the dschae repon fom
hospital was asked for.

s
At s, mrery inoicion i e by e Dimaval (DMPS, witio i he
Cnlaing il of 0 red with previously used amidotes (such as dmercaptol
(BAL), it has many xd»mvug:s Such as lower toxicity and availability of both oral and

paremerl plicatons Mor s inown sou e plamackiecs o DMPS (gven g0 or
v in human body than .m ny ther e cheaing e, I he past, DVSA
(i ,.m.m..,c acid, er) was used " % Dimaval can be applied orally or

inravencusy 1n ase o both, chrois. 25 well 8 acie Insicaon. 1 Is svable on the
Caech TIC.

Results and Discussion
Case eors of ey I
In the frame the contribution several interesting suicidal attempis realized by
amvencus Soplhas of a o . of It ey S b e None o them was
dngorousfr o ofthe inoted ponsand fnly merary wes removed from i

oot I o atn 1 matned ot et s s 1 73 o g o
e patcnts health



There will pors. These are
very rare caused by vapors released from liquid mercury.

i Sl s of ey
B up and proe
Oniies m - nrcm). TIC e o b svrd simphe o o emovng

small amounts of m; m broken mercury thermometer) *'. However, some
insracions ar oo “sron

- Before you stat cleaning, wear old clothes, old shoes, and wear rubber gloves. (on the

iher e gl etc s missing)
= Neve ' s ot bocams yom asmate € ma o sy skl b
cviporsied Tom 3 i e i Voo cloanes comamiraid with ety should b

discarded afir consultation with the relevant health authority
- Do not clean using a mop or broom.
- Veniilte the room, where there was a sill of mercury, intensively and do not suck there.

for two weeks.

=10 e bl of oy e s Gl By Gpbol AL ki 1o 455t
S e ) N e s W o il

ool oot liiclng g sttt

ey

- Elemental mercury that is poured into the sink should have been collected aftr removing.
et e S b ey WP o -t g et It s

8 am s prolongs e xposure i

et merery cannot be washed o dry-lesnd.Save it

0 double wrap and dispose of as household waste.

Sty inoes e ke e (ulin sl wiin o O el ),

them togetl the contamiinated clothing into a double wrap and dispose of with

ouschold

Al disposing of merary, e o st be theroughly ventlaod atleas for 24 hous,
s

2
E
H

instructions are too hard and are not in fur agreement with the danger represented by

realized with 1-2 g of mercury (i ¢ amount corresponding to mercury in one thermometer) It
was proved that such small quanity of mercury can be danger in very viciniy (10-20 cm) *

Danger Saving Balls and Fiuorescent Tubes
In th compuin vith overxtimaed danger ofliid merry, th dungs of vry (0
mercury vapors from saving balls and fuorescent wubes represent much more imporiant
e e b ek of ey el S bl e ot b sty Wt
B e ol i i s e, g i s disposal of these
products is not sufficient up to

Conclusion
s possible to conclude that the toxcity of metallic mercury is relaively low and accidents.
0l G s e g 0 g O e, Sinliy, il i
Seliond with B lid et o 6t s s 1 fanger 0 be
ity apos, o gy b et o oF it o 1 e koo i
balls)



Insie o fears bou igh oy of mesury i all foma, i s essary o it
among of course, very of it toxic forms
(organic,
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Use of Silver Solid Amalgam Electrode for Determination of Acaricide Amitraz
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Abstract
The electrochemical behavior of amitraz was studied at polished (p-ASSAE) and mercury
The was

investigated y with lincar
scan (EVLS) for differenial ppi
mitraz were found in
thanol in s voume rion of 1:4. DPAASV with optimized parameters was applied for
dotminatn. of sl 1 sy witons. il of ol wer ol 5
ol L (ha m-AGSAE and 0.168 pmol L (1us = 20 5) for p-ASAE. The
wmm s i kol i o deemmtion o s compamd o el
solution

Key words: Pesicide, Amitraz, Amalgam, DPAASV, EVLS

Jako vaorovy pesticid byl vybrin nesystematicky akaricid s insckticid _amitaz
(Obe 1,N) eské

Republce v ahranit, Teto mmummmnvy pesticid ! se poutivi i ke
roztodi, msic, motolic a Served. Ve velké mife je aplikovan ve véclarsiy
bl o gl i hghkeriof] sl ucmku

amitrazu e nterakee s oklopaminovymi receptory v centrlni nervové soustavé eoparaziti

ke 2vjSens akiivite neuron, k jejich abnommalnimu chovani, néslednému odlougeni a ziniku
Dile inhibuje monoaminooxidazy a syniézu prostaglandinu.

Amitraz m rizné fermakodynamické pissobeni. Piznaky nezddoucich iinki 1o litky na
foee ot b ks o, o, el sl o, bidpar
m.gq,lym.. 2l it o pre 4 u tlov

sobena bud vdechnu e Ve b st vyt iy
amena s otmain e oot o Sy amugon

Pro studium environmentlng vyznamnych litek je zapotfebi vyvinout metody, kieré umoni
iy Uty ye vl iakih koncenincic Elekochenick metody o vini Casto
wyuivi anoveni  biologicky  ucinnych litek, napt. v rizngch
cm\mmer\ulmch e 21, Too metody naic dostaetn nizkt detedni limty pro
ko B ek 1 doro sk, v dm ok bt prcen, ki
Siimito latkam v P e, v Komplxd) & o dvod Ly 1briny o
et Wbl ok g ek S A i o
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pesicid a_jeho metabolty vyskyauji_napt. ve veslarskych produktech. Jako vhodny
dlekrodoyy, maeril byl brin by oy amalgin sriaou, modifka jho
povichu ™. Tento typ clekirod kombinuie vshody rufovsch a pevnych lektrod jako je
evok g v, o s o porCRSA, ek pabe ot
pliprava atd. Dalsi a znaénou vyhodou tohoto typu pracovni elekirody je nizky obsah rut
jejt2 poui je v soucasné dobé znatne snizovino a v nekolika evropskych sttech je jiz
pousivini rtti pro analytické ucely plné zakazano

CHy
Obr. 1. Siruktumi veoree amitrazu

Experimentiitist

roatok amitrazu (Sigma-Aldrich, CR) o koncentraci 0,0023 mol L byl pripraven

oo enta-Svee, CR). Z divodu nizkeé siability

o sisobi etk phpraovan Kadodenn. Tako saklad ekttt by poust Bitoni:

bl po (el BR) sl g 217 ke ol oo, sl ks

4l Lol ¢ Pl Ak 02 ok 1) 8 she 0 1) Vi pousd
Sty ey

Vollameicka e byl providéna ra Eco-Tribo polrogrf (Polaro-Sensors, Praha, CR)
Hzenim programem MuliEIChem 31 pro Windows 7 (Ustav fyzikini chemie
3 oo AV CR v S e amlgmors ke (AUSAB) b bl
poutita jako clekroda pr coni povich letén
b pemé i v oksody (- RASATy ml sekon 22150034 (400,
Pracow pavich pousie meniskem modifikované tibrné pevaé amalgimove. cekiody
RSSAL o 035520028 i (4<0.05) Vil o apkon kirods (RUDE) e
byl poutia jako sovnivaci k AZSAE, mela elikost povichu kipky 072150022 mm
akolo 55 yum (v od Polaro Sensos Prahs, Ceski
o

Repils). V. popsowndih expermniech bls ko reeeal clkrods pouis
AgAGCUI KCI, pliony ik ) pous ko ks pomocnd (008 4t
2 Elektrochemické detektory, Tumov, CR). Méfeni byla provadéna pii pokojove teplote

(o istoté 46, Messer Technogas, Praha, CR) po dobu 10 minut. Hodnoty pH byly méeny
S pousitim i mets Jenway 3505 (Bibby Scienific Limited, UK). Pro viechna méfeni byla
pouita deionizovans voda (Mill-Q-Gradient Millpore, Praha, CR)

stiibra jei
i kone byl napinén st maginen o ki Kot s pcjrn

braym, gtk A.,sA: Do jpee tene o jom smirkovy i » pt ek za
pousit plyurcianavé podiopky a bt sady o Hekrochemické decktony, .

Repiiie ik e skl 2 uspnce A (v it 11 o) Jomni b
prasku ALLO: (velkost Gstic 0.3 mm). Po dokonceni tohoto lesticiho procesu byla p-AgSAE.
phipravena k poutiti. Pokud byla clekiroda modifikovina rtucovym meniskem (m-ASSAE).
tak doslo k jejimu ponokeni do malho mnosti ruti a po dobu 15 sekund s ni v rtui bylo




mimé michéno, &im2 doslo k vytvofeni rtutového menisku. Pred zaditkem price, stejné jako
Popestct ey 5 po kit lsivce me v néfre, K e 0o
jednu_hodinu, byla provedena_clekirochemicki skivace AgSAE v prostiedi KCI pi
eencila 2300 mY 22 michintpo dobu 300, podé byl lekiroda oplichna vodo,

Stejnosmémi volametrie (DCV) byla pousita pro prvni set mefeni elekirochemického
chovani amitrazs na amalgimové clekirode ve dvou modifikacich povrchu. Zavislost
voltametrického chovini o slouceniny na pH a rychlosti polarizace bylo studovino.
Diferencni pulzni adsorpéni rozpo
pulzu -50 mV pro katodicky smer a rychlost polarizace 10 mV s byla pouzita pro sianoveni
testované biologicky akiivni litky za pouzit 1 pracovnich elekirod. Optimalni paramery
9y sy (T sl byl privadén do merici nadobky pres Fbio b,

g
E
z
&
:
£

smés ctanoldestilovang voda (41, vv), pres vzorck byl dusik veden v
it plod kehajn maim, Kaz ment byl opekovang ol )kn«lmmmllm potet
andriich ikl byl T Zilant vty by hodaoe a za pousit

e aC Bape (hichyie Gkt Repubii s e (sl ', Cokh
Ny Kot e (.G detckee (LD) a sunovitelnosti (LQ) a dalsi
chemometrické parametry byly vypotteny dle ***"

abulka 1.
Optimalizované parametry pracovnich elekirod.
Pracouni elekirody o 23 For B
@) @V @)
ASSAE 100 <1800 200 G
P-ASSAE Q00 s 200 s
HMDE [0 im0 w0 4

Vysledky a diskuse
Volmericé chovii sz sividos s g bl sdoino pomoc netody DCV na
arodict méicich parametr
e et L Nie g ey oo s Kok
byl registrovin v prostied
elekirodich. Zavislost na rychlost polarizace byla 7j&téna také pomoci DCV a byla linedrni
pro sedukeni pik v potencidlové oblasii okolo -1000 mV v rozsahu 10 - 160 mV s, jako
nejvhodnii byla vybrina hodnota 20 mV's”

EVLS byl pousta prochankisiaaisocs) problch e povchy prcni clokirod

(v pribehu katodického skenu). S pouitim 1640 techniky byly Kivky hodnoceny v

nctlos polaizace 10-160 mV ", laioické smény DC volamogramu ra b
hi

Poprostudovini viivu i g sl M ks St
wrvehiont pzace bln pouia DPAGSY 1o v modelovych vzorcich
Pl e s mlyzovngn ook
G-t il byla il proudon adera iz gf m-AGSAE

e = 205 1 p-AGSAE), Plimou metodou signl dle IUPAC * byly- Vyhodnoczr\vnekxue
chw\cmcmck: paramty (Tabulks . Ziskané Gic yly vyhodnoneny & poukizly a 1
e kirodovy: materidl se jevi jako vhodny pro. stanoveni amitrazu v rizngeh
ol iy
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Tabulka 11

(vypotitané za pouiti piimé. IUPAC)
o dokuody_Kiiki mes (CC) ez deticeLOD) _ e ssnvisnsd (.0Q
m-AGSAE 0005 pmol L 0.009 umol L 0,013 pmol L
P-ASSAE. St Gigmar 0238 ol L
HMDE 0003 ymol L0007 ymol L 001 pmol L'

clekirody paramerry jsou

Gosend silvé pro vlumeric sanoven amivaz v modeloich vorsic, tak b

{ amitrazy v analyzov

ucis byl srovino se. Sakanjmi viledky, o, sanoves by, posita 1eiodd

sty gk (risimine. 3 pidevey by phdiny v ke i), Nelsené
inozstyi amitrazu bylo ve shodé s deklarovangm.

Ziver
Voliametrické chovini_amitrazu bylo studovino 7a_pouiti stfibmé pevné amaluimov
elekirody s rizné modifikovanym povrchem (p-ASSAE, m-AGSAE) Ziskané vysledky byly
porovniviny s visledky namdlenjmi na visic rutovd Kaphove clekrodé (HMDE). Blo
nalezeno opi H il adnino Aokt  pro siecmy i pracovs aekrdy se e ko
bl S bt st DEMISY - sl el podalotn) Wik
e o ot i G o Mo e
ety bly sosiny. Aplkovmson neviiovand m it

e iyt e bt S o b i e
i e g A el
elekirody
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Influenee of Cadmium on its Metabolism and Changes of Content of Nutritionally
Important Compounds in Spr
(Viiv kadmia na Jeemeni
jarnim)

Lubo Punocht,Hans Voditkons ', Le Mnh huona’ Katefina Novikova "
Briita Zametnikova *, Zora Kotkova . Daniela Miholova *, and Tomas Navrail
’Cu‘chUmvcmlthb Sienes rMny umgrowlwy Food and Natural Resources,

Repili Eml e minh@stcavcs
1.1 Hegrosly e o Pyl Chemas oy e 45 R Dol 5. 19223
Prague 8, Czech Republic

Abstract

ery
human nutrent needs. Cadmium is  toxic heavy metal, which is readily taken up and
accumulated by plants in spite of its harmful effects. This metal cause a siress for the plants
50t s e oo, s, pvssogfod 3 b S T
o i o 04t el e ches 1 1 nutitionally
pounds d some - Cor M comenn v mmng.w«
e e e e vt e o e e oF oo
Compounds was nflanced by prsent o cadmium n e medium 1n sl the pars of
Sinondd e s decrease in the iron content and increase in the zinc content
(oot o e frk Wi sod eizcso i 1 mangmacs sinken e Snmsd, T oo
Coment n th Too s eresed b 1121 %, on th s and  gnifcant desrsse oy
9 and 409 % respectively) in the first and the second leayes was observed. In the
xparinenl vt with admiun in th concnion of 10 mol L, the content of
e proteins was determined statisicall higher in the root and basal parts than in the
.

Key words: Barley, Cadmium, Cereals, Nutstionally important substances, HPLC.

Sudinsutin sk svy o biloviy, ier ik it o B Ko
ito podiny piedsavl boty aioj nerie v podobé sacharid, potid, viamina £,
. vikainy, h ‘minerdlnich laek.

B it i AR K o Bty i i o

jecmen, bylo zvoleno kadmium, kieré vykazuje Skodlivé icinky na Zve

Phrostné koncentace et 8 o ikt Naself 1o vk v okl Sonen
obsah

P

Rostiny il kadium pteiing ve fome dvjnacého kaons o po kadmia
2 kofen do mdusmich it Tt ¢ omesen iinnon baréo ssiny: Tero poy o2
i1 plipads vyt fostretnd visivy ¥ roslin dochizt K humulac ks
plti, 2e vegetativni st rostin obsahuji vesi mnozsivi kadmia ne semena a plody. \ln'em
schopnosti kumulovat se v rostinnych istech  produktech predstavuje vyznamné

Fezci * Jeho

im fetézci R nsly

nephznive oviviuje viechny as rostlin_ Kadmium dokie nansSovat
A eaktivovat eneymasckou svivios rostedeicim vesty s ilovim skupinam peotSd



h permeability !,
inhibuje jukiazu »kmech rostin,  snizuje moozstvi  enzymatickych
a mcnzymmcl.y:h o

Pokud se v pide vyskyti vysoké koncentrace kadmia, tak zemédalskeé plodiny, kieré jsou

i, vkl bl Dydiingoges ek (o o
chlorofylu, proteind, sacharidi) a rovnéz pribeh fotosyntézy. To vie vede
iastobn Bileles kreduke v7mont, Nl pijee, trasiokae 8 vyutt scociiich
selza, manganu, zinku, medi, horeiku) je snizeno pijmen kadnmia

minerilnich litk (napF.

fyziologickym poruchém. Viditlnymi znaky fytotoxicty kadmia jsou chiordzy st  stonki,

listove nekrazy. hnédnuti kofenovych a lstovyeh Spicek, mensi vzrist.

Experimentiln st

Chemililie

P stanovealkového s v ot rzpusnch prtid byl poutiadestvan vada

(H:0). 0.5% roztokpeniahy. ranu_ médnateho (cusm SHO) v I

choseinim, e comk s soiét (iCO9 rortoku. h\dwxvdu

ssindho (V4OH), Teolové (Flnov) il s sandarni ik et T St

b vbranih e bl poulia H1NO, a il by it perosd vodiku
6%).

Instrumentace
Celkovy obsah ve vodé rozpustngch proteind byl stanoven za pomoci spektrofotometru
Mascel Mini od firmy Merazet (Polsko). Pri pripravé vzorki byla pouzita centrifuga Sigma
3-18K (Nemecko) a trepacka GFL 3006 (Nemecko).

Sren koncenirc Kdniay minealizec oty Kaniro supiny by pusita
AAS s clektrotemmickou atomizaci (ETA-AAS) na pfistoji Verian SpectrAA 280 7 (Varian,
Austdlie) opatteném graftovym atomizitorem GTA 120 a automatickym davkovatem PSD.

w's obsahem kadmia, by todou I
. Ay s Syt T e e T, . o s g
 mineralizatech rostin.

Pesovin vk jemen Jsmiho (cdlds Shusan) bl slzovino v il
ekl el i Ryl KISyl i

Vlvlmvkhc\d\cch Kt bl nndo femosat 120 ekt s e

do kultivagnich e S sk o pout Koopl ook oy Py unistiny

v Mimatizované kultivadni mistnosti s umélym osvétlenim. Vilkost vaduchu by

Byl natovny oy oovelen s my 1410 hcin, teploty 22 “C/16 -C. Rosly ecmene by

pestovany ve dvou varanie. Vet konirn 8 v varats posd, ket by v

by b din ojet tokem  chlor Keden

(= 10° mal L), Po. ,wzm. grech Yaivce od pidint adnia i it o

ity sy Notsomnt b Tl adsies i R 3 oty oy upllchnuly

it Vot o B o s ol 5 ard), druhy

896 sl o T kst el ol B lhmba mdmw il

v pristioji LYOVAC-2 (Leybold, Gmbl o) byl zorky

" antytehen iy KA 11 b (VERKE G, Nl maters ] ndoven

v chladritee v igelitovyech siccich ulozenjch do exsikiton.




Celkovy obssh_proteini ve vaorcich byl stanoven metodou_dle Lowryho, fenolovim
(Folinovim) Ginidlem. Z rostinného materidlu bylo navazeno 100 mg. byl piidan kfemicity
pisck 1l domineralsovand vody. Nistedovala homogeniace pRbLERS 3 mimy na o
misce. VeSkeré mnozstvi homogendtu bylo pomoci demineralizované vody kvantiativa
Pisiats & s donek & clniigovano po daba 20 minat i 10 000
il 1 i Sopgiuss V) SAblet levetes de ibeninil Sosnivie
S dophcn demincrlzovancs vodm v cbem 10 Tako raveny et b
anovri et ot e e Nillpors Mt Y G rophic FVF 09
WM) Byla plipravena sada standardil proteinu o koncentracich 200; 100, S0, 25
12,5 ugmi". Do pryni zkumavky byl odméen presné Il standardniho roztoku proteinu.
Postupnym fedénim tohoto rozoku byly pfipraveny ostatn koncentrace. K témto standardim
bl pfidino po § ml rozckn (2% NaiCOy v 01 mol LY NAOF s 0.5% CuSO O v 1
méru S0.1 hin 10 minut
3 iormo oo Do by 40 ko samave phdin 03 i Foniowin (Fainos)
i, vi blo promichino  ponechine 20 miu st B b elott. Sutané
temito standardy byl pripraven slepy vzorek. Nasledné byla promefena absorbance téchto

proteind v susiné. Vzorky pripravené 2 rostlinného materidlu bylo nejprve nutné pro
‘optimalizaci mefeni 20 naredit

Stanovni Kadnis v vz rdin posné vy  visch ostaiih gkl R 2, O
) ve vaorih kool | pokusn veiany bl proveden sislsdom posupen. Do
o a2 DA navizeno 0,15 g vzorku. Ke

ound e Doty s robdaky s e P k30 o AP o8

T00°C o 190 C po dobu 65 minut o skonteni teploao rozkadu hyly ndobky wyjmuty

‘anechiny vychladnout. Obsah nidobek byl pomoci ulratisié vody kvantitativné preveden do

50l idink. Kiinky se vty bty sty m lkrickou oo ds ke ity B
s o it Py i by iy s ol

mm ol by presieny do 10 librovanieh skameveh & poon sicky s HNO,

S Smcnt iy vt sy 2 ot i,
sk, e mxngnu i m vty "oyl proveden slepy pokus se viem Sy
Eunifions e i snlon gl el 5 Kk ity oy oy
fa tndardi s plochami analytu ve vzorku. Pro kontrolu byl soutasné analyzovin

e ens s A 1507s Glatiet s s Aept nees T s
PRpruveny siciajm splacbern fako oratl salyacvant varty, 16 bes neviEey romlinds
materidl.

i

vfendiochhy i « rosinih b ponlen s  pokonen
e o o i oo i S, chootey Tt Srveni
Zharvnt lisovseh oksj & iy, Phtomacs Kadmia v 2mém rostok e a nslodek
nizSi verdst rostin, mensi mnozstvi a delku kofen, celkové nizsi tvorbu biomasy a obsah
chiorofylu.

Nejuyi obsah kadmia byl nalezen v kofenech rostln a v dalich Gistech rostin pak byla
nalezena virazmé iz mnolswi kadmia. Pro sunoveni celkoveho obsahu ve vodé
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ropusinih prtind by sstavens albracn zivislod saotarc daného dandrtabo

rozioku proteinu na_jeho koncentrac madaemich Csech rosin jemene

V disledku pritomnosti kumun o I i onch s v vl ey

proteind. ¥ Giomase blai sonkd by zazameniin irlt 634956 prnich e 6 102 %,

v druhyeh listech 0 6.5 % & ve tretich listech 0 33,4 % V biomase kofeni byl akie}
in i 778%)

yplyva, ze jo obsah kadmia v dané rostlinné Csti, tim mensi e procentulii rozdil
s v Mo oms o o e Kot Pk e

% v slyzovanych St sl jomene bl podes by Rl

les byl zaznamendn v prynim listu (0 47 %) a kofenech (o 41 %
v esnich tisech ..dm ey ¥ dmhm Tt doslo ke sisentcbea el 028
ot lis 0 232 % o bt sonk o 129 9 Ve vich et mmny Kromé

i -/.,) renech, 70,2
v bizich s e o 8 155 5 drnge o ¥ erench, bisich
ool ilianiguetJi i el M e
Vioran o sk i sk 1121 Ve v viich sorki A e sl i i
042,4% Pau 330 v b

e e ootk Sl ¢ S -8 & e e (340550,
¥ pipadé obsahu mangana byl ot i ) mnms( 2 1626, it ke
iotnech dolo ke sniden o 102 % v bich sonki o pokles obsahu

g 1 it i (o 518 % ot . ko DA st Pk e
Srandi o 790%

L mlgm experimenti je patmé, Ze pritomnost kadia v Zivném prostfedi jetmene jarilio
znamny viiv na obsah ve vode
K iy elst sink, o
rozpusingh rojini bl sezmamenn v kfenech.
pokusné varianty, Sniho roroka bylo
fovovjeh prid o palwy ieueschuah s o prul openy  bise- ook > pes
cjsar ruhy list > tfti (nejmladsi) lst. Kadmium melo za nisledek pokles obsahu
e v v shdoranih ostinmgeh Ssich, prvnim a druhém listu 3 manganu ve.
druhém a tetim Tistu. Naopak vyznamny. narist byl zaznamendn u zinku ve tietim listu
aumadi v kofenech,
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Abstract

was used for determination
of priory polluants d-aircaniine (4-NA) and il o T v oot
Bt Robinson buTr o g 20 waschosen 0 anapimalbase et The calraion
Cuve as messre o b subances i he eoncenaion ene o Zn 101
T ol B e s ) gt e 039404 139 ymal 1+ RSD

P, and 029 and 0.9 pmol L'(RSD 762
o004 o - 5 o A repecivey

s: 4-Nitrophenol, d-Nitroaniline, Glassy carbon working electrode, Differential
s

Nitoaromati. compounds (AC) s w30 imometitis in the sy of
phamaceuicals, dyes, explosives, and pestcides | They are considered d ity il
drinking water because of their mutagenic and/or carcinogenic effects . Electrochemical
dekrmmnatons of NACS arc ol besed on cas derochenicalrducton of pese o

1ps using different electrodes **. Some studies point out the possibiliy 10 use for their
quaniification anodic oxidation as well ™

1tis el known that polishing o te gasy cason ectrode (GCE) sufce beore enc
measurement with alumina. eliminates passivation of the e by products of
electrochemical oxidaiion of aromatic hydroxy compounds ' Usmb this procedure, the

since there is
o e o vt s s of ekl o, U R0 i ¢
A 8 model conpoundsof i wama compou ontins electron donating and

sy oxidisable O or N ¢ present study evaluates the

ccmochen iy
bty o s ety e mAle s i s e s s
electrode polished with alumina

Experimental
Adueous sock solion of |l L of daitopbenl (9%, Signa-Alri, S,
‘Germany) were prepased every week by dissalving 014099 g of pure substances in | L of
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ot those sk suion s s for st st monh (6] Aues stock sltons of
ol L of dnitanln (9%, Sigm-Aldich,Siinhim, Gemary) wet rp
Kby dissling ILol
T e o of ik s b s
Deforized atr produced by a M0 Pls sysem (Millprs. Bilrica. M. USA) was
used. All per

Borcaid phosphri cd, e aid sodium hydroide (.. puriy, Chemapo, P
amixture

af eo«ma\L‘ boric acid, D.04mol L' phosphoric acid, and 0.04mol L' acetic =

2mol L' sodium hydroxide. pH was measured by pH meter Jenway 4330 (lem
g e e o i e
PH400,7.00, and

calibrated
Steinheim, Germany)

Voliammetric measurements were performed with a computer controlled FRA2 [AUTOLAB
TYPE I, j;3AUT1265 with General Purpose Flectrochemical System (GPES) 4.9 software
oot Metotm, o, Swiaaand) working undr Mitosoft Windows XP eprsing
ystem. Measurements were earied out in he hee-cecrode arrngement it the glasey
Cabon cletrods (GCB) (Vetrm. Horsau, Switzatandy s woring locode, an ABLARCI
(30mol L ' KCI) reference electrode (Elekirochemické Detektory, Tumov, Czech Republic)
x4l virs wry irode, All potenals o s pper s iven it epst 0
&Cl (3.0 mol L

At the beginning of the daly measurements, the GCE was polished using alumina shurry
G ) o i i ! ot o e
sl e Betoen nividal mesursments e sae procsiurs s rpsid o
ity e vaion ot ulra
pﬁmm% et B e i o 0 S o oot o e s
after each measurement.

Parameters of differential puise voltammetry (DPV) were a5 follows: modulation amplitude -
50 mV. modulation time S0 ms, scan rate 1005 mV.s". At opimal conditons for the
deteminaion of 0 s 4-XA DI volzmogrs wes icordd from 400t -1100
and from -800 to 1400 mY. respectivly.

A oltmmosrams wee meaared e mes and e pak curet () nd ek penial
(5 ales o e consstion of callbraon v el i svees

aions were crid ot asing i Pr 5.0 (OnnLab Corporaion. Nvtharp
WA USA) T o of e, (L o Gt wig o gt L0 - T,
where s is the standard deviation of the lowest measuble concentation of 10 repetive
measurements and b s the slope ofthe calibrtion curve

ults and discussion
DP voltammery of -nitrophenol at a glassy carbon electrode
Tha e of ] O sclmes 4 o GG ool i 1 T i

Eabrion e e concntao s of 2 - 100 e - dpicted i Fig. 2. The
limits of detection and quantification are summarized in Table 1 and they are quite similar to

m



those obiained with the cathodic DPY at amalgam electrodes ** based on reduction of nitr

ey
Fig. 1. DP voltammograms of 4-NP (100 umol L") at GCE in the BR Buffer of pH 20 (2)
30 ), 40 (4, 50 (5). 60 (6), 70 (7). 80 (8). 90 (), 100 (10}, 110 (11), 120 (12)
Polarizaion rate 10 mV

Fig. 2. DP voltammograms of 4-NP at GCE in the BR buffer of pit 201n he concairaton
range of 10— 100 umol L' (A) and 2~ 10 gmol L' (B); numbers next o curves correspond to

ctual concentration of 4-NP in mol L. Insets correspond to concentrations dependence of
ANP for each range.

Table 1.
Parameters of the calibration strsight line of 4-NP determination using DPV at GCE in BR
buffer pH 2.0in the concentration range from 2 to 100 umol L

Stoj or' L 003561 004258 003623
Correlation coeficient 098045 09952 099283
ol.L 77 129 129



D ollanmeryof gy cartonlcrode
fammograms of 4-NA s 8 GCE a iftnt pH are shown n Fig 3 Th hihest and
Valtammograms ovepaning 1 calbadee cov o nocnralon g o1 3 <
e o e . he ity o St s sopeaten e UL
presented n Table IL.and are uit snilar values 2 those obined with th cathotic pek

reaction with amalgam elecir

.
P voltammograms of 4-NA (100 mol L) at GCE in BR buffer pH 20 (2), 3.0 (3),
40/4),50/(5).60(6). 70 (7). 80 8), 90 (9), 100 (10), 110 (11), 12.0 (12). Polarization
e 10mV.s"

<08
3 Bmaowsin | s 610%

wwunat) [

CE in BR buffer pH »
100 ol L (A) and 2 - 10 umol L™ (B); numbers next to curves corespond o actual
‘concentration of 4-NA in umol L' Insets correspond of concentation dependence of 4-N.
for cach range.

I

Table I1.

Prametss o the calibraion dgh n o DPY detminaionof 4-NA using DPV at he
‘GCE in BR buffer pH 2.0 in the concentration range 2 - 100

of concentration, pmol.L =T 10

7100
Stope, pA ymol 1. 0,043 04235 004336
001645 001453 0076
relation coeffiient 099933 0.99495 099945
ol 1 [ 029
Lo, pmol.L 603 09 09
RSD (1=5), % 628 762 162




Conclusions.
e DY ki o Bl 13w G e el T

and 4-AP, respectively. These values a tompauhle w\lh cathodic m)v e

electrochemical reduction of nitro sroup (LD at meniscus modified silver

o malgan dcrode o plished slver ol e e ot g
e ydrosyapie composite derode * Therefure, it can be concluded ot the

i vltmeont GCE i be succestlly used o (he etrminaion of ce

oF 4-NA and 4-NP.
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Enzymaic Labeling for Analysis of Nucleotide Sequen

mlkové e

St Pl L oo Jin Sk L v e Hsons”
Hana Pivokova . Eqe Ecsin', Aram Erdem,and Mirosay o
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Abstra

Many examples of iz of exmyaic bsig for DNA s aniyss b besn

described in e 50 fur. Some of them invlve Iybridztion with complemntary

ioinyltd probe d
'y DN

c is then binding of -
R e s o s s i i

recent applications using this principle are described for the detection of PCR amplicons
and for SNP typing Both. techniques are combined with detection at pencil graphite
electrodes.

Key Enzymaiic labeling, Alkaline phosphatase, Single nucieotide polymorphism,
Pencil graphite electrode.

Tvod
Metoda znateni DNA Korjugity strptavidinu s enzgmem (naph. alkalicks fosfatiza-ALP.
NA prostfednictvim
¥ analze nukleotdovych kyselin Sroké uplanen. Jako prklady 1ze uvést sanovent pottu
Il & i, oleuastek mponkonih somt & sl bnpery
plem.

osmia ' nebo detekee kom; mich sekvenci ve vzorku s vyuZitim magnetos
Altemativou je_vyusit kuuug,m creymu se sk profltkou. nopt. X ki
smiovych komplexi s DNA . Dile Izc uvést typizaci jednonuklcotidovsch polymorfismi

Lo pivg i
Byly také popsiny rizné zpisoby podsiancho zvySeni ctlivost detekce, napt. s vyusitim
wxnmmbmek pokiytich enzymen * nebo take soutasni detekce dvou cilovych sekvenct

Experimentil
Voo pspiia o gorsiny s vt plikady i nsymatikaho mater, o
prips ioots Do 1 Ao oSk

typizace jednonuklcotidoveho polymorfismu v lidské

ctoda zalozena na selektivni  tvorbé
biotinylovanych fetézcd DNA v pronim kroku a nésleduném rozliseni na zdklade pritomnosti
i e

D R G SO
jnilu oxidace 1-naftol ik
bl bl bl oo iaysichoonpobitrmlindptie
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1T o 47 i iisek pS3 cDNA

1). Reskn s ro PCR
ket Ghrapoval templi (pT77 nebo pBSK) - 10 P, pimery pS3for & pROTeY -
025 M, smés dNTPs — 100 M. TP ininylovanich) a DNA plymerizy o 03
U PCR probihala v 30 cyklech (9 s denaturace pf 95 °C. 60 s nasedani primeru pfi 71 °C &
60 clongace pf 72

o plamid”. Bty e

et

5%, Sl i s g Y NSt 17 b

se\\m:l Komplementirni k primertim a pBSK neabsahujiciho pislusnou sekvenci joko net

Kont

Nl (3dSice GO 4 it K. uiOhiG KO (g, By

st dokor it O rpce vzorku na povich elekirody byla
proste 03 M NeCl po i PES (o 74 snadorin e

e
P, ot oplichut rosokem PBS (1 -
metodou linedmi voltameie v rozsahu od - 0.3 V do-+ 1.3 V.

v o s G enafylostit
el SO
: - > B

woamNaa |
7+ 5% odtutnine
miékovPss

74) a inkubace se 0,5 mM substritem a méfeni

Obr.2. Sche
VA

V1o miochondrii DNA sme poutil

Fknenin

Deeke
Pro dteel jednorubdeatidoného polyn
selekiivni elongaci _ diagnosiickych primeri s (nekomplementarnim
nukleotidem s mistem polymorfismu v templitu (obr. 3), Kierd byla provedena v rei
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teplonich o8 cyitiic i anpiflaViinoranich rof. Rk e
tecne_ vysoke siringenci (dostateéné vysoki teplota_zajisiuj
Sektvnl rasedind primer. P dostené singn probind conge

produ
leaid. Tempitem 26¢ bl 110 0p dlouhj PCR produbt sk miochondent oA
(S ng/u). Reaktni smés dile obsahovala prislusny diagnosticky primer — 0.6 M, smes
koot 50 M5 4 dCTP By Vo plymit (.,.m.,.
uklcizove akiivity) ~ 0,05 Ul Reakce prodluzovini s

prmcdeap pn r\nném s el cym Mznllum.e— 15 + 1 95 °C, nsedan prim

20 s i 60 °C, clongace - 45 5 n denatunc R 95 °C po.doba 3 min
i cerga o 73 Cpoto s i

. Tt ko 1010}
. ~

mmwmm
e § v

Obr. 3. Schéma selekiivni lineami amplifikace s vyuzitim dvou riznich diagnostickych
primerd (prim a primC).

Adsorpee produkif 1610 reakee na clekirodu byla provedena piimo 7 reakén smési bez
purifikace produkus po pridavku NaCl do 0.2 M koncentrace. Nisledni enzymaticki detekee
‘améfeni bylo provedeno zpisobem popsanyim vyse (Obr.2).

Visledky
I .u.u ,»(Urmum\u G anplhani 33 D4

il i Lt s e o  iade prionness
ek b v e, ¥ e et vt il s s i e
s ebiort. PR e et ek A Vi sl o 0 B
polymerizy.

W

Obr. 4. Rosliseni signili oxidace 1-naftolu pro amplifikaci Pfs polymerizou  plazmidi
PT77 (Gbsauie cilovou sekvenci pro primery), pBSK (neobsahuie cilovou sekvenci) a pro

1



aat y Xl dorozioku SALP &
(ylougeni SALP

Der VA
ey Soprouicicho inen s il g
nespecificky  signil oxidace l-naftolu. To ukazje na moznou pitomnost
otteetis 1B yHgSsHE Rl phvich imer ve Smés PCR produktn
iho mpli, kieré s Sl e sttt st
nuuwummsr;m en \ﬂulmy\mw)ch) Teato probiém jsme yTeSl tminact volngeh
" Konc ve smsi pomori dideoxy TTP (100 1M  terminins wansfrszy prd viasn
i ek ot o ot SO S el b P s
piipadé prim - cbr. 5B)

A B

e o
5 VI e vlnjeh kot v s i, e prodldovias s a
intenzitu nespeci signald oxid 4, A ~ aceminoyod wnts eoplo; B
teminace mvvplam v tnsefrao 100w 0T

Dile jsme sledovali rozliseni signdli pro rizné diag. primery a Kontrolu bez primeru pii
sniZovini pottu cykli (obr.6).

8

N 0 ok

. 6. Porovnini signilu oxidace 1-naflolu pro rlzné diagnosicks primery a negativai
Kontrolu bez primeru po riizném poctu cykli s vyuzitim teminace temninalni ransferdzou a
dideoxy TTP pred prodluzovanim primerd.



ke
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naprostodostacujici, kromé toho predstavuie velmi levnou a konstrukéné jednoduchou
s jinou dprau.
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Ontine Analysis of K and NIL, Tons in the Primary Circuit of VVER-440 Nuclear

Reactor
et Btk and 2otk Znell”

*CEZas, NPP Dukovany, zech Republic, E-mail

*Metrohm Na Hart 9355 190 Prague o E-mi

Abstract
T s s el s el pplpio o et Oxliss s
ADI 2045Ti in VVER-440 type reactor in Nuclear power plant Dukovany. Chemistry in
VERs ittt thn i e n PWRs and e knnw]:dge e o i o

cial for keeping oxysen level as low as possibl

Fotasium hydrovid s wded o oo e iy of o . Ayt s g
rohm

Potassiu Met
155 cetrodes Anayacr re now apermioalfo meee than 1 ycar.For presciaion pupo
one month o daia were chosen. Measurd da were processed In ¢ EXPERT satoteal
s sopal by Tl il i e dlvend b sl coreiing
with theoretical values as wellasresults provided by labora

Key words: Potassium fons, Ammonium ions, Determination, Nuclear Reactor
Introduct
Conant i the prmiry it  solton o borc i i 8 conoestaton rnge o 05 1o

soluion ofpotasium hydimid, The consntionof N is i a rangs rom 50 1060 gt
presence is caused by the impurities in dosed chemicals. fon Li'is created by the
o e s ot 1 5 0 s

In the reactor, the radiolysis of water oceurs and the products are hydrogen and oxygen
Oxygeneads o cotosonand it e o b aliminted. here s two ways 0 remove he
sy Tt 0.t e b diely . G sosl, s g e wit

o o R s e S R e
ormar 04 hydrogen and Rirogen re cresicd. Both ways Icad o 8 Jow coaceiaion of
oxygen.

The reason for potassium and is that
are necessary for high temperature pHon calculation

“The measurement was performed by analyzer ADI 2045Ti from Metrohm Applikon (Fig. 1)

Experimental
dnaber sohmates

sy ADI2045T s compased of seprted moduls, hat cbles to g e snlyer
o 1 ey T e and potassium ions is
et by s i ea S e T At e B
measurements are performed simultaneously i twa reaction vessels. The standard addition is

ed
performed by Dosino, a precise automatic burete ror



—e— sample blank
o1 Anlyr ADI 2045 Vo Appliko schemtc

Attt metod,
Anayical me the standard addition method, commnly used in
ot T g gl e o e S it Ty i Snmplmg
pipette s first flushed with the sample and re-flled. 10ml of the sampl is dosed i
reaction vessel Buffer is added, strred and the fist addition follows. The result of the fist
adiion deides epected rng, of the mesturement, The volume of the second siandrd
s potential. When
e e e icaly e he e s e
reaction vessel and the sample lines are automaticaly

Resalts and tiscassion
0

The opimigtion of he applicton was perfrmed during ihe st wecks of operaion,
fcladg adusans of nesiodes poklin, s spest st il 08 elaios
parmeirs clening cyce pareters. A the opimzaion o the ppliation sl
Ting s peton

Galtraion
(Fig 2, Fi

K i 5 1041 mah T,

N calibaion 1.5, 10,15 and 20 mg N1y (Table 1),




Fig. 2. Calbration plot for K

Table 1.
Standards of K

Standard1

Standard 5000

Standard3 10000

Standardd. 15.000
iandards 20000

Calculted slope amounted to 59 8 mV/decade.

1~

Fig. 3. Calibration plot for NHs

Table IL.

Standards of NH;

NH, __ Concentraion]mal

Standardl 1000

Standard? 5,000

Standard3 10.000

Standardd 15,000

Standards 20,000

Calculated slope amounted to -58.6 mV/decade

Conrol measurement
10mg/l K’ and NH,  standards were dosed and measured 17 times (Table ).



Table 1L
Measurement results

deviation

Calenlated error.
K-Ls

N 2.6%
b sl
ory measurement o K- is performed daly, on-ine messurement s performed hurly
(Fi ) o was o gt denc vl

= —4=K_kon (me/l)

Potassium = g/l
o'y [ [ [
1200 - “

o I 3 o

500

200

R R
‘f f"f;?.;é’h,‘ "a"-?@ ,

Fig. 4. Recording measuring the concentration of K-

Laborstory measurentof N s peformed 2 pe week o
20 minies g

ine measurement every




. o ko me/]
Ammonia 8 NH3_lab [mg/l]

200

LRI
é‘ f‘v‘ '9‘&'?’"9"&”‘
000 A

Fig. 5. Recording measuring the concentration of NH,

Conclusion
Metrohm - Ay

(on ADI 2045Ti analyzer shows promising resuls and is considered a

NH. fons in
circuit in NPP Dukovany. Control and process testing was successful and the resuls stayed
below 5% error, declared by the manufacturer.




a Bismuth Bulk Electrode

Vit Prchal, Viastimil Vyskodil, and Jii Barek
(Charls University in Prague, Faculty of Science, University Rescarch Centre UNCE.
*Supramolecular Chemistry". Department of Analytical Chemistry, UNESCO Laboratory of
‘Environmental Electrochenistry, Hlavova 8. CZ-128 43 Prague 2, Czech Republic
ot vitprl@narmice

tract

24,6-Trinitrophenol (picric acid, PA) is known 1o have severe genotoic effects, while

‘adverse reactions are observed in humans as well. World Health Organization (WHO) has

designated PA as one of the priority contaminants of the surface waters_In this contribution,

bismuth bulk detrode was used for invesigaion of he lecochemica baior of PA,
& new methe

developed. The optimal medium for the determination was 0.1 mol L acetate mezr a4 o

00 with
the limits of quanification 0.7 ymol L" in deonized water, 1.1 umol 1t
and 1.8 ymol L i river water. The RSD (1 = 20) were 3.2,6.2, and 9.9 %, respectively.

ords: 2.4,6-Trinitrophenol, Picric acid, Bismuth bulk electrode, Differential pulse
voltammetry Electrochemistry.

Introduction
I the last few decades, nitrated aromatic compounds are in the focus of many environmental
agencies because of thir oxicity and potentil isks concening the environment. Majority of
these compounds are confirmed carcinogens, with strong genotoxic activity when released
into the environment.
L better known s
pm nc\d (PA), which is well known for it severe genotoxic effects ' ubur\xhle even in.
humans jor cont
in o wates > A a rit o (e s, developmrt f now, gy seioee melhods
for deemioaion of PA s Hihly desible, Fisriclly P was o ntsly e s

plosive
hemca syriess

Tt well known for long fime that

In . a bismuth bulk used for
renta ise veiammett decminaion o PA

Experimental
e R i 0 A P RAY 3 kel 4
1ol L Al other solutions
by el Bl eyl s o it A T
acetate buffer solution prepared from analytical wrade reagents was used to adjustthe pH.

‘The elecrolyte consisted of 9 mL of a sample (deionized water, drinking tap water, or iver
water) and 1 mL of the acetate bufTer solution to adjust the pH.' Small increments of the PA.



stock solution were added 10 water samples 1o consiruct calibration curves. Drinking water
e i (o s 3 o i 5 iy Feehy o e
Charics Univrsy n Pragu: a rives waer samplo wesaken fiom he rver Viava, . he
Vyton locality in Prague.

All measurements were performed using an Autolab PGSTATI0 potentiostagalvanostat
et ¢ Mo 66 Y S ol i Ak S i 1 B

el in cur sbontny) s 8 workig o, AgiARCl G ol L
eloorode (Bktochemioke Deikiory, e Al s s s mae
potentiosta was contrlled by the wvmm ovare (Mettobm Ao,

l ters of iffeential p llows: modulation
ampliude S0mY. modulsin ime 80 ms, scn e 29mY A e auh vl
remes on meunes solsions by bubling vith niogsn
iy “s, "Linde. Crech Repibio for S mi. P apimizaton parposcs, DPY sea
perfonned i the whol aailale pental window o he BIBE. A opimal condifons o the
Eeermimaton of PA, DP volianmegsams wee recordd fom -0.07 10 060 v

On ach dey of messremrts he BIBE was polished using alumin sury (s size 05
jm). ARerwards, it was rinsed thoroughly with deionized water and, then, soicated for i
1 vy siminm i hack o e e S rm.ny e BBE s e
by performing 25 cyelic voltammetric scans from 010.-1.2 V ata polarization rate 100 mV -

esults and Discussion
o ot o o ot 98 of B st slerlye st bl had 0 be found.In
aciicmeda.

s i o s et e i . e o St sk
Thiswas bhind o easn o se et et A 2.0t pak probably s ut o he
potential window of the BIBE, only small underdeveloped peak was visible at the peak
potential £y - -0.28 V. From pH 3.0 10 60, the peak of PA was observable. pH 4.0 was.

current , = 947 nA at the
vl 1 nar i he whe gt

5 V. see Fig. 1). The peak potential shift towards negative

of the major drawbacks of the BIBE can be lower repeatability of measurements,
espocu\ly e dcrmseg i i My U ot 2 e

cyeneration at various fixed potentials to
s o, i e s it A Tl . 5. o i bt e
Fescmcaion ines vicd were adoquaily 100 up 020 i), Tis probiem i cad by
suscepibily of mealc bismuth o fom oxides,thus changing the actve lciode wrea and

resuling in a signal (ime. However,
when

El Tall et. al . The procedure is quite simple: when the electrode is not in use, it is \:1\ wvm

a standoy potental of-10 Vin 0,1 mol L acetae buer pH 4., keeping he

et

and preventing bismuth oxides t be formed. When wing this method, repeasbiliy ur the
messremens nereased dramaicaly: e KD as down 103
when measuring in a deionized water matri

Aferuasds, callrion dpendences were messue f 1 40. Sive the pesk of PA is
forme eginning of the DPV scan, the peaks cannot be effectively evaluated,
espccu\ly et bl el i B

ke wer evaluned using  fie-rder polyoial basclte comeston method
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o i 2l i ol ol of e T S v o e e
s o it i bl s ol e 1, 1y 014 e e,
The

ithm then calculates the baseline as a polynomial curve e
o e Bt s basline e then whtrsted from he ol DP v(ﬂ\z.mmngrlm,
resuling in o curve that is simpler 10 evaluate compared to the original voltammogram.

s S e e o s s T e b b
The eniog bl i s vl O AR bl ¢ g s g o B
begining of th s, thus making diiut o et the height of e pek a0 shapy
decreas S el et ol W i
Ling lnea basln is around 10 umal L However wh en polynomial baseline was fted.
peaks corresponding to the concentration around 1 umol L™ can still be evaluated.

1200

2 ew
400
(1)

EWv)

Fig. 1. DP voltammograms of PA c = 100 umol L") a the BIBE in deionized water ~ 0.1 mol L*
i e o 2 601 (1) e

150
750 2 A B
Z a0
2500 z
< 150
=250 1
o
0
01 02 03 o1 02 03
£V Ew

Fig. 2. The different mehod of the peak evaluston, shown at an example of PA in a
dcionized water matix (¢ = 40 umol L' pH ~ 40}, (8) The fixcd-order polynomial bseline
coretion oulined: (1) the fied fixed-order polynonial baseline, (2 the recorded signal of

A (B) The resuling curve, whe th fixed-order polynomsial baselne corrction is pplicd
e e Trom Fig 2A).




T e A e Dt A
h

Fig
range of 1-10 ol L' s deicted, both without and v«\lh mc Du\)mmvul buseline
o used. Afterward

e e i alctummuutd inTable 1 as

A Wb % xhdls gl s Secsi v peal
e i o ool ok v s ot 0 o

150 .
a0 .,
Al i B
240 o B .
< ! B 3
200 / 2
3 o 1
o
[Ty 0w o om
Fw 2w

60
¢ umol L)

Fig. 3. DP voltammograms of PA measured at the BBE in deonized water - 0.1 mol L
st 40 (51 sbutons e oncenon g o2 - 10 ol . (A) Without
baseline correction and (B) with polynomial baseline correction (blank (1), 2 umu\ L' @4
ymol L' (3), 6 ol L (4) 8 ymol L (5). and 10 ol L (6 of PA).(€) Coresponding
concentsaion dependence of PA (2 - 100 ol L) the inset shows the lower concentraion
range (2~ 10 pmol L)

Conclusions.

1ol L acetate

buffer pH 4.0 is 0.7 umol L. oy shyﬂ\v Jower than th rechod sin the me
! s waing decrod gl 4 poreey St e e
solid amalgam composite electrode (Lo = 1 umol L) ™. Th it can be concluded that
the BIBE can be successfully used for the Obermination of e mouns f PA 404 Siteble

e st A Bk workin eletrode (BB) was Ahdop:d The i of
Im




Table 1
Pumeirs of e callraion crvs of DFY deeminion of PA o the BBE in vatr
mple—0.1 mol L actae buter

00 pmalL " mi ofdetcction Lo it of quaticto,
e Sope  Imereept L, L, RSDG
(A Lpmol')  (nA) (umol L) (umol L") (%)
Deloaised anz 24 0% 02 07 30
Beklias 35 33 0960 03 " 62
i s $4 o0 o 18 99
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Abstract

A new, rapid and sensitve voltammetric method using an unmoified boron-doped diamond

electrode was developed for the determination of erythromycin and ciprofloxacin in water

1 cell with Ag/AgCIAM KCI

i e ot ot ol A detmi e o o {iete
e (pH

cevtecmyein od aproflouseia i & car coneenirsion ange fom 6.8 (065,1 anol and
Bom 03010 151 umol, respecively. The developed SW meihod was spplied f aalysis of
selected antibiotics in several water samples.

Key words: Erythromycin, Ciprofloxacin, Voltammetry, BDD Electrode, Water Samples.

Introduction
Inrecent years,
vorduide a emeging conaninans,whih woul present  potenal thrat o st e
and even human health. por

syl e e oy irment plrs
(WWTPs) are not designed 10 completly remove antibiotics, and consequently they are
rlnsd ot e Moreover, niois cn pas throngh sl ﬂlmuum and
reach ulimately (o drinking water due 1o their high water solubility a poor
Gegradabily 1t iy mporant o ot et man of tese substances may remin i

My s s focusing on vrious i smergng in waswatr nd i drining
. whost continuously increasing * The most common approach for water

i i b o s wmbmmw 9 tauid il et ulmvioler *, luorescence

and mass id wsea

e
contuming sample preparaion 1 Thereore, several senstive el aeighie tldvas
widely used as alternative methods for micro-analysis '

Enhromyein i s bros-sposiram anbiotc tha exhibi »High sty aains sty
Gram-positive. and Gram-negaive macrolide. antbiotic. having_an
antimicrobial xpecuum e 10 o xhgn]v i o o oF o 1
sl . pvle i 3. sl 7 poilln Tis st it o iy &

thebile, and a small

portion i the urine . oo
o Sapiteg i g e s L s o
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derived from a nalidixic acid. I provides an effective treatment for a variety of infections

pariy thssof hewinr, ey s il tct, s swﬁ s s
iy nd ool ghacpsorlgio ppeionaak iyt

o it o i T s ek S A s 8

wiecied smibioics (erytuomyc 4d cprollonacin) on the ummodifed baron depod

diamond electrode and its use for the determination of erythromycin and ciprofloxacin i real

water samples is described.

Experimental
A mesmments wes pefomd by Piiota Gl POSTATIZN (fegbn
A ., Dbt Nocsond, i s gt by PC in st NOVA v
1103 (Metrohm) A three-electrode system was set in rochemical cell with
At ) S it e Bl St 3 i s s
coumer detrods, Unmodified BDID sectrodes were used s the working st Cylic

voltammetry (potential range 0 - 18 V. step potential 2.5 mV and scan rate S0 mVs) and
aare wave ammens (sotenil range 02 13 V. prenia Sep um v nmmlmde 005y,
fiequency 70 Hz) were used for electrochemical measurements casurement

ot e U P v e et w5 st S 1000 L VR,

Vienna, Ausiria) pH meter.

Erythromycin and ciprofloxacin were obtained from AppliChem (Darmstadt, Germany). All
kel B i i . Gpfor Bt sl s ikl i
obained from Sigma Aldrich (Steinheim, Germany). Water purified by a Labconco.
aterPro PS water vull(clhon vlem (Libconco, Kansas City M1 USA) was use for th
vt of o el

.
dissolving of 1 mg of a drug (AppliChem) in 1 ml of the distilled water and filered through
syringe filters of a 045 ym pore size (Milipore, Molsheim, France). All experiments were
performed in .01 moll ammonium acetate bufler (pH-S).

Inthis study, different real water sampls were used (i3p water, wastewater from a municipal
reatment plant) Before the analysis. all water samples were filered through 0.45 ym syringe
filters (Millipore) and sored in a fridge.

Results and discussion
I the fist part of our experimental work we focused on the optimization of electrochemical
conditions for the analysis of erythromycin and ciproflosacin. Cyclic voliammetry (CV) and
square wave voltammetry et rom cleohenical meods ot he sl
of selected antibiotics. The working conditions such as potential range,

e, depsiton ime and fucocy were opimized (opimal S g thown
the part Expeimental - Appaus and Exerimenal condiions) Wi aninrssing vilus of
the optimized parameters also the peak current of erythromycin was increased. However, this
henomenon was lnked wih the peak brosdening and the background curent pihidiy
Therefore, values of

e peak High and shap. Ere 1 s sheving he ifiancs of heueney o pesk parametes
in SW analysis of erythromyein (25.2 umol) in 0.1 M acetate buffer (pH=5) on the BDD
electrode.

B
H




levels from 6.8 to 68.1 umol and from 0.3 o 1.5 pmol, respectively. We were able o

an erythromycin oxidation pesk at potental + 0.87 V and a ciprofloxacin oxidation

peak at potential + 116 V. Figure 2 shows a SW voltammogram with increasing
Feryth

. 1. Influence of frequency on peak parameters i the SW analysis of erythromycin with
€252 ymolil n the 0.1M acetate buffer (pH-5) on the BDD elecrode.

i2.2. SW inthe 0 1M o
and the cortesponding calibration curve.

In the next step we used a proposed method for detemination of erythromycin and
S cal v gl 0 Yy 34 oo w1 of e

romyci s shown_ Fig. 4 illutrates an
Lt UR S dotd gl o b Ber inde
rvhromyin (65, 13 and 20,4 pmolL)

ig. 3. SW analysis and oM (pH=5) on the

BDD eletrode

Comcusons
1 the presented work, the unmodified boron doped diamond electrode was used for the

b e e s devloped 3 sensive

sa of = L1 umol)




and ciprofloxacin (LOD = 0.4 umol). The SW method shows a good lincarity in
‘concentration range from 6.8 to 68.1 ymoll and from 0.3 10 1.5 ymoll for erythromycin and
ipofloacin, respctvly. The proposed method s succssuly pplied o analysis ofbol
nibiotic agents in real water samples without any preconcentraion step and with only
Fluason of e samples.

. 4. SW analysis of rythromycin in wastewater on the BDD elecrode.

i work s mncilly suppoted by th grant o th ok Resesch and Desclopment
Agoney (APVV-0365.12)
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Abstract
T ki sl i e il e o S S o
iroquinoline (-NQ) us voltammetric methods. The following_optimsl

i e ot Do inson (55) s of 10 o b elods (DY

3 ion potential cycles (E, = 0 mV, Eyo = 0mV). Under these conditions
limis o m....unm.m (LOQ) were found o be 1.0:10° mol L for DCV and 40+107
mol L in deionized water. The LOQ for model samples of water were 2.0+10”
ol L o g e et 0" ml o vt s D

Key words: S-Nitcoguinoline, Carbon film electrode, Voltammetry, Drinking water, River
water

Introduction
There i n ever ncesiog pltion of our emvitomentwih it tsic compounds
Therefore, the development for

necessary. Some. mmycnc prribies ity kgl

derivatives) are among compounds suspected of carcinogenity and mutagenity **. This
conirbution s focused on voltammetic determination of S-nitoquinoline (-NQ) using
b ur o

carbon E) ped in our laboratory 15 of I
its wide potential windorw in both cathodic and anodic regions (cca 3 V), high sensitvity and
o i o missrity. il o ey renewable dockode mafoe wmd ato o

nial stress compared lecrodes vola ‘methods for
Gmcrmimaton of SXC i ot miraganaites we sy esigmes oo UNESCO
Laborsery of Eviamental lcrochenisty sing metory menisus modiied sives soid

onade and gy et paste oo  becuse of ey et ofprcn

e
The dcioctepicalredcion of haﬂwychc ‘moiety in quinolines is also possible, but more
complicated " 4 mhcton to dhyroqinolne 0d thn 1o
le\rzhyﬂrm\ummmzm (w0 2-letzon wayes. Quinoines and thei dervatives are usualy

o caalyssand 3 commin iniiers . They are o primers of lny nrm.um dye;
it

NQ ogtherwith the greup of some NPAH s detrine by HPLC usig evere phse
fuor

(mixed medium acetonitile-water). Three types of detection, diode array, luorescence and
Chemuminescence 5 wers compared. Th reenion characeisic of 56  nied aromaic
s published **

R s i ok T N0 e e ol St
solid phase extration using columns filled with cyanopropyl group modified silicagel was.



developed *. The ectrochemicl determination of nittoquinolines and the elucidation of
clectrochemical behavior of S-NQ can be found in *

Experimental
All voltammetric measurements were carried out using Eeo-Tribo Polarograph driven by
software PolarPro 5.1 (both Polaro-Sensors, Czech Republic). The software worked under the
Sing s Wit Winkows 30 liconct Ut TS0, o1l pansits
out in a three-clectrode system using platinum wire (PPE, Flekirochemicke
sy e :Vu Jic) as an ausiliary electrode, silvr/silver chloride reference.
electrode RAE 113 (1 mol L' KCI, Elekirochemicke detektory, Tumov, Czech Republic) and
I (prmpred o polinhed-sivs sl o csoods substate, disc diameter 0,36 mm)
and pulse vidih
00 mY wee sed Bttt sy o{ve\umvmcmc neasurements st CFE vas asared
by a suitable lectrochemical egeneration of CFE surface

(CFE was prepared by covering of p-AgSAE surface with a carbon film. The film is formed
e immening serod srfae i he condusivenk (e ative pat o the lcode jus
fouhsthe s of th r). One minui e immersin, 12-ichirothane evap

i he lectrde s eady to oo, I i noccsy 1 1t ol i (65, berain of
assivaion, i ca b cshy emoved by wipog G with e paper

ink was prepared
e o R 2 Mast o, Cuss Rl 001 g o€ oystyrene and 03 . of
1

163 i e Vemer-Gent  Getene i, USA)

Stock solution of $-NOQ (¢ = 1410 mol L") was prepared by dimling 001742 g of SNQ
%, Aldich, USA) in decrized walr with scncaion (10 min) and iled up 10
100 mL Lowes concenraions were propared by exactdilaion o stock saluion. Al souons
e Pl ptrbisl e,

For clectochemial determinaion of SNG, dirst curet volummetry (DCV) and
el i el Q) o el 41 5, i dvcrochgnial fusie
L") in Brton-Robinsen (BR) bufter of diferent pH was nvesiaied
in pH region from 2010 130, vy
B b o 11 for b o, I e ook o oot svton i povsuiig
regencration of the electrode surface before measuring was mvcmg\ed e o
rogeneruionpenal efr ndalle he ek bor and b tepek, n 300 cces
JHfeainey 1ol s secht e ol T b tpediily S e o

amv and vffnl' | egnernion plocal Ea = UV, i i in fct the e a1 =

potential window of CFE
Rep:aublhl) of measurement on su\gle arbon fim {\'xnab\lﬂy on particular films) and
atablity

one film was about
10%




Determinaion of S-nitroquinoline indeionized wa
Th caliragion dependences of SNQ n BR it orpH 1 0, the concentration ranges of
@1010 " mol L, (2-10)10 “mol L and (21010 mol L' for DPV and in

conm\«monmlg&(ﬂ“ ) meYL DIGIO0 L fr
YV, w

240 me\L T 410" ml L for DV o o 4410 mor L 1o 6410 mat i fo

DCV. The el ic o i e sy e e i o

Avhvuhzrwﬂcmlwwﬂsl 100410 *mol L ' there +dovaion fom s night e ich
maniesied by nerssing te Sanl o

uantfcaton. are summaized in Toble

g o B AT

[ and limits of
o0 o e s evsponding. D

400 600 800 1000 -1200
Emv]

. 1. DP voliammograms of 5

SRR B L 1 gl
NQ concetsion: 0 (11 2 (3 4 O 6 @5 8 (3 and 10 9) X10
corsponding calibration curve is given in the

I e e vl e o sl o i DPY ol 0 Bt of
S-NQin spiked samples of drinking ant er under optimal conditions was carred out
s the possiily of it deemingtion was i, 90 L of mcdel samplsof wates
ith et cossnrtion of SXQ g 10 il of e B s of o 110 w
measured. The concentration range from 2710 " oS a1 by ol DY

PV Qi depicted in Fig. 2
“The parameters of quantifcation are summarized in Table |




600 900 1200
E[mv]

Fig. 2. DP voltammograms of S-NQ at CFE in drinking water samples. 9 mL of spiked water

‘was filed up to 10 mL with the BR buer o pH 11,0, The curves correspond to S-NQ: 0 (1)

2.2), 4 (), 6 (4), 8 (5), and 10 (6) 10 “mol L - The corresponding calibraion curve is

siven i the inset,

T
Parametesof on of S-NO using DCY and DPV at CFE
Concenraion - Slope et L
Method (mol L) (@A Lmol”! A R (moLhy
BV o0t 2000 O —
@ \mxm‘ -232¢107 1182 09846 e
-2.18+107 304 09767 1x10°
DPV 208107 1953 09862 -
Soes Foway a3 -
(2-10)<107 -186+107 099 09952 4x107
DPV drinking ~ (2-10)+10% 158107 A7 09987 25107
-1 n)\m" -m]uo” -1 -0.9968 -
DViver  @A0pa0 151107 219 o%m
(@-10) Ilh7 1364107 031 -0.9975
Conclusions
s byt he o lammcic s OV 354 D) o et fr
deteminaton cromclar concentaions of mutagenic. SNQ.based on cahodic
e of st v roo  caen oot (CFEY e o el ot
mmm.u of S-NQ in water, xhere was a possibility to measure it in a purely aqueous medium.
e o s g, of A 3013, he subsanes providd oy oo e B
m‘, OF T 110 and the regncruion potnial (hypbeical ycing beow

v,
Sty e e stk o e v T e Aadenes



of S:NQ i deionized water, were measured. The limis of quantificaton were 110 mol L !
for DCV and 410 " mol L' for DPV. The oy of devloped DPV metodindinking
and river water samples has been verified, with the limits of quentificaion 2+10 " mol L. ' for
e sumpls of Ganking water and 610 mol L To model samples o v waer
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Abstract

Differential pulse voltammetry (DPV) and eyclic voltammetry (CV) were used for study of
1

‘The pH effect of BDZ (Diazepam, Nordiazepam, Alprazolam, and Bromazepam) was studied
inthe ifen modi (Brtion-Robison, e, phsphe buffer 1 0,1 ol L NaOE)
“The calibration dependences exhibited good linear mol L'
e o e s T e oA mmmny v Tor the
diazepam determination i the model sample of urine.

Key words; i X 2 Amalgam
electrode.

L —— ypnotickgm dginken |
oo 66 e fsiepini uinti i {akos, nspovos o isbmi ©. BDZ oy
funkei GABA systému, Kiery ovliviue centrdlni nervovy systém saved BDZ se selekiivad
vizou na c A et komple, Wi e propoten s loidovim. Caniiem. Ty
receptory jsou_zodpovedné za_neuroiransmiterovou inhibic. Navizini BDZ na_recepior
some z\)scm .rnuy I s Yo AN i e Je Do

e

oz NDZ Bz ALz

Obr. 1. Chemicki struktura BDZ: diazepam (DZ), nordiazepam (NDZ), bromazepam (BZ) a
alprazolam (ALZ)

Mezi nejpoutivantji metody stnoveni BDZ pati separacn techiky jako HPLC, GC
MS). micelimi clekiokineicks kapilimi chromatografic » kaplimi elekiofoeza © Tyw
jsou velmi_citlivé, aviak v neki
insmmemac, chenikal, upws vt o
chnikim iz bt PV e pldsave bl Ao il
ticho ek Promncst sz ¢ funkéni skupiny a jeji snadni clekirochemicki
eukovainon g pouit ol dekiods meAGAE. T Tikiods meAGAE




predsvuje mezistupen mezi utovymi, pevnymi elkirodami a kombinui jeich v§hody:
vysoké vodikove prepe, regenerace povichu s mechanickou stabilitu

Experimentiln cist
Chemie

Sty D24 D2 by tcupeny sy S At Cotd b Lty 52
4 L2 ORKA, ot by poty e fmé Lomerat dos

BDZ (110 * mol L") byly vhpuvcny rozpusténi mnui,m BD] (lhvmh(
(8 Chenica Ceskd Repubik ok, pipaven roeky iy michin o e
it sl iy do lubon i 5 o . T mm,m 5

fpovid
0007 9 o repuiino v odmémS aie o bjemu 25 . it et 30 i s
als
inl 0,1 mol L1 NaOH. Brttoni-Robinsondy puft R, it po CP)« st
(FP), 0.1 mol L " NaOH byly pouity jako zakladni elekirolyy. BR byl pripraven snichinim
zisuitslosy 2 mol L ' GOH s Kyl atky (004 mol L | HuPO, CHICOOH, HiBOY)
1 pripraven smichinim 0.1 mol L' kyseliny 0.1 mal L' NaOH a FP byl
prichystin smichinim 0,05 mol L' NasHPO, a 0,1 mol L' NaOH. K elektrochemicke
regeneraci elekirody byl pouzit 0.2 mol L' KCI. Modelovy vzorek mogi byl pripraven
rozpusténim 3.2 g CO(NH:):, 0,153 ¢ (NHH:PO,, 0,027 & (NH.LHPO,, 0,184 ¢ CaCl,
0,128 NuSO;, 176 g KCI v 500 mL destilované vody. Viechny vodné roztoky byly
et ey ool delorané ol

Insrumentace
K voltametrickému men byla poutitssetava Eco-Tribo Plarograf se softwarem Polr Pro

. fms oS P Cok i), € slamericin it bl
elek rodovy systém, tvofeny referentni argentochloridovou elektrodou (3 mol L "
KD typu RAR 15, pomocnou piinovon clkiodon - pieh ypu PPE (Mongkysial,

K plipravé roztokis o presném pH byl outit i s Grin Sir A211 Dstiovand v s
piipravena pomoci zarizeni Demiwa 10 Ros

Procomsposy
Volumeticki

il ) i ad s Pty (0 e

mum.m. S minut usikem. Takto pipravens edla byl pousia k maleven optimilaiho
. Kaliwata vt by 1ca  Opimltin prsiod 0 dincs pHL Siugovend 0z

Gablem  modelovem vacr 1o byls rovidéas todo sandurdal®s e pomos

" Cimit detce (LOD) byl

vypotten jako pomér trojnisobku smerodainé odehylky nejnizSi mefené koncentrace a

smémice primky. Limit_kvanifikace (LOQ) byl vypocten jako pomer desetinisobku

Techniky
Cyklické voltamogramy BDZ byly méfeny v optimlnim prostfedi pii riznjch rychlostech
skenu: 50, 100, 250, 500 mVis. Diferencni pulsni voltamogran ziskiny pii téchi
perametrech: rychlostskenu v = 10 mV/s; vy3ka pulzu ~S0 mV a Sk pulzu 80




Vysledky a diskuze
Zejictshovlamogms (O 20 et e ASSAR o i 3 B2 poskys
o eden redukind it
ve»wubﬂmm 5 Posumovin potencly ik smérem k ngaivaiim hodnotim potcncla
s yhion pawamge Heerdbii 3 Our. 8>

e

Obr. 2. Cyklicky voliamogram BDZ (A) v = S0 mVis, (B) BZ v = 50, 100, 250, 500 mVis,
)= 110 mol LT

Pro urteni Tidiciho déje byla vynesena zivislost logaritmu 1 na logaritmu rychlosti posunu
potnciil. Hodnoeysmimic skanich 2 v (1, 4) nasidui o i e di 5

malym vlivem adsorpce. Vyssi vliv adsorpce je patrny ze smemice (2) a naopak Siste difuzne
oen 6 Jo sy 4 B2 (0

lo LA -0s01.kgimyip a7 R =030z (1
s L -0561. ogim¥ih e om0z (2

04656 log ([mVis) + 1365, R~09851BZ (3
Tob AR -05137 log s 1315 R - 03987 ALZ. (3

Pocet vymengnjeh clektrons a protoni mie bit 2 e zivilost potencidl E na plt v
TR gt (T ) e s vl e gk ok Y 1001 REDD Wkt
todnoty smémic rovnaii teoreické hodnoté 59 m! redukce dcastai stejnypocet
ko ko proon. it e e by saEdbort 1ot sl
elekironis a jednoho protonu za vzriku radikil anioniu. Pritomnost jednoho pik naznatuje
ke v kol i 3).

Tabulka L.
Zavislost potencilu E na pH v BR.
BDZ Rovice pfimky K
V)=

BZ E(mV)=-6L001 pH- 17926 09986
ALZ_E(mV)- -SL177 pii 49361 09987



Obr. 3. Mechanismus redukee BDZ
islost potencialu piku E na logaritmu rychlosti posunu potencidlu byla vytvorena
e e e e e
Koefiienty u byly vypotteny pomoci rovnice pro cyklické voltametrie * Hodnota smérmice
e sminind ivilon e rovtswirr (KT log v Hodnoy & o B s snbzomény
v tabulee 11 Se zversujici

Tabulka I1.
ysledky potencidly E
Bl

Ke gkt sbvilon mensty gl BDZ (¢ = 110" mol L ) veikost LoCietes
puftu a methanolu (91) v rozmezi pH 2-12 byla pouita DPV. Opti

i bl dle pcuniny 3 C7. P 501 ol L RuOT Yty opimalie st v
riznjch pufrech jsou zobrazeny  tabulce 1L

Tabulka 111,
Optimalni prostredi pro stanoveni BDZ.

T T 1 T
e Parel  Ogiye GEY T
Dz BR

2 1751539

01 mol L' NaOH 132 Ty Ciser
NDZ BR 102 1096 1669
EP 103 10 1523

Bz BR 3 38 -1
3 2 340 -1069
ALZ BR i 1050 1779
P i 10612409

K R B AL R o B 107
“'mol L. Parametry kalibratnich primek BDZ s \Vabuee IV Hodoa

eeablh Eochont e vgsob Bt sad s s, Nt ey

smérodatnich odchylek (DZ, NDZ, ALZ) vypovidaji presnost vyvinuté metody.

Nové vyvinuta voltametrické metoda ke stanoveni BDZ byla ovérena na modelovém veorku
st vl ety sl . P o it L 1 v
978 % se smérodatnou odchylkou 2.28 % (Tabulka V.). Litky piitomné v tablete DZ.
2 i v o i ety saores

202



Tabulka 1.

NDZ 6107110 %
BZ 6107-110° 1006
ALZ 6107-110" 338 502107 354107 09975

Tabulka V.
Stanoveni DZ v modelovém vzorku moti

BDZ VytEznost
(0 mol L) (0 mol L) )
bz T 0992 578282 %
1 0991
! 0952

X kgl ke s RO s AIAS Do, ol e b
ebjlsncn kit & itk B el 6 ok Bkl ol
e podli doucefonove rcvesbill redukci Bylo 514, 3 ph dektodovem 851
4 Uplsbai ifome s riead vellfen Vi wiscepon, B3] avedin mecisnisun seibce
azomethinove funkéni skupiny v BDZ. Byl vypotien koeficient  popsujici ychlost prenosu
shins ek, ol D sl e A rosto) s Wi
s FR). Vyvinsti stode bln posit ke sunovet D2 v modeloven vamis mod 5
\§Eznosti 97,8 % a smérodatnou odehylkou 2,28 %,
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Abstract

R e e
)dmxyqumohuc ‘compounds in nonagueous  solutior obtained

cdvaivear
wel\ s the obumad xidaion ptcntal rs n  good ageement with theorsical HOMO

clic voltammery, in sifu UV/Vis spectroslect iy and in it R
ity Sl b sl o et Osuton
Thexpoctely proceds togehes with rotonation of the starting; ompoued. Tnis behavious
was found for all studied compounds, hydroxyquinoline carboxylic acids and also for
‘compounds, where a methy] group s present nstead of carboxylic group.

Key words: Quinolines, Reduction, Oxidation,
Protonation

Introduction

T o€t i e ool el st ricion
mechani clected  hydroxyquinoline _deriva solution
o bt BB lie b o B
replcation of HIV-1 virus in cell cultures . In vitro and ex vivo assays show that their
Silogial vty e oty it o s prsnes s ol roup o 1 ed ol
wroup at C-8 of the quinoline . Oxidation of hydroxycompounds is ofien connected with
oton st >

Experimentl
Reagent

),
caboxylic acid (2), zmm,usmam,qmux.mmmym acid (3), 2-methy
.2,

acid
& 2 it (5 s bt according o the et ¥

Tetrabutylammonium hexafluorophosphate (TBAPF), which was used s the supporting
cl:vlmlvvc s baned fro Sigm Aldich nd dred before ue Aoctontil, byt
% aimet ulforice, anhydrous, 95.9%, were purchased Fom Sigma Aldach

ased
s ok ko et M s s s i b
further purification.



Scheme 1. Calculated molecular structure of 1 - 6 with respective HOMO,
Methods
Electrochemical measurements were 01M TBAPF, in acetoniuile and

dimethylsulfoxide. A three-electrode electrochemic cell was used with an AgASCIIM LiCI
reference clectrode separated from the test solution by  sat bridge. The working elecirode



i gy o et (it O o). o iy i g

removed from the solution by passing 2 stream of argon. The oxidation

it 4 o gl oy e S h e, i it

concentration range from 2+10™ M — 210 M solutions. The exhaustive electrolysis and

cyelic voltammetry before and after clectrolysis were performed using a PGSTAT 12
TOLAB potentiosta (Ecochemie, Netherlands).

tlctochemisey was o wsing n cpicaly gt ey loirode
(OTTLE) cell with a three-clectrode system (plainum working and auxilary electrode,
e b Sy il o kgt gedid
optcal windows. The experimental setup is described in reference ' The 1.0.cm quartz
cuvettes were used for recording the absorption spectra

Results and Discussion
Reduction and oxidation potentials of compounds 1 — 6 measured by cyclc volammetry
fogther with theoricallycbuined fonserortial ety (HOMO and LUMO) s el s
el ol A i i oy Ve T ] T poie o 12
redusion wers (i 1) od 1 e idati wave (3t Sown) o 3
i it o 0 i o] o LUMD s OMD, 1t e g,

respecti

Table L.
e A A PO 0 G AN 0 ity Al
and calculated values of HOMO, LUMO energies of studicd compounds using the density
ncionl heors (DE T clcaions ik BIL¥P mncton and 31 b o

Compound  EwlV | Ew/V EuowoleV  EuwoeV  wb VA

T [ T R R T
2 14 099 541 22 8w 208
s 06 109 635 e 780 1
0 10§ EES 600 so om0 17
s 09 13 sl e 1o
0 050 15 S | 2z

A of the height of
oF3a1d  wilhth high of xiduion wave offemucen under the sume condiions. [n the

Jiterature one can find cases of “father-son” reaction as a chemical reaction taking part n the
ovenl redor mechuion. m.‘ the overl sl stotiomery s 23, die o the
iption of saing compoun a3 poonacepor i theadation proces. This T
don I kncws I e, humme for the reducion of hydrowyimines . rduciv
cleavage of 1419 1 these cases the p

« nthe his “Father-so
s o o o st o

” reaction can




T o e s R A Wy
UVNVs and IR spectroelectrochemistry in the OTTLE cell and oxidation products were
ideniiod by separaton ecigues

El umMo eV

Fig. 1. The corelation of Eviyio of compounds 1 - 6 calculated in vacuum with their
experimental reduction potential (Table ).

Rkt T of i i e it s
ratu (55) oty 1 o ot asdaton rodos s ond. Tt

Conclusion

We ovadiht the niogen iom inthe hesroyle of hydonyanains is protomied
during the apparent 0.7 electron oxidation pros rationalized by the auto-
dprtomtion reation by anate i saring mnkmles o hvdmxvqmnulme so that the.
overall oxidation mechlmsm invlvs 2 d 3 starting molecules. Both, the
s i s dsemsteni st oo Tt e i

process involves two electzons and two protons per one molecule of the hydroxyquinoline.
rivative. The y
1o protonation of biocompounds cantaining nitrogen bases
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Electrochemical Determination of Selected Heavy Metals in Edible Mushrooms Using
‘Carbon Paste Electrode after Wet Digestion of Sample
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Abstract
This study deals with determination of copper and lead in edible mushrooms by
electrochemical stripping analysis onto carbon paste electrode. Optimal wet digestion (WD)
il ey rpsed i Biing bl 0 ) it o DN,
(13). C i analysed
St o o b g 8 s, Dlmdoapon of Ik o 3o e
s orotng b A S i
level in analyzed samples was found i the range: 0.45 —

rds: Mushroom, Heavy metals, Electrochemical determination, Carbon paste
electrode, Wet digestion, Copper, Lead

Introduction
Edible mushrooms are widely used for preparation of food or served as a food lavouring
of the

lde ol o Iumkind, Lo  thic i, they Bave nancr, smiosida
oy s e g g i
Nshroos s o good ey or Ik vaous ierts suh  Fe K. P, Wi Mg, 20 o

10 specfy

mushroom composition. Alsodetermination of phenolic and organic acids in edible

ushoons i tosegi il s of imers, Phnoic e mh 8 procetvi, -
p-coumaric, caffeic,

iy, cnhe,leoglaio el st ids are th
ot anaed comwmvds ks i e Lot o) agene i
diseases ', Moreover mushrooms coniain another essentil component, faty acids, or other

Vaiousbclogea scive compovat

Deeminaion of besvy mets nd e semnt anlys n ofible mushrooms coud be
considered as ane of the dominant resca in mushrooms sy Lvel of e
ittt e ol Bevtand: s, o Iduce mrphclogial
malformation, decrease viability or inerease mutagenic. cffcts an ount of trace
e o s s Wl e s S st o e W 3
capsity b scumuli besvy mel e P C,H4) o som aher o oements hich
could be used for sols or whole

o mety i oo’ whce reng-ofsptcal s w1 Svplere). A
biopion spetomety (it lame orgaphic fumae) s i ofe w11 followed by
inductively coupled plasma mass spectrometry (ICP-MS) */*'* or ICPOES *. Analysis was
sl done by the sim ofsepaion hromaogapic mthd uing s chomogapy with
s sy (CCMSY o s St vl el it o
come. non-raions] methods s cmployed 5. ube-<xchd snrsy dspeive vy
Huoeecsios putaray speciscepy - shot e insonetel oo sceson atalysy
(INAA) " of epithermal lysis (ENAA) . Surpisingly




0 i
the most clectronlyicl detemination of mushrooms i desling rather with umﬂys\s of its
moxidut_capaiy than wilh inocmic analyss Respecing iy fiings tco

h above

mentioned developed methods.

T o g o sl il bl WS B8 O
i  t gl Biedlalls e, Ko
virs appropriae «.u.m... i e e s a slocl
minera acds could a1 Tos work s ot o Sscuemmsyita postuies of
determination heavy jetonss ing cabon pase clechode aher wetligiation of snpl and
alternation for

Experimenta
hemicals, Reagents, Stock and Stndard Solutions

i ot o e S s o et e ), g

puhusd fom Merck, Sgni-Aldich, and Lachena (B, Casch Repbli) The stack
itions were made in concentration from the respective chemicals by using

ol i water and e s e e ARS.sandec oo of Coll), oy

PO, Bi(IT) were used throughout. Water was obtained by double distllation of deionised

water though a aboratory made distilltion apparatus.

Instrumentation
An electrochemical analyzer AUTOLAB equipped with PGSTATI2 (Metrohm) controlled by
NOVA software (version 1.10,) was used for all measurements. This assembly was connected

electrode and AwAGC reference electrode with double junction, and a Pr-plate auxiliary
clectrode.

Working Electrodes
Canboe Pate, T proges e sus popss by bl s of 50 o)
waphite powder ('C} n. Czech Republic) with 20% (wiw) highly viscous
rtane o CLUKOIL NV 500" Lutn svay R, Cosch Repuoh, Enc o

interval of 10-30 O Furthermore, each CPE was renewed by extruding ca: 0.5 mm of carbon
paste out rom the body and then smoothed with a wet filter paper.

Voltammeric Measuremenss
Savsevave sndicspping volummty (SWASY) was the tehniqe of holos. Unloss
sated athrwie, eyl measursment bad consisted o e undamenal s )

ring ; an
i) postively-going e i O :mvwng el kot S W ASY v
follows: Eosia = 0.9V, Eag = 0.2V: Exyp = SmYV, Amplitude = 20m a

Sample Preparaiion
Sevenl mushrooms of Rokts b were collectd ot e locion 1 same plac
Mishrooms wasctntosmll sces s dy ot 105 °C, sl st wor sparsly grindd i
ot wih pete et honopeaou powdet s ined Fo g rocudes T4 oF
ample wa ke o 10 of a3 b, When iaton rocdigefrshes slun wag
ransferred in to-10 ml volumetric flask and il in with double disillate water (because of



evaporation of solution during digestion procedure) From this way prepared sample was
taken 2504 in o 20ml of supporting electrolyte (0.2M acetate buffer)

Results
I e fst sp weidigsstion procedure vee dotaild siody nd. laer_ optmized
Mot el i e e e byoton i e s wabl
rios As could b clay es fom e | The lighest Il of detenind copper
wicved in mixture of HNOYHCIO, 15 however wih raber hgher eabve.spdard
devision (- 203 %) tan in the cas ofsid mitrsin oo 13 hen stying rlive
),

o e ot e s s (mmdenn& m fit 2 hours of
ot blleg Spatin nisats ENOACIOL 1D &

o g o s ey g i sphed i samind
luionofcoppe (recoery e of 56-104%6)

sc0* 3
.

e

<

Eoor| o e w
g Gonconaton G (mo)
& 2o

3 2

e

En En o 2
Potential (V)
i2. 1. Representaive voltammograms for determination of copper on the carbon paste

‘Conditions of wet digestion procedure on o found amoun of copper.

R Digestion Cofound Relatine
procedure___(ug per.g dry sample) _stand. dev. (%)
Zhours 33421 3
HNOSHCIO (1:1)  bailing 2 hours 261435 134
HNOSHCION(12)  boiling 2 hours 302429 96
HNOSHCIO (1 2 hours 324227 53
N O S S 2 1 81
HNOSHCIOL (113 319431 97
INGLHCIOL1S)  toling2hous 35468 203
HNOSHCIO (1:10)  boiling 2 hours 234473 312
HCI0. oling2 1915113 92




In next steps comparison of proposed wet digestion procedure and microwave digestion
procedure was done, as well as comparison of copper level determined by atomic sbsorption
spectrometry and using mercury clectrode with.the results obiained on the carbon pasic
electrode. Wet digestion procedure leads to higher amount of founded copper (32.4 g/ for
(CPE, 357 g for Ha-electrode; 36.6 gz AAS) than microwave digestion procedure (30.6

S of sops: s it e T b gt i (s L3 ) s
For AAS or Hg-clectrode founded copper amount differs more depending an used digestion
procedure (ent 5.9 g or AAS and 5 8 g for 1 lecod)

For analysof athers vy mesls (il e and cadmum) coppe ct 5 an ied
interferent * in electrochemical stipping analysis and since level of copper in natural samples
\susuul\vscv:u\ Tigher tan led o cubmien thir detoiaton ' ol s One ofthe

mprcahes apoied reomly by our group in e analyis of wisk ldge i i using
complecing o precipiting sgents, Th Mot fficient uppeesi mm.ma n, adding
the feroc )amdeunmnwh\dlmclaxcmrdwgmfoﬂuwmgmclmnZCu e
CPACE] vl is o aels S quineln: w5 s fevsi
Halhe's rown, Aty ofresore e and cadmium signal by the sim o e s
el o B 2, Tk o’ s B d4hrion ot 1 ol

B B Tt

Seecion, Final results o found

Tead are summarized in table Il

Table 1
Contain of copper and lead in s of Boletus hadius
Sample  Contain of Cu ‘Contain of P
No.___(ug per g dry sample) _(ug per g dry sample)
T R4%27 043+ 004
2 5
3 =
4 283155 0800+0074
s 2124136 057040048
6 406=28 122011
7 317524 162013

Conclusion
Wet digestion offers an allemative approach for preparation of natural samples for
clectrochemical stripping analysis of heavy metals. Optimal digestion procedure for
i Sl e of bl (2 ) In o ENO,HOO: (1) el vld
o digestion mincralization. Furthermore level of copper
kol g s g i e ot um-mm e poste
Iy ahe mincrizaion proccee, To detcminaion o Icod is 1y 1o remov
unaned inuence of copper by adding arocyamde aion. This woek sahers fudamental
findings for later ollowing up study dealing with monitoring of heavy metals in mushrooms.
P avy metals

Acknowledgmer
A Gnancial sapport ro the ity ofEducation, Yout,and Spors fthe Crech Republic
(project CZ.1.07/2.3.00/30.0021) is gratefully acknowledged



References
Moradali M. F.. Mostafivi H., Ghods S., Hedjaroude G A It Immunophar. 6, 701
(2007),

1

Cayan F, Tel G, Duru M. E, Ozturk M, Turkoglu A, Harmandar M. Food Anal. Met
2,449 (2014)
VazJ. A, Barros L., Martins A Morais J. S, Vasconcelos M. H., Ferrira I Food Sci.
Tesmol 1,343 @011)

s M Mirochen. . 3280 G003,

4
§ Tuven M. kol T oot £ M D, S H: Al Lat 7 10 o
& Sk Swacoty 5. asen M. Ml . Fond Chm 4, 699 (3

7. Tuhn k| s, Emiton Bl £ 397 2007

8 BazzR D i M. i K. s, . Chem. 5, 871 2000,
Faas Abuu\EmmH‘( Anal Lett 5,932 (2011)

10, Turkekul I, Elmastas M, Tuzen M - Food. Chem 3, 389 (2004)

1

Ot ? K. Neines 26 PaleologorE K. igdkon KA 1 Food Comp. Al
6,450 (2007)

12. Cudor B Vavrskov L, Suchanek M, Bldsan . Gabri ;e 1489 2004
13 YinL L, $hi G Q. Tian Q. 1 ¥.Q. Zeng G- 1. Food Sci. 8, TIS1 (2012),

13 M . Konko K. Bwrts M. e 1 N1 Astola 1. Vahteristo L, Hictnicmi V.
ulainen J. Valtonen M., Pilronen V.. 1. Agr.F 43 (2001).
Borovicka J. Kubrova I Rohovec J, Randa Z., Dunn C. E.- Biometals 5 837 (2011)

M. H, Ugurlu M., Isifoglu M, Arslan .- Bull. Env. Cont. Toxic. 3, 276

17, 516K 0. Anal Chem 12, 1242,(2009)

1. Tuhan'S Zararsz A Karabacak 1. I 1 Foo Prop. 4, 723 (2010),

19, Randa 2., Kutera J.-J Radioanal. Nuc1 Ch. 1,99 2001

20. I’mchl Kubuk W. W.: Electrochim. Acta 2, 584 (2007).

21, Yang D WangL. Chen L. Mesharsj M. Naidu R - lecroaalyss 12,2637 (2013)
St S o 1 et Se 45057 (o1



Behavior in Various Electrolytes after is Previous
de Material from i

Milan Sys. Matéj Soes, Radovan Metelka, and Karel Vitfas

Department of Analytical Cheisty, Facalty of Chemical Technology

University of Pardubice, Studentski 573, 532 10 Pardubice, Czech Republic,
Email: milan sys@student upee ¢z

Abstract
During comparison of heterogencous electrode materials with solid slassy carbon, an
S gt o e gl s St o

forsolation of this biclogically active chemical compound from sample matrix and its
fllowing s by pulse decrchemica o Avcolingy, deatchenica
behavior of viamia B)n

aher i prvious cxmchion o th heeogencous hcrods matcial Fom . adooous

oon im0 Uyl Yoot Ukl e wtocopherol was
et i g o it o s st i 0 i (1l L) containing
0% ing cyclic voltammetry,
vl el oo ﬂwdy vultnm! range, 05 0+H3V w5
Ag/AGC3 0 mol L KCI, scan rate (v), S0mV s ', potential step, 5 mV, number of scans,
5. The results were compared with those obiained in measurements at solid glassy carbon
clecirode.

aseou-orani mitres;Cyslic vlammty, Btraton, eyt psie
elmode Tovophat Viamin

Introduction
Carbon pastes— as composites of conducive carbon powders and  fipophlic binders — are
il hterogenou lesirode malerils exiing spei. physico-chemial proprie

if conventional spectrographic graphite is applied 1o prepare the pastes, the
e o S cvapitin G ety Smast whas et o iae
solvents P

To operate in carbor by mixing with
some surf e dodeyt s (5D w305 (v W but
nfortnaly, thoe i of dleiode maleril re no bl in squeous efutions

for application n in aqueous
e s s SRS St S e
907%) used as supporting electrolytes.

The wiocoherol (TOM) ki s the mos biolgial actve o of viamin . is
sl aioidnt el R proer o of e pymin by . The
soluble only in organic solvents or m-r aqueous B s docbg
ecmochemical beavior of &-TOH In pire rganic scvents i thelr mixaurs with il
Sppeared i he lncrature &7 Accoring 10 the ahors: nowledge, dlectrochemical behavor
of vitamin E in siiclly aqueous solutions has not been thoroughly studied yet. Presumably,
the solubilty of ti

useful for its isolation from complex sample matrices and for its following analysis using
pulse electrochemical techniques. Working electrodes based on lassy carbon pastes (GCPE)

214



s oy sl st B W SO e o gy (OCE)
Mhesor bolhof he are sl o sndic oxidtion i s aquous lcrolytes s
as strong inorganic acids o luions sl Foweve.passvation o e
s s s e lnﬂleef o poducs of electrochmm\ eactions may
oceur which can be seen as disadvantage. Comparison of G

i CE (ol adsrpions i hl 1o g e eeciochmicn reaions o T
are located

Experimental

Vitamin E as (+)-a-tocopherol (from vegetable cil; 1000 Ul'g”) and tetrabutylammonium
eatiyesghoinie (BT e ptyted v Sigm Ak, Views, porsie
Acetone (99.9%) wcid (99 e for preparation of 0.1 mol L aceiate
o025 bt huton, poasta Aot st 4o DRy ydchions scd (501
phosphoric acid (85%), sodium hydrate, boric acid, acetonitsile, and ammonia (25%) were.
fom Lach-Ner, Nersovice, Caech Republic. Baah KO, 12,0
for preparation of the 0.1 mol'L” phosphate (pH 7.0) bulfer solution were from L

Bimo, Czech Republic. All other chemicals were of the analytical grade purity. Ultrapure
water (p = 183 MO cm; Mill-Q system, Millipore) was used for preparing all the soutions.

A three electode system consising of GCPE or GCE with the same diameter 3 mm
(robing, AgAGOIR Dol L K () an plainum wite (couter i) was
inmeedino ected

e potniosat Ea T T, DeSebpam cmplo)od
o cecuodmomicl  messurcments, ALl | clocaachens were
resized 1 2541 °C. Scanning lecron microcopy ws v S i
Bmo, Czech Republic.

Gty cuton powder SgnarG with paide s Sun Osg HTW
W) MV 5000

¢ s T empmon nixore 19,01 v momed o s seoted Ten Tl

with conductive screw: Colum of glassy carbon paste in the electrode holder must be lower
s 2o o, el s skt it FEM e o€ atey caoon pai
Smcnrear prescted

Fig. 1. SEM of ulassy carbon paste sructures.
Usually the a-TOH was extracted into GCPE from 50 umol L its solution containing

0%k secone 21 speed of siing 400 pn (magacic e, 113~ 04 cm) fox 2403 (open
citcle system). To compare the results, the same experiments were done with solid GCE. As



n lctochenical echniue, cyclic volummery s e Al mespremens werscaried

outin poteniel wmdmh from 0.5 t0-+1.3 V; scan rate " potentil step, 5 mV.
o Bersho

was washed by | yme water and the cyclic voltammeric measurement of the accumulated

6-TOMin 0.1 mol L of Brtton-Robinson bufTer ith different pH values was realized.

Results and disusion

Seosil bt e Olsied Wil 4 TSARE i, S (LU e Sn g
wtmnls 5 Gpended on o pH valoe of wed lecoly e, Simila dectochemical
Pehovor o 5-TOM was obseved. a both clecrodes under he . which sonirms he

it of O s SO vt s ean o i S Bk o s
) were more than fifteen times higher at GCPE than at sold GCE. For comparson,cyclic
voliammograms (Fst scan; blue lne; second repetiton; red ine) of accumulaed o-TOH at
both elctrodes are shown in Fig 2. Afler displacement of GCPE surface less then 3 mm,
these peaks were sill noticeable with lower peak curren responses which confimied the
extracton of o TOH into the letrode paste

0 6
|
o o
a0
v 2t
<20 ¢ <
ES Fot
S o} =
20 A J
T ¥
o H AL .
{ (@) ®)
0 -
0402 0 02 04 06 08 1 0402 0 02 04 06 08 1
E Vs AgACl E 1V s AgAgCl

Fig. 2. Cyclic voltammelry (two repeitions) o accumulated a-TOH (50 umol L' from 60%
acetone and then measured in 0.1 mol-L" HCI at GCPE with 10% silicone oil (a) and solid
GCE (8).

behavior of a-TOH at GCPE
was stuied. I g aids nd acidc aueous bl slions, only an aidaton ()
565 and e I 1 nd 1Y) edutio peaks were cbservedat GCPE sin et
lammetc scan. A GCE:peaks I and 1V re by econsable they conede
vid et At the second cyle,a nw axidtion ek (V) at 10255V ysfoundathe over
potenial value. It s evident, that formed peak V' is secondary oxidation product of the frs
Cxidaton (iak ). Relively rverile Qecochemel behavo of peak IV and ¥ was
This could be atrbuied o the
redos couple”. In neutal supportng
electrolytes, similar elecirochemical beavior of a-TOH was found as described previously
but anly one reduction reduction peak (IV) was observed during the fist cycle. In sirong

H




bases i alkline bulfi, oty o eidaion ek () o the Tt repeiion was found
inpotnal window from -5 o +1.3 V. At s negatve ptntils, il penonencn
in previous smunnr\s was also observed at GCPE; the peak IV (-0.60 V) and
ek V (038 V) s secon repet

The highet pesk current response ofthe firs oxidtion pek (1) was observed for sirng
s Ot he | e very dowly oy consn s o curen sigls wee
bered i he pH rnge 3-) Genrly in ey of peak potenial
o s oxidation e i derese wih creasing v of o e The
sl i bt x5 5Vl
s e (i showm, hich ol h 1| oot raons . Expaimenl
esebing bt of pesk ol ad pesk curet response of he s oxdaon sinal
on pH of various used lectrolyts are presented in Table

Table 1.

Parameteres of pH values of
Blectrolytes e mol L] oH heliAl  BalV]
HNO; o1 0 s6.66 0535
Hel o1 10 4078 0525
SO, 005 1 4005 0520
Acetate buffer o1 s 270 0420
Kt 01 s 245 0445
Phosphate buffer o1 720 234 0315
Amonia buffer o1 92 3679 0180
NaOH o1 128 5284 0047

partal che tions. In organic
solvents, the HO molecules and OH ionts are not present For this reason, cyclic
vlammiogams of TOH i pure crgaic e ar somewhat wesk in tems o te
umber of peaks. Fo compaison, te cyclc volummogran of o-TOH (26 mg n 10l
sl conaining O mol L' NBu,PFe) exhibied only one oxdaion peak at

(+117 4A) and coresponding reduction peak at +0.60 V (108 uA) at GCE (ot mawn)
During dec!mchum:l\ sidaive & wTO" ol iy Genad Wik s s s
10a-TO)
o eectron partcipates

The propsed modl of ¢lmmchemlul mmr of -TOH in aqueous acidic or neutral
media s Which sgrss i daadescibed by Giacomel©
ﬂyrlq\wus-elmmlm mmms 1 stois Xl whins, the deprtoushen s At
of dien of the fist osdaion) with bound waer molle (secondary
nucleophii & mmu.m\ an in followiag cycles, the frst oxidation peak is sl clear
T reponss peak cent dcerase with ncecasing eumber o reptons (dowe reacion
Kineids T srong basis ke 0.1 mol-L' NAOF. nuceepilc addion of hydrovl roup s
ki e s sl o i i st dnpefition, Bor i e, 0
ovidaion peak at he sam '




media’. Conversely, it can_electrochemicaly be reduced by two electrons (with two

Fig.3. ‘a-TOH in acidic and neutral aqueous medi.
Conelusi

The slecton of s and influence of

plnne o b gt ofhe et st 1 o necssary oo il o Solvent
i opimum content i comespondin ueossorgnic mixre, As eviden, o-TO iy
Sble i various rgic soves miscle with water (ot nly i sccon sd i s

S, Aneficeney of o TOF,cxrcion i glaey caroon paste s no afecie anly by
selection of the paste binder (and its amount) and the aqueous-organic mixture.
Extraction ime, temperature and speed of sirring play important role as well. For futre
analytical applications. it is important o find a linear dependence of the oxidation current
response on the a-TOH concentration. Evidenly, the extraction step obscrved in this study
sives hope f of " i
pulse techniques
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Voltammetric Determination of Herbicide Terbutryn Using Solid Flectrodes Based on

Silver Amalgam and Boron-Doped Diamond
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Universiy of o Focay o Crmia Technology, e ofEnvicamentl nd
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Abstract
Possibility of applicaion of the mercury meniscus modified and  polished silver solid
amalgam electrode and_boron-doped diamond_clectrode has been investgated for
T kol of hetidde et Onlls ey 1d dive seres

ed for st of the analyzed substar

e 5upp‘mm5 s g e D.Wmnum Pl voammeley as

gl eibusyn deieinaion. Finally, methods have been
{the real samples.

with those achieved using hanging mercury drop electrode.

oltammetry, Silver solid amalgam electrode, Boron doped diamond electrode,
i T

Introduction
Terbutryn (TB, N-(1

. cas

s structural Formul e 1
The et e 1 T e oy eporid 1965 113 scsiot e which
an e adorbed by folng nd ot ofpnts and acts 5 n iiirof phoxcx)nlhﬂu ™
3 vl Ve fr i it vl bt o, gl

1 6 s e fx conio) O lame 4 s Ik 4 el et ooy
and poad, T5 can bo s & prt of piokecek reteil aith bacenidal and anifngal
effects. T is slightly toxic for humans and other mammals during the acute exposure. I
e yimuly do ol mvon s wich o 10 convlons, impeied
‘coordination and irregular breathing. The high doses of T cause an edema and water in
Tongs. The chronic cxposute an lead o iver 4nd Kidney damage, decreae of white blood
el and slowdown i growh =

e

Fig. 1. Structural formula of terbutryn

Voliammeric determination of TB was described using HMDE *. This work i focused on the
determination of TB using polished and mercury meniscus modified silver solid amalgam
Soinde (PASAE B-ASAT) s Jorm gt tmnind Wssns BOE). AgAT
ot 8 g foioe et ohends it S et e & s n
ot g

oo pesiilty of e eseneration omparale wih FIMDE it th good mechansca
Sabily and novtosi cesrode mtenal of sod lecodes. The m-ASAT was vsed up 10
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now for many various analydcal applications in determination of inorganic ** and organic
‘compounds “", as well as i the analysis of peptides " and DNA **** The liguid mercur
e AGSAE o becn also susesstlly v for many amtical applicatons -

analyte. 1t is a relatively novel and perspective electrode materil fistly described in
EDDE e vy oo dctosbmnlel s s %) e e kgl
range, high conductivity, and_chemical stability ™

Aepadan st ws e ooty oo el il
reviewed e.g.in . Pesticides and their residues are also a large group nlmhsw\c:s e
With BDDE, and a number of the papers have been aeady published on tis topic *

Application of solid working electrodes made of silver amalgam and boron-doped diamond
for voltammeric analysis of herbicide TB has been fistly described in the present paper.
Applicability of real "

Experi
A e sed o o G it o, e il et i
sotion e of p.a. sy Biiton-Robison (BR) buff of s pH vl rom 2 12

reparedfrom an lalne component of 0 M NaOH (Lachema, B, Caech Republic and

= st sompoum consining of 004 M 1 70 206 M 50, and 004 M CECOOH
(Lachema, Bro, Czech Republic). The electrolytes based on acids were diluted

Concommm s (633 ENOs 570 N0 v . P, P, s Rl
by th dislled vatr For the amlgam clsrods stvsion souion of 2 M KCI (Pets

2505 The sk o s 110 TN TB wasprepared by ciion o e e
amaunt of:
in a efrigerator

foltemmetric_measurements sing compuir contolled. Eco-Tribo
Dloosoph (oo Tend b 1. o opped by FOLAR PRO s verden 5
Theso-lectradeseting was uisd ith HMDE m-ASAE, p-AUSAE (FeoTrend Pl s 10
Praha), and BDDE (Windsor Scienific Lid. Kingdom) as working electrodes.
AgiAsClaursied Kl urvad 38 3 referece and vu..m BlE & & seiy oo
(both Monokrystaly sro., Tumov). The measurements
empeaune (3 C) Ovygen whs rmove from e messred o oy Sobing v
niogen Gty clss 4 Lins,Prage, Cash Repulc) o $ minte, T st of
were measured using pH- janna 221 (Hanna Instruments, Inc., USA) and solutions of
T e prepred by aplying an ulssoie bath Banden Sonore (Schllee Gmbt,
Germany),

B DY el By O el G T s

Ad s . DPY ith peinize parmtrs was uedfor psicide delemiion vih
D of i wmkmg et Tt Kt f descion (L0D) eanireaton (100
respectively, w icd e e s (LOD) ad 1 s (LOG), repecindly, the

e et o e . oo upporing elecrlyie) divided by e o o
o eure. The parameters of calfraon curve (5, iop, inerepy were culiod
Lab Corporation, USA)




The p-ASSAE was polished using the polishing kit (Electrochemical Detectors, Tumov,

Coeh Repbl) ot ofpliting crlime sk, 03 peion Gurcle e

mm), ar ALO; powder (partcle size 03 mm). The m-AgSAE was

o u..m.m.. ' of the polished decrode in the liguid mercury or 15 8 aad by
»

shaking the pot with mercury. Before beginning of the work, as well as afl ause
longer han 1 hour for both modifcations of AGSAE the slciode surface was acivated in
the s o8 1 ML KCL by lpiing 00 Y e MIASKIRC] (o) it ¢
Sl g it T8 sepmaeion o s kol witios sl o
0 o e e e AT R B e T g e
ety o pes e o iy, SO e e st i St
water and anodically prereated by applying 2000 mV during 60 s in 1 M HNO, solution in
order to clean the electrode surface (get rid of any impurities) followed by the cathodic
pretreatment at ~2000 mV during 60 s (o atain predominance of hydrogen termination of
electrode surfuce, then the electrode surface was rinsed with deionized water and polished
mirsor-like character of surfuce was obtained. Finally,
20 cyclic voliammograms from ~1000 o +2000 mV in the solution of 1 M H.80, were
meastred to obiained stable response.

Results and discussion
Fandamenal vlammetic bhaviorof T8 o e working dlcrodes was s using
. The chained curvesaepresnied i Fig 2 I cbious hat his bsiide il cne
030 mY,
i n st i et b o FNDE. T ridto ptk of T s
+1500mY was rsarded sing BDDE: Thes signds wee rher sied in dependnce of
pHand scan rate using DC voltammetry. B-R bulTer of pH 2 and 001 M HNO, respectively,
s found 2. sulale supporting loctolye for T5 aralyss i cse of amlgam cocoden
as well as for BDDE. The diffusion as a controlling process of the observed clectrode
recions v determitd o th iner raning of dependnces f peak hfght on e
i rate. This result was proved also by the values of slopes of the appropriate
e dcpmdwms “This concusion was expeted for BDDE. In cae of AGSAES,

sensitivity of TB determination using tested solid electrodes cannot be increased by
adsorptive stripping voltammetry in contrast with HMDE.

1na)

0

o

w0 w0 a0 e
s 0 gy 150 —
.2l g of Y bl i el s (5 R il 12
Crtmtgsan = 510 * M, cngagsas M.




T o DY S e R ok T GG A
BDDE, ively. Parameters of this method were tested and the optimal values are
st wpter Experimenal, ncae o e amgam elecirode,condiions o the
surface regeneration wer d (00, The repeatability of measurements using various
B o g ot e oy e eom
Tolowed in Toble | The
sl i o RADI comapiid v, good s i of sioskomat T b
parameters obtained for each tested clectrode, iy
D, L0 e e sanded doaion et
are also summarized in Table 1. Calculated values of RSD(S) (-
i 8 e T St hals, e el st 8 ey
for TBin

L
Statistcal parameters of T8 determination using all tested electrodes
Flecirode Method DR TOD  10Q_ RSDy(I) RSDY)
surface [mm’]) [molL'] _ [molL") [molL']  [%) )
HMDE (073)  AGSY  2+10 15107 41<107 1310 3 2
m-ASSAE (039 DPV  1x107-1x10° 2910 98:10° 01 28
PASAEQ28)  DPV 26105610 434007 a0t 02 22
BDDE (707) DPV_ 210754107 12:107 39:007 o1 12

Conclusion
The voliammetric behavior of herbicide terbutryn on m-AgSAE and liquid mercury free p-
AgSAE, as well as on BDDE, was studied and the methods of its dﬂa‘mmmnn were
proposed in erve asa
10 for TB dtermisaicn bt b mification ofthe el lcorode dllow achievig
the sy ower it of deteion o compartson ith BDDE. The p-AGSAE soms o
be the most sensitive tested electrode which yields the lowes! values of LOD and LOQ an
concurently he widstLDR. Withregard o the o of working sufice of pAGSAS m
HMDE, the sensiivity of p-AgSAE for TB. dete aim
‘comparable with those declared for HMDE.
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Abstract
Peskof AR s o an m-AGSAER frm MT inalin . The bight ofhis pesk s
proportional to the MT concentration in range 37- 10 301 ng /ml and can be increased wi

Felasan 1 s sl wh Co I gt Bt ol BoBLS maponb -
1400 mV another, more positiv catalytic system s observed, when formation of ASMT is
allowed.

y words: Metallothionein, Brdicka reaction, Silver comples, Elimination Volammetry
PAAE

Uvod

Metalothioneiny (MT) jsou nizkomolekulimi proteiny s vysokym obsahem cysteinylovych
S0 & il st by b sl s & ble S ottty
oty ML) Gy oo iy dpacis (0o ki K
St it g e o gt rmm.
e Pomtios BB o oo b o
aplkact metody mulivartaiho rosiSent Kivek (MCR-ALS) sou  dobré shods s nms
metodami jako NMR & ESI-MS

Pro fadu praci vénujicich se studiu biologickych furkei metalothioneind jako homeostize,
prevence cxidunib e, detosiflace & shde vivy i Koo posted 1
izné zivotichy je dilezity celkovy obsah metalothioneind v jednotlivych tkanich. Byla jiz
rblhcnto g slomiah  admobchon et sl il wlioce
rickovy metody ** zalozené na katalyze vyvoje vodiku: v amoniakilnim roztoku se soli
Cofil),
Swbmé_poné amlgimors dkiody™" jsouv subaosi_ spkooy o 1o
anorgani organickych latek diky viastnostem podobnym rtutove elekirodé ale
podstatné vem said Pto o et s chovin vt metloianeng 1
€ pevné saigimoné ek & motaos 15100 g B0 A
Hologekseh extrakid

Experimentilni Sist
Cd-zn metalothionein byl ziskin od fy Sigma-Aldrich a Enzo Lifesciences, pro srovnini b
e ot T o o6 By S At s pos 3 et i Lo
Cys-The-Cys-Cys-Ala)




Bkttt 11 8.4 byl frven S s ot (Mer), e e 1
55 e G it s S s (s, ], Sl ko
el M amonny pul .51 MM CoNFMCH (SIGMA)

Biologické extrakiy byly pripravoviny z¢ 100 ma Iyofilizovangch jates laboratomich potkani
podle_ metodiky Hisparda et al, 2008 . Navizeny materil byl zhomogenizovin
(e v < ol e G e 130 a0 N L 16 a0 2
ain.2 100uM benzamidin —
(SIGNA) b niselne Climoin 74 G 1609 & 30 s 30 i 1.5 31 by
Gomtroring 15 e ST o st il st a -C prove 4
contfugace i £1C 10000 o dob 15 mint. Ziskany S2 bl claen s sl v 80
“C a2 do viastnin
Voltmentikd sanoven byl rovidén s poutii podittovsfzenh salyzitoru PC-ETP
(Polaro- Sensors, Praha, Ceskd republika) s soffwarem POLAR PRO S 1. a Multeichem 2.1
Pracovn clelrody byly HMIDE (rutové tskovd clekiroda fy Polaro Sensors) o stfbmi
amalgimova elekiroda ve fome m-AgSAE, pripravend a akivovans die price . Refetentni
lkuods byl AACUKCL pomcen dkrods Pk (Hkrchenic: ety
Codi. tepmlita). Mt bya providées i iborior tploté v uskors
st o i ol Pl i s Sy 145 By Seene L1 UR)

Vislediy

Pik redikce Ag MT

Roadit o volumerie 1 HMDE, ide jsou pamé redktn piky vmoleale M
4azn,je na m- AUSAE pe pik v oblast olem -

090'V Popsng pik st eduk Komplens AT, jak byl kivano volamei na
HMDE s pridavky Ag’ k roztoku Cd.ZnMT v polarograficke nadobee. Jak ukazuje obr. 1, ve
stcjné oblasti jako MT poskytuje pik Ag komplexu i fragment obsahujici pouze i cysteinove.
by

Pl Ag T ot s dbou akmulos (1) v ot Koo 38 300 g i

ziskinglinedmi _zivislost mezi  koncentraci  metalothioneinu pik
ECAC L35 e9%04) Wik Ml iy do e adgnﬂm postupu
viak ukizal znaéné snizeni odezvy i reprodukovatelnost vysledného ziznamu. Vzhledem

dosachat iivost sanovent  Fté ekl by byl Fefeim pouEi piokoncha
systému se stfdnim vzorku a gistého elekirolytu

Brdickova reakce na m- AgSAE

st sunoven e pro s vork in v 8 hivoany povch tového

g cmamech dohis e Borke ASNT 3 e ke s Col)

ik nn lktode reduke Coll) ke verk nového Ky proodu s ce 1,13

. Tojs e pd sl mile it o ol - ARSAE + borovi

puftu. (Obr. 2) K roud Ag-komplexu v amoniakdinim roztoku s Co(ll) skyta
ko i, e s




700 -900 -1100 1300

600 -800 -1000 1200
E/mv

Obr. I m-AGSAE. DPV 20m Vs, boratowy pu pH 8 4 Horn 0 03;M MT-fragment. Giténi

3051600 pk 05 250 mV 3051600 pak s 250 V. Dol MT Songnl, s 6 -

1800 mV, pak 1005 600mY nebo 3005600

Zaviy
Na mASSAE je pozorovin pik komplexu AGMT, ke Lz 448t skumulac pt vhodnérm
potencialu. Vyska piku linedme zivisela na koncentraci MT v roztoku v rozsahu 38-301

BB ek rostdt M amosiakilntho & 1 mM Gl e providt vidy

divovaném menisku. Pl delsich ziznamech s projevuje novy Katalyticky

systém quzny Stvorbou AMT, kery skita perspekiivu pro dalsi cilivé analytické
stanoveni.
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Reduction of FOX- i ied by Formation
of a Radical with Alternating Line-width Effect

L Simkout KarlLs, 5 Klime  and 7 Ltk
3 Heyrov Instnts of Pyl Cemistyof A Kvn,Dnlchkm‘n} cz1m2
3. Cost Repblc Emalt il koo o
s of Syl Chomin andChemicl Prysis,Facly of Chmic nd Fod
Technology, Slovak Universiy of Technaloy in Bratsava, Radinského . SK 813,37
Bratslava, Slovak Republic

Abstract
it st o O Sttt ey ke o it 1
cal 1 In aprotic solvent the irreversible four-elecron,

n o
e zwitterionic fomm of FOX-7 serves as a source of protons. The two-step reduction is
accompanied by an adsorption step in dependence on used solvent and material of clectrode.
The in s spactroeciochenical messremens revesed omaion of 8 inion il
termediate with alternating line-widih effect The intramolecular dynamic processes w
e by emprsars dependrt i ESR measurement

ot SO B B ot oot i, b
autoprotonation me:humsm eciodectochenisty, ESR. EPR, (amperaure dependence
ieting s

rodu
e tende o« rO)n chniclly Zz-dmnrmhavz»l diamine, was sty

nihesised by 1908 " prodct of n of
2 mmynmm.mvc o m.x un\c its sw“h:sn it et vhysm\ operias ave

widel y reviewed . F
reopie e cheprdiope it ey i iy
isanylbonane (R0 tho ot ety cumy ueo exlsive ', b i e
stimuli s much lower. B ety FOX.7 i vryspodfic n
atacive molesle even fom th point ofviw of jrea i ki
(o geminal nitro wroups it is one of the most interesting molecules with multiple redox
cmlns In addition o this,
ed by push-pull effect which allows tautomeric, mesomeric and acidobasic

part
ki

We have focused on the redox properties of s elecrochemical redox
bebaviou as been described s in poeibyle ool e e
from the solvent

Inprotc medi FOX. sty evr] Giferon st it v foundsad provd i the
previous work ° (Fig. 1), The hydrogen atoms participating anyhow in redox reactions
ot s oxcusively fom he mnlgnulﬂ ofihe subsirate. Due 0 the push-pull efect the
molecule of FOX-7 (

protons.



\

' u
Fig. 1. Structures of FOX-7 in aprotic solvents.

mechanism A e
ca oceu. n i 10 shed more gh o s "o o -slFedo” esom mechar, d
s e e oty
temperature) was realized

Experimental
The sample of FOX. vasusd s hned fom the Wboory of oraic syhess o te
Universiy o Prdbice. For antyial sxperiments 001 M siock soluion in DME
fretly prepued ey doy, and the dsque vohume was Gansered by 3 Hanilion

ictosyringe into the cell. Concentration of FOX-7 was 03-06 mM. As aprotc solvents,
econtle (AN, LEAIS Chromasolv®, 5999 +, Fluka), ¥A-dimeihlfomanide (OVIF
purified and dried by dnub\ed\smlnnm )l Syl (M0, <125 % F40.
Merck Seco Solv ®) w 0.1 M solution of worobor
(BuNBF.) or Vzrlbulylnmmnmum gl el Ui oy g e
Was deaerated by ar

R mnoned S s i .
A droppig merery. dcirode (DME) with 1 conrl s i
po R inim, 594 or sy abon watonsy sechate fme eu 1 oy
el s bining sy drop e (TMDE) s v ot s sliammersy
“The ausiliary electrode was made o a platnum wire orfoil and a saturated calomel lectrode
seprie fom spoie scluien by 3 st bise semed 0 the refce desvode
divided 10 mi cel and
oot At Lot ot P i XY ot

The in it Ui NIVESR spcrodtschenica mesarenents st room tempersrs

it s e sttl DS vty (BR 1CHO. e Sl 55K gt s
Tecorded b the EMX Xeband CW specromete (Bruke: Gemramy. The gvatues of he
rdial pecis e deicrmined it Mo exomal sndars. UV-visNIR. spocs
measured by Avantes spectrometers AvaSpec-2048x14-USB2. with the CCD detector and
AvaSpec NIRISG2.2 wihhe INGaAs deetraplin he AvaSf 75 st Both he
ESR and UV-vis-NIR spectrometers were linked o a HEKA potentiostat PG 390. Triggering
of Al insmets oy peckoned 5 46 foltn i e a0 KA
Hesoric, Germany). A spctolrochenicl st el itk % tree doarde amngement
Cdotng of e tosnd orng wecoos At b et st S 4 ¢ ot
Bk, i« it oo vind iver wire 3 a prowdorelience cetrode was usod

0 e 1. i e st monsont s A ¥ A
oottt

Special arrangement of the electrochemical cell (described by Rapta and Dunsch *) was used
for temperature dependent measurements. The cell was polarized in an amperostatic



2electrode mode A Pt mesh served as working elecrode and Pt wire as an
auxiliary/reference clectrode. A Heka PG28S (Lambrechi, Germany) potentiostat with
PotMaster v2x73 software package served for the potential and voliage control, The ESR
ety (Bruker 4103 STIS343) eqipped by Dewsr Ml and commesed 1 the ERAI1IVT
(Bruker, Germany) variable lemperature unit and connected 10 the liquid nitrogen
setup was . In s seup the i niogn s lcically vponed and niogen
‘apour ar hesed o the e mperur, Al SR spectr wes recoded i it using
i Xband ESR specrometet ENIX (Brker Gmary) i 100 Kz old modaion T
xpermental ESR spei, wor rcssd b the, Bk softare WinkPR as well s wsing
al program provided by A Rockenbauer

Results and discussions

‘The electrochemical reduction of FOX-7 in aprotic solvents proceeds in two reduction steps

with consumption of approximately 2 elecirons_In the first sep ineversible four-electron,

of one nitro group of FOX-T occurs, where one molecule i redut

ther four serve as ‘mechanism). Therefore

the current ofthe reduction wave R1 corresponds theoretically o 4/5 of electron per molecule

B 1) 1 1 s i o i oA i, G o

2)

o, ™

s e —

In AN and DMF the reduction mechanism is accompanied by an adsorpiion step (R0)
Flg ) I eswviour i, ) i ptn e th s whethe primary ps of e
reduction is strongly adsorbed. The appearance of the adsorption pl

b e s o o ke T o s s o 10 e e
form of FOX-7 which prevails in bulk both in AN and DME. Itis not observed at any other
used electrode materials.

R2 ? oo

b
) Typical cyc\uwlummemc curve of FOX-7 in AN on mercury electrode.
o B0 G maL by o of il polarographic limiting currents
o rotnn st 1 epesten s Etnton o FOKL TR T sl s
compared to SCE.



Thetepstaicn of iy V-~ NIR s ESR et provd * formation of two. it
whic

y V) an V1) Upon the reducton of
B i g s 3o . ThD o o e o 1 bl
formed radical intermediate (VI with an altemaiing line-width (AL) effect (Fig 3) as
aresult of intramolecalar dynamic processes in the timescale of X-band ESR spectroscopy

. 5. Experimental (lack ine) and smuated (rd lne)sper of e el sbserved upon
cnochemicalrducton of FOX.7 t 265 K withdetal iow o he st e

or betes understanding of ahsrved dynanic processes, he temperaue dpendent ESR

‘capable to distinguish the spin system parameters for different conformers (sits) in dynamic
chemical exchange including the corelation fime characterzing the rate of the observ
dynamics.

Conclusion
In apoic svent the lociochenial rducton of FOX-7 st by n stoprtsion

mechaism. I dependence onused slvent and mterial o ocking decrod th redoion
o gt T 2 BpAn T T g oAl aoe

e eheet s WS O Mimaics sbs thtes
radical with alternating line-width effect upon the second reduction step. By temperature
dependent ESR spectra the observed dynamics was described.
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Abstract
Sigrls provided by electrochemical oxidation of single siranding DNA on the surface of
"

G) are known for over forty years. The mechanism of oxidation of free A and G as well as
nieatie e, 46} Wl ot b s 0w Wt s bt o it
of purines in the DNA still remains unexplained. Ratiometry of A and G signals coul

e 10 or DNA sequence anlyss, i gl of A and G ovidatin obraincd rom inge-

sranded DNA adsorbed at the number of oxidized As
04 G n e e, O psiivry el gt there [ 3 claon e
encountered problems, which yet has o be addressed and explained before this method could

e applicd for DNA aalysis

Key words: DNA oxiduion, DNA sfuence anaysi, Blstoshenisty, yrolyic gnphie
electrod

4l ol ek e oty s e 1) Sl ool B

o, sy ohe & oo e prenctond echnky, p Kerh . vaeek

adsobovin 2 malého objeu mmm e povidino it ey, V. ednottbzconé
o

il o gl BGE Disleand (dsDVr\) Je st poey PGS laoiurion
s baem i e
arovnan o B e 4 popanye g dbvod, Senly edace v
DNA jsou mnohem Iépe vyvinuté u ssDNA nez u dsDNA, plestoze lokalizace plislusnych
primirmich oxidacnich mist ve slibeich dvoustoubovice v principu umozuje oxidaci obou
purinovych bazi i v dsDNA - Oxidcssdni () uain (G o poml everbl
elekirochemické procesy
Bty 78 T gl jidbios eloho O i gkl ke 407 Y et AslAROIM
& ot o iy V\Eguxwmm smérem na rinot it Ot mklosidd Dvrb o
potencidlech o 250 mV vysiich, nez oxidace odpovidajicich bazi * a virazni od
e oxidack o v SDNA (iz Obr: 1) Siadly oxidace DNA miseme
pozor e pi (od 2.7 do 1) lontova sila acetoveho nebo fostitového

pufru, " ossah od SO do'$ M nem v v a proadovo e A <,
kjch podminek je mozné pozorovat signily oxidace viech &yt bizi DNA . ale
il e ol g ol it iy gunmllu

Gterva A 8 G* by mila odpoviat zasiopenl tichio bisi ve Sudovansch

sevenich DNA. Roahodl e e prto gt kol j et pldpoklnd s, uké

jsou limitace této metody a jest a jak presné je mozné urit pomér zastoupen A
studovanych vzorcich ssDNA



Experimentil
Nt Jame provadel pomosi potenciosa Autalah (Metrh-Autolab, Holansko) a
icekrodovcha apoint Gracet lekrods PGE, refrencn clekreda: AgAGCYAM KCl
pomocna elektroda: platinovy drat). Jako elektrolyt byl pousity acetitovy puft s iontovou
silou 0d 0,05M do SM a pH od 4 do 6.
Méfeni vzort DN: Zastoupenim A o ikou: 2
20mgl

SN destilované
Vodé 4 nisledné sni_bylo provedeno_elektrochemi voltametri s vaucenym
Porirpmrd oy atente 200 o smpiteda 30 Y. veon roks 5 v,
méfeny potencial 0

ereni bnoven lepici piskou

Visledky a diskuze

Pokud byly provedeny dve nisledujici mefeni e sicinou elekirodou, pak piky A™ a G byly

phlonné s v i i, 2k wyplvi 3 v i s doll ke
i DN © jsmi

oxidaci viech purinovyeh bizi adsorbované na povichu_eleki
rozhodii pro vvhnﬂnucuvlm ot o k. e odporidh cdkuvzmu mmy
souvisejcimu s Protoze velikost akivnich ploch P

o e | mes ool b, oshodh e s vyt o
Ay

A

Obr. 1, SWV v 0.2M acetatovém pufru pH 5, vzorky oligonukleolidi s riznm zasiouper
Gaa

i séri mefeni deviti riznych oligonukleatidi vychizel pomer velikosti ploch
i g A1 o o i A 15 5 1156 amiroqunos okt Polod by o



lkirod siné et e o o, oo i ey oxdasdenio by 18
vetsi nez niboj vanikly oxidaci wuaninu. P o méfeni po pil
elektrodou byl pomér p ich 74 smodatnou odcsThon (U0
it pro stanoveni zastoupeni A a G
e vzorcich sSDNA. Pii pomérech pottu A/G v sekvenci 3  vice zadind naristat
chyba. Tato chyba je dina malou velikost piku G, ktery je ovliviovin Sumem. Vzhledem
X xbancchi s s o i o o Gl s s 1 st 8 4
intor sy doché ke mén smémice shvia poren ek plch 1 pord gt
bl o v oaporu s fedcheami i . Rovn ntkicrsckveone el syscmaicky
W58 e vyt poméry elkos loch, n bychom tekl pokcnih asoupent b Toks
mize byt dino viivem sekundarmich struktur (vsenck).

2o '
i .
£ .

L

1a

Bu

Pométpotu A v sekvercioNA

Geat 1, Zavilot o vlkos loch A" s G iy ot & K G v svens
SlaAh (ot § 3 i 5 5 Tty el Jhsod s socbont
odle i pimka vyanats st =

Zaver

yekouten  praxi Doposud nemie dotaek ot sbychom mll e oot i bt
struktur sSDNA %) na visledky této metody a jak a zda je mozné Emto vlivim
e xmu spolehlivost této metody v zavislosti na délce DNA zistivi
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Abstract
Vot bk o bt i Bl e (00 i g o
40 types of borondoed damond dletuds (BODE). commersal BODE and L made
Fon-iop imond (ALBDDE) Vatoss mebods ke sy
ey % oo St chnassy DOV it Ao st ol
V) were examined. 1t was found that LIN provides one oxidation peak using all of the
e yrating ol en s el ey o o audm media.
meers.
e ovimiasd and e low fi nldmc:nm 0 e e 4110
commercial boron~doped diamond electrode and 8 M, respecively, which represents
e Towet LOD s o o bro-daped damond locrods

Key words: Boron-doped diamond electrode, Sensors, Valiammery, Linuron
Introduction
Linuron (LIN, Fig 1) is a subsituted urea herbicide used to control newly emerging and

Germinaing rsees and read Jeafed weds. 1t may be sppied replan, pr-emérgenee
Pk emergtsn ool ing o epipment 1 jr Wbl o 106 o
er whe

srshouss s n suh clos 1 svbean, oo, com. b, ot e
s it s LN o 30 hebicid through th itrofphotosymhess
iy toxi m.,.md,.m,em..,\.,. EPA toxiciy clas 111 The clectrochemica
cl
2,
HyC.
N N cl
HCO

i 1. Structural formula oflinuron.

BODE conssponds it b concetof gren el chenisy. Bvon opeddicod o
Known 1o be a remarkable material due 1 its particularly atractive properties

chemical resistance, thermal conduciviy. optical transparency. high thermal Sy
stable background current . The common BDD films used in electroanalysis usually grow
on Si supports from dilute mixtures of a hydrocarbon gas (iypically methane) in hydrogen
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using one of several energy-assisted chemical vapor deposition methods °. This electrode
Sl s ol o Ve A i g ek i v
pesicdes, ¢ picloram ", methidation " or carbaryl * Also these electrodes were used for
it st e e i ol

The electrochemical properties of LM-BDDEs with different parameters and their
applicablit for he determination of LIN were studied in present paper.

Experimental
All chemicals used for preparation of the supparting electrolytes, standard solutions and other
sl 5l B A e (] e U b 6 (v

pared o lalin componentof 02 M NeOH (Lchen, B, Cosch Repblic and
ncidic companent conssin o 004 M HuPOs 004 M HBO and 004 M CF
ahams oy o ey The oo based on 1M, 0 5V1 a0 KINO, e
diluted from 65 % HNOs (Penta, Praha, Czech Republic). All solutions were prepared in
distilled water. 110> M stock solution of LIN was made by dissolution of the LIN powder
T 087 s Ak e s R 105 b i
ass flask in a refigerai

olammetic messrenenswer promed by compte ool Eco-Tibo Polarogaph

. Paba, Caxh AR s
Windows. Al were provided n a 3-lectrodes st up, where BDDE (7.07 )
Windr Seemie L1 Uries Kigtom o LV-BDE 49w Slovak Uty of
Technology in Bratislava, Slovak Republic) served as the working elecirode, saturated
silveriilver chloride as a reference and platinum wire as an auxiliary electrode (both
Monokrystaly, Tumov, Czech Republic) Each BDDE was anodically (3 V for 20 5) and
ooy 4V 0 M) et 0.3 M 150, Pem, Bk Cock Rele) w
gusieg o ek o tey surements
s G T it i L s e o s P12 g
nstument nt USA)

Fox Bition oS00SS st 4y M,
layer (CVD, Oxford Plasmal.ab

ol kSt ot e s e e in th uirsenic balh uig &
nanodiamond powder <10 am (CAS No_ 7782403, Sigma Aldrich). Tt
deposied 2 hous using doubl bias enhancd hot lament resctor HE CVD) A boen:

MB) tohe 0585

e 5 Ol i s et B A B st i ok D
sym. The deosion was peramod in te presare 000 P8 eporne 650 & 20,

Pasmal b 80y by using standard opbcl ihograpy and we ecing

volume rtio of 40 % NFLF inwater t0 49 % HF inwter). The electrode cip (10 + 3 mm?)
was clctically comnected by Ag polymer pase (CBI1S, DuPon) o the prited ciruit
board passivated by . Dupont)

C messrd butwen potenils rom ~S00mY 102200 m it of 100 s wasued

the study of the voltammerric behavior of LIN. DCV, with followed parameers initial
otensl () of ~500 mY. Tl potenal () of 1500V and scan rat () o1 1 v,
vasuilzd o sudingthe ot of s san i o he vlsmmeti response o LIN. DPY
was used pe gtttk el



supporting elecrolyte. DPV with optimized parameters (£ =400 m my, v=350
Vs - pule height 70 mV and pulse width 20 ms) was appied for LIN determination The
Tt o Geteton (LOD) wes caleulatd a3 e mes e siandard eviaton for th bank

soluion and dividd by he sope of the alibruion urve, The unness of calbrsion
s (s, slope, intercept) were calculated using Software OriginPro 9 (OriginLab
Corporaton, USAY

Results and discussion
The voltammetric_ behavior of LIN and optimization of method has been studied on
commercial BDDE. A choice of the suitable supporting electrlyte is a crucial sep in the
optimizing process of the voltammeic analysis. Using CV it was found that LIN provides
n msvrsbl oxaon e t bout +1 300 mY i iderang o p. No et gl
and th

e procescould b dtrved  chemicelyimeverle, B-R uffe of i 2 e
a supporting electrolyte because the highest oxidation response was observed in this

DCY. iich compond o he diffsomconlled et process The paramtersof
DIV wert aptonses i B fo LI doigtion st s mad et ey
ol or anlysis of model slutons comtaning LIN uingal esed LV-BDD sensers. Th.

xampl of LIN 'BDDE using DPY

S Fig 2A.

2200

1600

I[nA}

1000

400
600 200 1200 1500
ElmV]
Fig. 2. The concentraion dependence of LIN (DPV, cuss
sram (cun = 10410 *

0410~ 4.5<10°* M) (A) and
BDDE

CV and DPV were performed to characierize LM-BDDEs in the presence of
Fe(CNy)' /Fe(CNo)* as a redox probe. After that the voltammetric behavior of LIN was.
died using LNI-BDDES which Giored inthe prosedure of prepration th i of CH.He
(05 %, 1 %.2 %) n the gas miture, and in the boron-doping level (020 000 ppm BIC), At




third the cycle of eyelic voliammograms were measured the peak heights (1) and compared
el G0 e . T s sl o el [ N

.
g
z
g

B e ke fomiid g (LD, G wiabes il
deviations of repeated measurements (RSDy(11). rlative standard deviations of repeat
detrmimions for various cncenraion leves (RSDo(S) and it of detenton (LODY
were calculated and they are summarized in Table |

&
0
~0s%
CHk;
g
g% -1
~ CHum.
2%
£ CHuH,
ol
o 5000 10000 15000 20000

ppm (BC)
Fig. 3. The dependence bevween pak heights and boron-doping level or the LM-BDD

cal parameters of LIN voliammetrc determination obtained on LM-BDDES and on
Commesia BODE

CHJH; B [ppm] DR RSDL(IT) RSD5) 10D

2l Y] %) (0] ™)

W0 5108107 121 5010

15000 256107-2410* 108 533410%

% f T R AT 5T

2000 $107-16:00* 015 09 791x10"

i% R TR ) i EXETE

10000 254107-16:10" 117 06 28810

Commersial 1000 54107 12:10 084 EEEEaTTED
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Conclusion
‘The voltammetric behavior of herbicide LIN on commercial BDDE and on lab-made sensors
based ted. CV and

LM-BDDES in the presence of Fe(CNy)' /Fe{CNe)" as a redox probe. Optimized parameers
OfDPY wer sd o deteminaion o LN n BDDE s wel 1 cn LV-BDDIEs and i canbe
concluded, and

rocsin of et prpasng forth v ot bst lecrochonics roprtin
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At
T e . Bt ooyl o el S ooy, e

Teionstcto 1y o o Moot prdacon | i We

invesigaied Tho gafing eficeny of 4-itrophea incrosed wih e boron Iovls

(BIC rao Trom 0'0 20060 ppmy. The comtaled srafing of ivophenyldizonium was used
iocoiol the amunt o inmobilzd singe-standd DNA sads e suuce and fuhr
o Sl i 1t s 0 L Ul o The etd

gy o e s fr s inding of an amino-
\eminsed DNA piobe. DNA hybridizadon sign epends on he pros densiy which

The,
the desiun and control of doped diamond surface e
DNA hybridization assays

Key words: diamond _electrode, boron doping level, surface funciionalization,
electrochemical grafting, DNA hybridization

Introduction
Conductive diamond film has emerged as a possible candidate for an ideal platform material
for biosensors and biointefaces, s exceptional hardness, high chemical stability, excellent

Sy il . e sfcst, b o el BOD) Bl
pertcular interest owing to its superior electrochemicel properiies such as large workins
ol window in uyuemn solutions, low and stable background current and ,.gswmmb
e fouling " These propertes, in combination with its carbon nature, mak
bi

m.xenu P ecular enites. However,
slcrodes e dependent on 8 rnge o ctors s s dopant canentrion it
wm, e Gmond o, wioe vl e ko gty e (00,

sp* inclusions) and crystallographic o % The chemcal etnes o s grown

e e ikl B o i Hhoce i A astie

functionalization is required to provide the suitable reactive groups (e amino, thiol or

st ) B U Rt halen il of ol esirstinicd
has roved

functionalizaion using diazonium salts o be an effcient approach since it
rovites visolls Rnctioust, High sabily aid good Nexibily n egurds 1o telbred
Sibsttcnts’, The eggee of Surfre Ancionsision, can be convolld by varying the
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measurement condiions, namely. the grafting potential, the moifier concentration,the nature.
propertes of

Sufce einaion d dpin el of dopod diamond s affc the lsron proeries
(enray b anddeietion s width e sl ertos rspecively By

20 b iy sl G BDD. 50 osematic e cxpoing the
effect of boron Jevs on lsrockeninl gfing of sz s and
it g Sy b b e s s i w s e

iatay fos ning af the surace functondlization of B elecrodes based on he varaion
of their boron doping level. We investigated the effect of the boron doping level on the
clectrochemical grafting of aryldiazonium salt, the related density of immobilized single-
siranded DNA capture probes and the influence on the yield of complemenary DNA
hybridization

Experimental
Electrochemicsl measurements were performed in a single compartment glass cell using
ALY POSIAR JON (e Jiih Y, Toa Nebwliost psions
controlled by NOVA 1,10 sof standard three-clectrode system was set up with
naCis M KO 1 the ‘e slocrade P e 4 he auclary elecnode,
rspetively. Bare BDD (vith o consant geometic sea of 0.3 ) nd medifiet BDD
St wis e b o e (3 i 20000 ) s
ety led 5 i

‘aitophenyisonum terfluchorte s prepared accoding o the known procete
St acid poassium chioide and phospate buffer (PB, pH 14) vers wed 5
supporting electrolytes. Succinic acid and 1,1'-carbonyldiimidazole (CDI, activator) were
bougt fiom Signa-Aldieh (Sheim, Gomary) DNA_olgonuleoids wilh an
. p ahyp of $16 RNA
e ptasedfrom RIS | Germany) T
il Sranded DNA (NH&sDNA: S1 captte probe vas $-GT CAA TGA GCA AAG
STATIAACTTTA CTC COTICG AXCITTERTE NG (6 md e gt
target swnd fully  complem o
4rchco,«amAocmcnAmnunccnmcrcnrmc; The wigsmacoides
were dissolved in PB (pH 7 4) and kept froze

the respective bare or moified BDID electrodes were sequenially pretrated by
S s o St i i i o i i me
rinsing with ulrapure water, and finally blown dry using argon gas. Afterwards
ochemical cleaning of bare BDD electrodes was pecformed by applying +2.5 V during
180 0.5 M H:SOx. Following this step, bare BDD electrodes were cathodically pretrested
by gl 2 diog 00 & bk g o o Al dctd
cular solution in cel by purging with
e gl il i gl oy e
Comeraon of atached sibsinnts wer invesigaied wang. ey volammeny (CV)
Differential pulse voliammetry (DPV) with pulse height of 50 mV. pulse time of 50 ms and
scan rate of 10 mV/s was employed for the DNA hybridization assay

For the DNA probe (81 mmobizaon, the cutborylmodified BDD dectrdes wers
immersed in 10 mM PB (o1 250, and 1 M D!




I R OTTCOBITl GNE Gerdsy  CWEAT 0 SN,
clectrodes were rinsed with the same buffer solution (excluding DN;
ooty o XA The S T clcots e s e (S ICOOR DD,
the hybridization $1/COOH-BDD elecirodes were incubated in the same buffer solution
containing 1 M target ferrocene labelled DNA (S2) for 1 b at 37 °C. Aflerwards the
ind denoted

Results and Discussion
Ageneral

urther appli displayed in Scheme |

B W ;.,.v

m Crwoow o

for ©)

Scheme 1. Schematic diagram of the preparation of different surface functionalized BDD.

electrodes with various boron doping levels for assessment of DNA hybridization efficiency

) COOH-BDD electrodes, B) DNA probe modified BDD electrodes (S1/COOH-BDD), C)
DNA

4-Nitrophenyldiazonium tetrafluoroborate in 0.1 M H:SO, was reduced at BDD electrodes by
means of CV. Fig. | displays the cathodic peaks in the first scan atributed 1o the clectro-
chemical grafting of 4-nitropheny] groups. In consecutive scans the reduction currents



docsie rmrably du 1o the icressing sutae pasivaion of BDD. dlciotes by
il diphent can be supposed thit

en adias eact with BDD. sufces nder Fomaon o C-C. bonds Wher
g esciusion 0 b 0 il ek 4 MBS T i il
ey Wi doping Jor, The fng of charge transfer with increasing bor
doping level results in an |mpm\'¢d et of Lasrophenys meletes o e DD

increase in Toeulue the
electrochemical blocking w\vper\lu of the gafed 4riopheny_ grows, CVs of BDI
lstodes before and shr arfing of -aitopheny] srows ecord
[Fe(CNI)™" in 0.1 M KC (no shown). BDD scirodes xhiot wel defned peaks with a

sgnifan inprovenen of the i gyl ig s e e
electrochemical wrafing a rapid decay of the peak currents appears indicating
Suppesion o the lectvon tranfe o the redox couple. Tris conms the qun:gm‘\ms
of ‘ntopheay] fncionaiics exating an ofcnt barner 10 th. redan_ couple
‘approaching the BDD electrode surface
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ecrades it dffen oo doog e

The BDD wrucedsthered ditopheny! funclonalies wer comerted to daminopheny
in 0.1 MKCI

i At ek poin and s s oberved ot ll BDE:secnudes (ot
shown), represening the electrochemical reduction of d-nitrophenyl to d-aminophenyl. The

Yk s o ity el 500 vt e e s g 0 e 1% < o
pig e, This s ingcorance vith the Jreviusly menioned sl chrgsconmmed
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iy, mulsied st TS oppotel 0 S e o G dnctronatc
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odermicly proconaid wile the #irophen mdifed BDD sufice possciscs o prially
negative charge from its resonance structure. This results in an clectrostatc ttraction or
i tivel couple. The reaction




with succinic acid in the presence of the activator CDI leads to the formation of amide bonds
i teminaid (nosly actvted) carbony! groups t the s, Tho caiboryic moies

rostaic repulsion for the redox probe which hampers its diffusion 1o the
bioiedme i

After modification with succinic acid we obiained at least partally CDI-sctivated carboxyl

amino-terminated ssDNA probes. DNA target molccules were modified with Fe Iabels
allowing the detection of the hybridization process by DPV. Since the amount of tethered 4~
nitropheny! functionalites at the surface increases with the boron doping level,the amount of
fiee carhoxylic groups and therefore sSDNA strands increases as well. At low DNA probe
coverage electrostatic repulsion betuween neighboring DNA strands is minimal and therefore
the hybridization effciency is maximum. However, the Fe oxidation signal is then limited by
the low amount of DNA at the surface. With increasing DNA probe coverage the.
ybridization yield and therefore the Fe signal increases as well, This is observed for boron

e
level, probe DNA coverage and by this the charge density at the surface becomes too high,
Ieuing o kg Gcres 1 th yorRenion ey o a5
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mvemgx’lwﬂ of the effec dering vl o the cectochnical gt of
aryldiaz ency increases with

emias bora o e incrase of te specific on.
ducivity. Amino functionalites inudued by gafing of nio groups and Subsequent
lcochenial eduion wers e conrol he covergeof inmabiized DNA prbes s

rved  dependence of the ybrdiaton 1l an th boron dopin leve
e e s AR S e Sttt o S e et B

surfaces, which led consequently (o a_d
nynnmmm pae "G s caire gl il T modticutom AL
covalnt grahing on ininacally et famond srfaces ot s llows i tning of the
e properics. Taken int consdaion th reslls achieed i s stdy, 1 propos
protacal paves new ways to diamond-based biosensors
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Zopiclone and Identi idation Products
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Zapilone i o nonbenasdisapine horacing hypmc dug. As o ydlopyoons
detvliv, e o ol el st il Iy sl il o el
hypnoics. In present work, clectrochemical behaviour of zopiclone was investigated using
Crcic valammay, dfenil i vohammety, ifforndl e adsomion Sepping
voltammetry and square wave voliammery. Oxidation products of zopiclone formed duri
controled potential electrolysis were analysed using mass spectrometry in off-ine as well as

Two main oxidation pr as N-desmethyl zopiclone and
zopiclone N-ovide,

Key word: lone, oxidation, voltammetry,

Ovod
Zopikion (ZOP, Obr. 1) je nebenzodiazepinové hypnotické 16tivo z tidy cyklopymoloni
wrtené ke kritkodobé 166b& nespavosti. Pisobi jako sedativum, anxiolytikum, zpisobuje
uvolnéni svall & ma anestetické a antikonvulzivai utinky. ZOP je chirdlni 1&tivo podivané
ko racemicks sné, i famkoogesskiviaje plipsin Hownd (25200
cnntionery i se mzivd caoplon ! "% Bylo isieno, 2 famakokinetika ZOP je

reoseekivi po orlnim At ZOP jo metboizovin i bitrusfomac nzyty
vochromu P450. Konkéné. cneymen CYBSAS. Procuky b jsou N-
piariidtpe gt iy et Bt o B
Castetne aktivai take enzym CYP2CS (it

Obr. 1. Struktum vzoree zopiklonu

Elekirochenmickou redukci ZOP studoval J. C. Viré a kol * K analyze poutili metody DC
polarografi, cyklickou a diferencné pulzni whmn:m\axqume wave polarografi. Yilmaz *

ST ol s ol e gt sy st sypes vt
Zomhis el sl ol tele i1V o
Robinsonovych pufiech. Potencidl i i e ménil  aciduou kot Dile by
rokizan adsorpen chrakir proudove odeivy. . 2idné  dosud vetninion st viok



icbyly popsiny produkty elekirochemickich reakei zopiklonu. Identifikace  produkii
‘anodicke oxidace zopiklonu jecilem této price.

Experimentilni
ereit v (CV), ifetentnt pulzn voliametric (DPY), diferentnd pulzn adsorpini
rozpousteci 2 square ke studiu
Ssmctenlbi duiell 20°, syl o plal vl PGSTAT I
s pracovni iného uf renini asycenou

S 1 R B S s kley\rm "Uyla smis menanole
a Brittonove-Robinsonova puliu o rizngch hodnotach pH (1:1,

AR B ik i ZOP 3 e amills oo
experi ikowt ekttt Gy 3 clagnin
e L e A o sl eyl St
Trap,

Visledky a diskuse
Cyklicky voltamogram zopiklom (Obr. 20) poskytuje jeding anodicky proudovy signil

V opaéném sménu polarizace ZOP nevykazuje Zdnou proudovou odezvu, co svedE o

20) s objevuje
IO ey ekl oot i g G, ks o b el
s daltoy ami v rozsahu 10 — 900 mVs s hodnotou smémice regresni

iy 556 o s e i Reon 8 Sottnd viwrEn v 207 ot poeh
Seknody

Obr. 2. Cykicky eanogram (@) a diferenéné puni liamogam (0 zopikonu
(6= 510" mol), Britoniy-Robinsoniv puff pH 4.7 — methano (1-1, vv).

Oxidace ZOP zavisi na acidité zdkladniho elekirolytu. S rostoucim pH prostiedi se potencial
piku posouval k negativagisim hodnotim v oblasti pH 1,7 - 6,0 se smérnici 77 mV/pH.

» pH je pomér p
clektroni H /¢’ = 1.3. V neutrélni a alkalicke oblasti byl posun potencidlu zanedbatelny.
Prisecik. regresnich pfimek obou linedmich tsekil v hodnot® pH 6.2 odpovida zdinlive
disociatni Konstantz ZOP. Hodnota pK, zopiklonu 6,79 je uvidéna v itratute

Konoeninéni svios. 20P bya méfns meodoy DPAJSY. My detice ypotiend
= permenrgeesn Kallrn phimky el hodnon 3.2 ol



Ansijzs sandar Z0P hcnosin, spekiometey (Obr. 38) ukizala pik protoizovand
molekuly s hodnotou 'z 389. lzol sgmentaci tohoto iontu (Obr. 3b) bylo ziskino.
fragmentacni spmmm sionty mz 345, 263 a 245. Toto spekium odpovidi. spekiru
uvidénému v literatufe

— . b
- i
: i
i s
L, |

Obr. 3. Hmomosti_spektrum ZOP (¢ = 5 10° mol) (o). fragmentaén. spektrum
izolovaného iontu miz 389 (b)

MS analjzou
len it prachisPLs meleloboi oo o ey klery byl identiikovan

s Nesesisionnt g it Ikl olumoguit stpmtell v culies
spojeni _elektrochemické  pritokové cely a_hmotnostniho spektrometru byl

D lnikovin i o 75 ok omem D, e 405, g -

‘oxid. Fragmentadni spekisa obou produlktl jsou na obrizku 4a,respektive 4b.

1] 0o

Obr. 4. Fragmentatni spektrum N-demethylovaného zopiklonu (2), N-oxidu zopiklonu (5)

T i
St el i ey dichin L.

ko analfson produkis clokroshemcké evidce seikions yly nleseny d
periey roduky, N.demethlovans zoikion 3 sopklon. N-aid Visedky 16t price
dokumentji podabnost mezi lekirochemickau oxidaci a in vitro oxidaci zopiklonu enzymy
cytochromu P450.
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Abstract
The method of voltammetric determination of hindered phenolic antioxidant using linear
] vl ikl g i s demigel, DTl ppinig
lsrolyts were s for the development o this The developed method
s upose for deteminsin of it A s A hna)

i medprpe e g e
meiho developed has cnabled the determinsion of atoxidants i model and ral samples
with saisfactory results and good prospects for practical anlysis

Key words;

niioxidant Oil, Voltammetry, Gold disc electrode.

Uvod
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¢ koot sk g Bt i o e i g U ¥jc
pofizovaci en ech. Cast ity
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popirtan sl pfrtiodo ity mdwnp aditiva, tzv. antioxidanty.
Antioxidacni icinek vyplyva ze specificke struktury téchio ltek
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piku na koncentraci a pr metoda LSV. Problém

piky byl
o

iprave. V tabulce 1 st LoDa

Vit hodwmv meze detekce (LOD) a meze stanovitelnosti (LOQ) pi stanoveni MBP za

pousit rizn
0D '] TO0 gt
LSV 313
swy Son 30,14
DRV 546 1819

26 nejnizsi hodnoty byly ziskiny privé pro LSV.
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b . Kiky ancdickd odace MBP sané pnce ey volameiieych e
Exp. pod: zikladai elkurolyt 0,05 mol I HSO,, ethanol o 1 mi tolueny; konceniatni
ol D od 1524 b do 105,34 . hion i poneti 40 57
+04 V., Eq: 413 V. (@) SWV (b) DPV (c) LSV (d) stejné jako (c), ale po odecteni Kiivky
zikladniho elektrolyt.
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hodnoty se 5% Smérodatna odehylka byla 0,643 yg mi™
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Tabulka I1.

VysLEDEY RO OLEIE

Relativnl
R Stnovovino  Stanoveno  Chyba stanoveni _smérodatni
fake'] Ieke') [©] odehylka

%]

W55 2 0.195

a4 4578 a3 0231

4400 52 0178

07117 =8 .
0.10% 077 0157 7 0025
0733 44 0015

Ziabulky nijak virazmé nelisi experimentiin ziskané vysledky od
dekirovanyeh koacerrst  modelovioh aoedch

Zver
o rcs bl vz expetimenin ofskoens mtoda o sanoven fnlického
LmNOL). Z
antioxidantu MBP i

ehanlu a oluem za piomnos 0,05 mol " SOy vt ssté indtal cekrady &
metody LSV, kierd je pro analyzované koncentrace dostatetnd cilvi. Metodu Lze aplikovat

e i g e
hancle

Podékovi
Tato price vanikl s podporou projeka Ministrsva Skolsti, mlideze a @lovichovy CR
51001300021 “Posilent excelennich tymi vizkumu  viveje na Universite

wdnick L. R Lubricant additives - chemistry and application. Taylor and Francis Giroup.
Florida (USA) 2009

Straka B. Motorove oleje a tibotechnicki diagnostika naftovich motori. Nakladatelsvi
ey aspi.Prav 1985

3 Mukhopadhyay A K. Antiosidants — Natural and synthetic. Amani Intemational
Publishers. Klel (Cemanyy 00
4. Goulart L. A, Teixeira A. R L., Ramatho D. A., Terezo A. L, Castitho M.: Fuel 115, 126

(014).
5. Caramit R_P. Freitas A, G. A, Souza ). B. G, Araujo T. A, Viana L. H, Trindade M. A
G. Fereira VS, Fuel 105,306 (2013)
Tormin T. F., Gimenes D. T., Richter E. M, Munos R. A. A Talanta 85, 1274 (2011),
AraujoT A Barbosa A M.J, Viana L H., Ferrira V. S - Fuel 90, 707 (2010).
Tomiskovi M., Chylkov 1. Navrail T. Seledovski R Energy and Fuels 28, 4731
(2014),
Tomiskovi M. Chylkov J, Jehlicka V., Navritil T, Svancara 1, Selesovski R - Fuel
123,107 2014)




Capitlary
i

Peir Tima * and Jan Gojda
* Chais Usiversiy in Prgus, Tid Eacly of Mediin, it f Biohemisty, Cll and
R 7. e 0,
" E-mail: petr uma @If3.
* Centrfor researchon diabes, melbotis nd muion: 224 ItenalDepariment of Third
iy o Ml Bl Kol Vidlnd Gl vty
e, Srobarova 50, 100 34 Prague 10, Czech Republic

Hydmdynumm oyl g g gt sl old aplly
amino aci
vkt it ol s e
acids (BCAAS) valine, isoleucine, and leucine in human blood plasma is completed by
St dlsiopioest (C5) W wios sy o i ool
Dot sty 12 M sl it | PH 20. The achieved
e 1 3 e g Sl A s S ot £ 14 o, Bl
1 intensity of 096 kVicn and Simulancous spplcaion of & hydrodynamic presure of
50 mbar. I followed from the performed tests that the plasmac levels of BCAAS atain a
maximum 60 minutes after ntravenous application of an infusion of BCAA:

Key words:Brnche<hinsin s, Capily lsrophores, Cotclss condcivity
detection, Pressure assisted capillary electrophoresi

vod
Sutiaolfie s i pokimile Tk G, Sk wion sl Wi
valin (V) isoleucin (Ile) a leucin (Lew), se fadi mezi 9 pro clovika esencidlnich
proteinogennich aminokysein, BCAAS jsou zasoupeny ejmént v proteinech kostemiho

encidlnich AAs. Vedle siuktudlni funkce maji volng

ool meito Biobind s A iy et A s g
rekonvalescence po vikonu Obdobné je suplementace BCAA v Klinické praxi wivina u
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vysokeh
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separace na kritke separacoi drize laboratorne sestavend
zafizeni s kritkymi apilirami 7 zmimou z komerEnich
prstroji
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et oand ot

Experimentilni Sist
Velkei clokiooreicks mifni bya provedens na lokiofretickén pfisi HP°CE
sysém (Agilnt Tec ecelogis, Waldoon Geiary)vsbeversm beckorabai v
st (C'D), ir . sbudovin o slekoforetio kaety  imodtovin 1a 25°
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e S1 e ek k . 147 b e e 35 i o i 36 o i
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doby separace v CE e pot s diby

nzitu ok
b vkovin do o bktho konc, viidhen o ek 4l knmlnry 147 om
X sty o 5% Yl 08 sl sl i pieie Za tichi
otk et fny BCAR o s i e klom 500000 '
etent el pins VALl 142 Dalsn brkem pro. et mgatnbe fa Jo
el gl o il st aid s bttt s
aln e m se podailo
zkmﬂ migracn Cas o dalSch 16% a2 na cca 120 5. Potet teoreickych patr se mimé szl na
& rozisent krtckeho par Valle je 114 Tlak sk v kapilréch s malym i
“mant nephapi . dodatobnins g ins 2 versparshekl yonib ot
o popsorngho v e Neie 3ibindopakovsnot migntiivocu pr dset b




s a0 15 130 15 115 100 15 10 13
Migraéni Eas (s)

O 1. CE ey vty tenim posmin ez

R i T30 YLD oo 30 v s ok 35 b sty

Vi

Tabulka 1.
Stowmint miginiho Ca, sepuén (s, e, viky gl 1o Kisickou CE
ke sy CE sepuat modelovh vorky sminskyslin o kaneatsi 10 WM.

i 130 kY
Val e Leu
137302) 140302 134301
s an a3y
2o 2,14 (lelLew) 1.8 (LewSer)
Vg my 013 000 0.10(0.00) 0.09(0.00)
Seprscs Hen B s o e 1 e
©02) 8(02) 124002)
4546)
114 (Vabtie) 1,69 llerLeu) 1.45 (LewSer)
©00) 0090.00) 008 0.00)
Kalibrace
M 52100 100
WVs M 8700 So0 950.1)
113(59) 480.4) 096.9)
9996 09999 !
04 04 04

Vedle zkriceni migradniho Sasu byl tak pousit pro vytlageni 26ny acetonitsilu 2 kapiliry '
Cox Tk sl ACN o vt md iy ot Ay v s
efektu " 8 ziroven se ACN uplathuje pii deproteinizaci krevni pl evodiva 26na ACN
o eolreickém yycstovinifon plsci ko nadbyietny iy
zkapiliry dlakovym impulsem, zpisobuie i) pi clektroforetické scparace nebo i)
ckdrictho proud v pribths scprac. Toi koisnlse proovi sptaim basciny
©D, které zdinlive i iy migih ik jo pumé ra nikierich pum,m...ym
clektroferogramech  soutasné pisobici s clectrodriven separati
e S el < & o) sy ot et ik £ vyt
N 7 sony vroku, iy by niledn prepnut na K sloutii kuycen pohyb
i v




AAs

Migracni ¢as (s)
D pii vytlaceni 2

D
B iato AN s roven ok 50 b o 65

Plasmatické hladiny BCAA rychle naristaj a dosahuji svého maxima v Gase 60
M oo s Mysila, skl Jiomiiod o 103 bt it
y poronind bl pro lle o Lew, 8 8.3 ko v v pipad Vo, Po dosten masima

s buskni badiny dosahe po, vice ned 130 min. Varlst
phsmnnck: Bty BCAA it iplarorat sy Togula g vid e
© ol el siins s 5 -tk 15 i o el DA s
postupne es

g At/
‘3‘ T / i =
g -
i 5577 ol i)
%@ }\ {_\.:‘
i
B 250
. ~~e—
. S

ED
Daba vzorkovini (min)
Jadin BC. zni apikace

BCAA, Val (), le (), Leu (#),inzulin (&),

m " Schlé moniorovial BCAAS v krvni e v voliieh souborech zork, Iz

echem pourit metodiku CE-C'D. Pii CE. separaci, provadéné v kritké kapilite pii
ysokjc intenitch lekického poe, e potet eorickjeh pask pro BCAAS pobyine
Kolem 500000 pater/m. Uplné separace BCAAs je mozné docilt za cea 2 min pi soucasné
aplikaci hydrodynamického tlaku, Kter§ nema vyrazng vliv na snizeni separaéni icinnost
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Nave vkombinas suniveii C'D nenl potete v UVVis nesbaothiid. BCANS

derivatizovat, naopak je lze delegovat pfimo vjeich nativni forme

ko Tosconrtn Wade- Z rovelrk Hiihe. e vy, 5o

plasmatické hladiny BCAAs dosahui svého maxima 60 min po intravendzni aplikaci infuze
As.
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Use of Reversibly Deposited Mediator Metal for Preparation of Metal-Film Electrodes
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Abstract
A new approach for preparation of metal-film electrodes utlizing the combination of ex sif
andlor i s g methods 1 he s f reversily deosed mciatr s presned By
it i i e o o gy cuke sk e WAL S sl

followed by the subsequent oxidation of zinc and further deposition of partcular metal, &

detction of Ni(Il) at lead-ilm electrode with the aid of AJSV' and Sn(1V) at bismuth-film
electrode using SWASV

Key wards: Eletodeposon, Medisr,Zin, Lsis i elstrods, Bt fim setode,
fasy carbon electrode.

Introduct

Frpet coung ofth bsae withmeal paricles s 8 aial st i repcaton f el

flm ecoude havin the rsiestimpat o e syl peformnce. Ceorly, here
S

T e e e . ke pling xnlmmn ekl
Soctil I G im0 o ol it o . sl doing 1
s ol ot s i s o e s o T e

thind technique is based
i i e i e b e
reduetion to metal also i the course of anayte preconcenration.

Racntly. st g for pepretion of et setodes uling the combinion
of ex s andos in it plating methods and the use of reversibly deposited mediator was
presented *. Metal-film electrodes were prepared using an electrochemical, defect-mediated.
Sl gt iniod 4 Using such approach, ¢ el of e e 6 B s
deposi
it W e oo 5 b Vot e ot o
necssry carctersic ofhe meditor i that st b s nble han te mtl of et

e

therefore zinc was Rec
st & ety el s D b ety o
propetie of s sl ot i setdes FhrEn Howboe e gty of e

Pores mepured the mediator metal was demonsirated on the adsorptive
o et S b Aty

In this contribution, the application of newly developed electrodeposition technique was

1t was found
5t repiatin 5o 1ad i, ormod 6 4 ith e O ik mediaor, oo 8 {n e
promotes the growth of tiny lead erystalies and further increases the coverage of electrode.
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surface, which leads to improved anlytical performance of the POFE *. Zine mediator was
sl erpope for st prpaation f st lcrods, wichwas then wilzed o
i det the aid of SWASY

o

Experimental
e

e b was prcpare fom CHLCOOH and MO (e, Stk o sltons of
S, SV, N, By i concnmaton o 5.1 obtained fiom

1 o ion wre. repae iy by o of he Sk ehsion h 01 M HNGY.

01M nixime vas prepard by isluionofregent (Sgma-Alddc) i 02 M NSO, Al

the ahrchemiswure of g gradeand wers cisined rom Sign-Aldich. Crifid
Tefrence materals TVIRAIN.9% (st wter) and SLEW'3 (estarne )

from Naional Research Counl (Canady A1 soluions wer e e waseot

resistivity higher than 18.2 MO em (Millipore, UK).

Voliammeic messurements were performed using jAutolab anslyzer (Eco Chemrie, The
Nelerands, A re-eciodsstp s e, cosising oy cabon s ()
AWALCI G MKC) d pl
i s St s s i e ks 5 e e o 505
alumina slurrics on Buehler polishing pad with subsequent washing and soicaton for 2 min.

Water slmv]es were mineralized using UV-digester (Mineral, Poland) for 3 h. 10 uL of 30 %

H:0: was aidd f0 cach 10 mL f e sample 1o sped up the process. Atmic foee
icroscapy (AEM) measurcments were. paformed. wng NanoSeape Il rsrument 4nd
NanoScope verson 512 software (Digial Instuments, USA) togeher with WSXM 40
Develop 8.0 June 2005 software (Nanoec Elctronica S L. Spain) for daa acquiston and
analysi

e ex s elecuodeposited lead-fily eectode was prepred from a solution contining
01 M acette buler GH $6) 710 mol | PR and 510 mel L Za1) Poenial

the working electrode was st to 1.4 V for 45 s and then to —0.75 V for 30 s under siring
s e o Dt s pel s e i of B Gty
s rvenily depotd mdiaor) wee deosted simluncouly o th auce of
slassy carbon electrode. In the second step, Zn was stipped off the electrode, whereas Pb
comtined o deposi. The reiling x s lut.fim o s e o i
transferred into a solution containing 0.2 M ammonia buffer (pH 9.0), 0.25 M NaNO.
Tl Lo 10 ml . e, et oottt of ekl om
Solution pH was adjusted 1o 82 with addition of NH,OH o LSO, 3
a potential sequence was applied (0 the working clectrode: ~1.45 V for 20 5 and -0.67 V for
120's. During the first step,the lead film was further deposited. In the next stage, the Ni(l)-
nioxime compleswas sscumulted onthe et st Afr $  eplbrin i, the
e wave volmmygam was recorded betwen D67 and =10 V vith 8 fsqueny of

i s anpiude OF 50 1. All volamemeete mesoutements wer eaied out 1 o
bty

1y detection

s it o iy sty dopded o e e s M s
uton, contining 0.1 M actate buffer (pH 4.), 04 mmol L * Bl
St 35 it 1 e skt th xmpnin g and STV b e pproptie
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comentaion, ot o of 1.2V o 90+ Then, the potnil o035 ¥ was apled o

rface and Bi
and o sl cominued to depost. Afer 15 5 o cqulibration fim wilhout Sing, squarc-
Wave voltammograms were recorded in the range from 085 (o -0.35 V. Before each

measurement, the electrode was cleaned by applying 0.7 V for 50 s with solution string i

frequency of 15 Hz, amplitude of 40 mV and step potential of 5 mV. In the case of the
s fim lecrde prepard withot use of the e, Z(l) fors wer ot acded 1o
e spporing syt

Ressls and dcassion
Oompicon i i M i i Bl o it S0, bl
ared wih and without h s of modita s withsovcquet n it o plating ot
e for test concentration of 510" mol L' Ni(ID). After baseline correction of
comesponding adsorptive stripping voltammograms, all electrodes exhibited similar
ectrochemical behavior with respect 1o the position of stripping peak for Ni(l]) at 084 V
Wellefned and shar ek vasrcrdeduing the POFE prpued wihhe uie of mdior
Jin i canirt o he roader and e analyica signal Gbaned ¢ FOFE ithow 15 of
mediator. The use of mediator in preplating step resulted in about w«unmmm u’Nl(ﬂ)
signal In the case of in i plated POFE, 1o signal was observed
e ioms, whichcorespondh o h Hersure oS Coreopiizshon of expesmetl
condions clded pE 1 conomwion of ZuT) i prepting slsion, conontin of
fons in sample solution, potential and time of simultaneous deposition of both metals as
el i otdudon od e Geposiion af ad Th resling read i cxhbited much
Hhigher surface coverage of 9744 % comparing o the value 4945 % obtined
i ottt m of e s (. . o Tt e sagion ot
NSl i isrin it snsmqualy povidse » dgont efltesnin o e
voltammetic respons

Anlytcal performance of the proposed lead-film clectrode for Ni(ll) determination was.
ascetaned after esimation of optimal conditons in AdSV detetion siep. Linar response

e b e spmesaion g . 110 gp o IO mol L ' Ni(h) using
‘accumulation time of 120's the dependence obeyed equation y 0125, where y and
e e etk cument (1) ot o) soveennion (ol L i rnpedwe\y The et

ol L ot scsamiaio e of 120+ Repesive mummnmuofi/m mul L qu)
at the developed PYFE provided good repeatability with RSD 38
o s s e et o SODR Sasos o S o c‘.(m
) MY nor 1004ldexcensof CV) and Cot) affciedthe volummotic sl
T2 . Aditon o 1 mg L T X1 st 1o s s ke
o daiand s g o Nl(lly Sepping pek 10 20 % of 15 riginal vale. POFE
tespied it e me of el et i © oo of PO b i el
Ketrence materils SLEW-3 (csuarinc water) nd TMRAINSS (rin waer) Oba
NG S ot o A Wl e “he usabilty of
oposed loardesfo dtemiationof N n atural waer sample




o o7 oos o5 1
e v Ay

g AT g o et e i il o S 4
he v of & rverly deposied medinor v and aflr s pling with lend

i SWAISY of 013 ol LT X OFE prepored i mediator and

it ok B 1 e o oy oo o o Wi . Som o,

o PFE case of bismuth-film i

B4 s oo vl et i Ciens ¢ i pimpoloy of Hith
anet AFM chservatons

when th

(i 2) Resling $aV) sitping sinls cxbied s st o0 i
mediator was a ol ing to enbanced electrochemical detection of
e s e e SR o sl K
large influence on both mediated process of bismath film formation at ulassy carbon surface
and the analyte accumulation. As it is clearly seen at Fig. 2, electrodeposiion from 0.1 M
Nabr provided sharp and ntensive voliammetic response of i in the prsence of caffic
acid as a complexing agent, whereas the use of acetate bufTer produced lower and broader
suripping peaks with 3 maximum shified to more negative potentials. Prliminary experiments
reveded Mol s S o, i g e ol gl il etk
Mo l condions 10 sctieve

potentials s tin. Eforts are now being made to ascert
ihe highes, iping iipals of tin while mininisig i pounds.
s T o e BB e
tin are also investigated
Table L.
Resisor cerified
forn
Ceriied refrence materil N concenraton
P Contnedlse
STEW-S (estuarine water) Ry 125
water) 082G 0802017
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Fig. 2. APM images of the surface of the bismuth film electrode prepared without (A) and
with (B) the use of reversibly deposited mediator zine (lefi. SWASV of 5+10° mol L !
Sn(1V) at BIFE prepared with the use of mediato in various supporting electrolytes: ) 0.1 M
acetate buffer (pH 4.5).b) 0.1 M HNO3, ) 0.1 M NaBr (right)

Conel
Combinstion of ex it andor n S AT A e R ey
elect

teposited mediator zinc resulted in clectrodes with increased coverage of workin
s il il i ik s gl of gt s m g xmlyxn
The an performance of such prepared lead-flm electrodes is even comparable.

eal
i e o acoae SN ot e
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Electrochemical and Spectral Behavior of MieroRNA (miR-34-5p)
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MlcmRVr\s are fumly of sl nocoding RNA, ey raing gens cxprsion ¢
e

plptisit gl o i e s s i b b

R 34a 5, relted with had and neck 3nd s presae caner Fnlmetis sujwitets
8 il il St i sy peenitd 5 e

range of pl and 5. The mRNA.and 15 DA scquendal andlogucs (mDNA)

ek eratng and gcan Hornt sl T compenson of RNt bot

DV\/\[U}znd (T) showed the effect of substitution of ribose to deoxyribose, and sructual

Key words: miR-34a-5p, Human cancer, miDNA, Cyelic volammetry, Linear sweep
voltammetry, Circular dichroic speciroscopy, Mercury electrode.

Introduct
NiGaRNAS (miRNAS reprsent a il of small oncding RNAS 1 - 35 muleides).
negatively regulating gene exp post-transcriptional level | Their actns

b oo st g o e it g e iicy

demonsuniod that dreguied mRNA.expresion conibules 1 th allgnant prcnaype 7
‘and forthis resson miRNAS play a key fole a both diagnostic markers and therapeutic argets
for gy st rmor e okl ocer, et e, g cncr, st e

ete) ** Great attention s devoted to the ‘miR-34a-5p, related (0 head and neck
o ad g o cancer . Thio mRONA i & e s pionl gt of 53 and i

Vi inducrion of growh aest, apopiosis or senescence . Our contibution s focused on m
Sonpiie o e st o NS, bamd o s, 1 DDA g
deonyrbossand comaiting U o T n i ssencs, by using voltaoumeti e (oo
voltan ammetry - LSV). The vollammetric experiment was.
e OO et B spo

Experimental
Chemicals
e Iyophil

les of mRNA
CAGUGUCUUAGCUGGUUGU and TGGCAGTGTCTTAGCTGGTTGT)
e bitinad o St AV Capaey The st s o B i

e s dacntiad by 1Y VI8 e oesopy| Pampbes o [l o 1 gy
lctolyts yasprpaed 1 i of sl i (gl Sigm Alde ACS rage,
Dhosphore acd (5% . Pena Chudm), and sdhum Hydronid (Sigm Aldrch, ST
A St e aret s e LS ot

E
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Methods
Qe by (V) ador e ovesp vy 157)
The perment was reaved wing fhe cecoshenical anlyzer yAUTOLAB

A2 v o o et ey S sl UMD s« kg St
Ag/AgCl3M KCl and Pt wire as a reference and an ausiliary elecirode, respectively. As a
Sportng lctolte the phosphte ccitebufe (OH 3 033 45 was vsed

“The CV curves were measured i the potentil range from 10 -1.7 V' at scan raes from 200
10 800 mV/s and the sample measured was adsorbed on the electrode surface al an
accumulation potential of 0V for 120 s

Gl diol peersepy

CD spectl experiment was caried out sing & CD spectometer Jasco 185 (Tokyo,
Japan in 01 e pae engih il el O 120 356 e 100 o) et &
themostatted holder (23 “C). The concentrations of miDNAs and miRNA were
0¥ ml L phosphae. s bt (i3 148 54)

Results and discussio

Cyclic voliammetry (CV) and or linear sweep voltammenry (LSV)

1t follows from voltammetric results that miDNAs and miRNA provide typical reduction
signals of adenine and cytosine (A and C) and an oxidation signal of guanine (G) on the

coresponds to the oxidation of the reduced product of guanine (7,8-dihydrogenguanine). The
sanine reduction process proceeds at very negative potentals (more than -1.6 V) and is
overlapped by the discharge of hydrogen

“The comparison of LSV curves of the DNA (U) and DNA (T) backbone at different pH

showed that DNA (U) and DNA (T) yield only one reduction signal of adenine and cytosine.

(AC signal). This signal is shifledinto the more negative potential egion with increasing pH
and scan rate. The current ntensity of these signals is comparable for both miDNA (U) and
mIDNA (T)

Cyse olamney, which offrs the cpporuiy to st axduion proceses o he
st (Ol we o
o DN ) s A . T dubl Copel s 3 DA S snd
2o Geecable n pHs more acide hen pH 3. With ncreasng pH the Gl oxdsion sl is
vsible and its height gradually increases, while the GII oxidation signal dissppears. The
sfine 60475 10w it of
3 e s e T i, (s et iy o 9 s il o
End e GIl xidution ignl s well edabl. It 1 iicretng that at pH 5.5 the curet
imeniy peak highyofboth o dtom sgns, G nd GIL. s comparabe

Similar results relaed 10 pH dependence of AC reduction and G oxidation signals were
obained in the study of DNA fragments on HMDE *



B4 ks o | i sl R ol il e A e ol

o e e of miRNA. e cumen imensity of mue isduton Sgnals desesses with

On the conrry, RNA (iR 45 prvides clyone G aideicn sl prags i 0.8

et sroctrl smngement (2-fom) on the mereury elecrode Ths signal sready

e e e e nsity of the G signal increases. In

adiion, the G cxidaon gl s shited i 1o the more secative poteadsl e vih

AtpH 438 the current intensity of the G oxidation signal reaches the

i s i o S b mer ke e, h s of e G edston
sianal gradually decreases (Fig. )

Cirsla diioicecosery
st nsoluioas vas chucrized by means of it il

e OB wamacons oo i e Caris o o S gt
o th i chnge i boh DN and o RNA backbone (i 2). The "miDNA (0 nd (1
backbon oms 2 103 tyes of st accdinglo et ot tansiion

poins (329 nm, 247 am. and 374 ) The DNA. skeleon psss i 8 more ordered
i i 4554 ot s et . Toe RVA o
f 259 - 253 nm a shoulder
appears, which ndicates  gradua cange nthe fwo sirucure. I th midale of the stoider
355 ) pek e sy varies The sy ofthes sucures s highe between 1
and 5 (Fig.2).




Fig. 2. CD spectra of miRNA and miDNA at different pil

Conclusion
“The comparison of miRNA and both miDNA (U) and (T) showed significant differences in

and its miDNA sequental analogues was studied by CD spectroscopy. It was found that the
sncurs sablty of thse il aids sudied i sinfcany depnden o pi. DA
RN:

58

0. oo e o o o onm I el e sy md 9 s
divrsty was confimes s by clociochenical metods Elearochenica investigion
indicates that on

St b, pH 3,05 45 mIRNA and i miDNA scquenal analoges povide anly
one reduction AC signal, ie. the reduction signals of adenine and cytosine merge into one
reduction signal. Contrary 1o miDNAS which yield two oxidation signals of auarine on
EDMDI IR g0 ol o il ol g 1o s il
amangement (Z-form), on the mercu
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Primer Extension Reaction at the Gold Electrode Surface
(Metoda prodiutovin primero nt povrchu shaté ekirady)

Pasling Vit Lodo v, 50 Moy ojs
Institute of Biophysics of the AS CR,v v, Krdlovopolski 135, 612 65 Beno, Czech Republic,
ol vikovag

Abstract
One option of covalent DNA labeling is incorporation of chemically modified ucleotides
using corresponding deoxynucleotide triphosphates into DNA molecles using polymerase-
Sonlond i oxienion, Wi extean s sl pstomd 1 st e i e
Jpit el s il ngsion ted the possibilty to
e olgomsciatdes i chymalaly eorpori smbetanons Wioh oot
»

ey words: DNA, Primer extension, Anthraguinone, Electrochemical analysis, DNA
modification.
Uvod
yuivina ke studi
§ digklesich E\ektmchermcka stanoveni dosahuji cilivost prinejmensim srovnaielné

ko iy =¥ehlrochemvcky v
piky signily je mozné vyt pro ce
Cekvemnani e To s dovoje dUEH

ve velkem nadbytku neznacené DNA. Vyhodou mize byt i vyusiti znacky, jejiz redoxni
reakee probilai reverzibilné.

Pro znaeni DNA je tasto vyuivina metoda prodiuzoviai primenu (primer extension, PEX).
P 10 metods . pomoshodné DN polymereyprodiovn ez ODN v smén o0

konce ke 3 konci. Syntéza probiha komplementame k sekvenci oligonukleotidoveho
Tettce « templits, DNA polymerizy okl inkorporovat ok pirozen, ak | chemicky
modifikované nukicoridy.

Pro zakotveni oligonukleotid na povichu Zatych elekirod se vyuziv zejména interakee

Siskogel gt EAABE Skt 4 Joaom. e EiSkis oigpukanid
{ODN) spovrchem sl clkiody, e ¥ viodageh wpein Ize timto
Cpisobem it vysoe. orgamzovanol. monovia Gamaovanos ko SAM. (el
e R

Experimenin it
inonem modifikované nukleosidtrifosfty (dN"CTP) byly syntetizovany a poskytnuty
S et Naals Hock (UOCHS AVCR.Pahe)

oo st e i e Kl i g e

Svyudiin cnzymu ventex0-DNA, polymerizy. tko tmpliy byi
iy " omsontinty S ORGCATOAGCTERGTCCCATGRCGECCATG,

Fmodifikované SH skupinou na - nebo 3~ konci. Templity byly na elekirodu



imobilizoviny pomoci vazby S-Au. Imobilizace byla providena pres noc pii laboratomi
teploté. Volny

Yolamericks mfn by providen na salzions Auclth (Eco Creie, Ut The
Netherlands) spojeném 5 VA-Stand 663 (Metrohm, Herisau, Switzerland) ve

Spet (Gelhatiavt X i ot deis, ity S ek
clo

rods). M lo provadéno v inertn atmosfefe argonu. Jako pracovni clekiroda byla
s er mka umm ‘Cykicks volametic (V) - rikodnt kil 02 M
5. pocitetni potencidl 0,05 V, potencidl bodu obratu -0.7 V. Square wave

m\mmﬂuzhw\’) Cikladn cleknoyt 0.2 M acetiony pufs, i 5. potiténi poendil 0.7
coneéng potencidl 0 V nebo pocitetni potencial 0 V' konetny potencl -0.7 V.

stedy a diskuse
P DAt S mosf o aehda PEX
ijch elekirod byl pomoci -Au imobilizovin templat modifikovany SH.

apinounas o Nond Hekuﬂdy bmn G0 ot o v
G-mercapto-1-hexanolu, aby doslo k uspofadini navzanych molekul oligonukleotidi
ekamin vt picha dekots Nasteig bty ety PR vk e Retko byl
ravbdfas b e dyd el kdy by acprveprovdna biidzaco s o e
o bylaclekrada viodena o reakéod sinis obsahles znacend  nesatend INTPa ey,
by jodnom kroku, kdy byl pimer souti cakin smsl Pro el byly pousvany

GA™TP a C™TP. Reakce probihala 90 minut pi teploté 60 °C. Prpravené PEX produkty
oty kel dasori

Voltametricki méreni
Hekiechenickd chovin pfpsvensch PEX produki byl staovinopc CV o SWV 1

2 i e e i Gl it ¢ e
dvouclekironovi rrv:mhl\m hinonyiroh ¥ s sl ek
e ovkyags sl gk AGS 2 st S 035 V.

rwiet i aeamsie Lo S e e g e
pamy pik AQH:” piduii pén oyt anbydrocinom. V €Y ODN amcenich
anrachinonem je patm§ par pikii AQ/AQH.™ (Obr. 1), ale piky nejsou pils dobre

yvinuté. Neznacené DN na laté elekirodé v poutitém potencilovem ozsahu (0 - 0.7 V)
neposkytu Zadny signil

O e e e DN s

SWV. Yo SWV moifkovnich ODN v katodickém (0 a2 -0.7 V
st i (07 010 V) 1 dade pm) g i poencidly 035
(©Obr 2) Nemodxﬁknvmy ODN v encilovém sossenu neposkyhie Siné
sgndly Pro cven, . gy anenchinons sktot ot PR el st
<o signily INCTP adsoouanim na dektods ebo inerkalovnseh do
ahwmklwﬂdu il Bpreny kol Ly do ki sl byl i b pime:
signil

-

Ziver
Vil pric o abvime plprav anachinonen nsbnichoignueidd ol PEX
provids 5 pochy lé diskové lkirody o dekrochenickim sanoveim takto
Prpravenih aligomublooadd, Nake visedhy ukara, rchu probihd, a o jak

N aavizango na ickirod SH skupin o 3-Konl ok o cigomukieondd navizanseh
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S shapino 1 knci Ob phpaven PEX produty e motn dlktochenicky saovit
méfenim redoxnich signdli antrachinonu. Antrachinon se pro studovani téchto reaki kizsl
ko vhodnd matka. Vihodou o ziméns reveralbit e redonnich rske irs umoge
[

'V nezuatendho PEX produktu a PEX produkas znatenéhoanrachinonem
plpravenych na zlaté diskové elektrodd, zakladni elekrolyt 0.2 M acetatovy pufr, poSatetni
potencial OV, potencil bodu obratu -0,7 V.

Obr. 2. CV neznatencho PEX produktu, PEX produktu znageného antrachinonem a kontrol,
kdy do_ reakeni smési nebyl pridin enzym nebo primer pipravenych na zlaté diskove.
e, zikladn sekilyt 6 M acudtov P, pociaEm porencil 0.7V, konebny
potencidl 0V.
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Abstract
Efects of background electrolyte pH. composition and concentration on the electrophoretic
ransport of short oligodeoxyribonucleotides (ODNs) in fused silica capillaries have been
investigated in the presented study. Mobilites and separation efficiencies of ODNs peaks
varied with al hre background elecolyie haracterisic. Just changes n e background

atc
Saln ot e oo e Tt lhe indicated complexity of ODNs
lctrophoretic behaviour, we show that very high separation efTciencies of ODNs peaks can

e scoved i bckground letlyiesof pysic g .

Key words: capillary electrophoresis, DNA, electrophoretic migration, fused silica capilary,
oligodeoxyribonucleotides.

Introduction
Because of DNA reaciivity and sensitvity to exogenous influences, local changes in DNA
sructure and chemical composition may occur. Such changes, thir causes and consequences
can be studied using miscellancous experimental techniques and tools. Popular tools are short
linear oligodeoxyribonucleotides (ODNs) bearing addiional functional groups or molecular
St St g, sk s of s s, o damionl
o molsies of mal and intmiate s Mishres of sich compouds i be sepaned
ing capliry clesrophorsi (CE) I buffred o sltons er detiled
Suies o short ODIN and of el deatives re pacially laking Yor e

DN derivatives it is essental 1o study the mother ODNs frst. Available lierature
a i ODNs

rch of

An QDN wiich cossts of 1 monomers, ad doss ot ber 3o §-eminal phsphate
aou whas agness vhoe diocsion. s
bl g i g b Roslls ol

gl gV 1 ot o ol o s, syosine o &
,yn.m.z o o rongly b ditogen soms. ODNs bowr excess egaive

Chase st p vas § 11 (which previl in CE sepaaion of mcleoddes and 1
ligomers’, thereore ODNs igrate aicaly Probably this ac cvokedthe opision that
lcrophoric prperte and beaviur ofthes pecis are dtenined excusively by thei
Soungiensc & oty et s et s, G0t
DNA Fagments o no inteact i the wal) of the el siic epillary * In analyical

take infg consideraion other propetes of ODNs besides the acid-base ones are rather

“The aim of the study was the investigation of the influence of background electrolyte (BGE)
pH. composition and concentration on the clectrophoretic transport of short ODNS in fused



sica caplaes. Addional ffon o th study was dirctd towards sercing fox BGES
110" theoretica plates per

1 meter of separation capillary)

Supporting Information

it BGE. For maximum possiblebuflring cpaty of BGEs, their p was jusied 1o the
eof th buffcing B consiven, For the dimineonofspeimeral diffulis cased
by clecioosmtic flow,the inner wall o the “p..wu..,..,.uvy was coated with chemically
bound polyacrlamide ™ in experiments in the pH range 4.7 7. In xperiments caried o
pH higher than 7.6, uncoated capillary was used.

[t 0o nmoe Bt by b e of oo - 36 il vl by O
Synthetic ODNs have been supplied by VBC Biotech Services

ileobase composition
G v B o GENERA e (i Koo, Cosch Repubiy

Findings
The resentd sty yas motfvste by the expocaion that sinically migniing ODNs do
ot ineract with the negatively charged surface of fused siica capillary . In the first
experiments 0.1 mM solution of a randomly selected pentamer AST was injected into the
capilry il with 20 m sodium sosttebffr o pH 7. nly two pnks havebeen
et n e conesuive of the pen et ke wigabs &

o b o s e T e i AR e g
Pemames GG and o ATANTA Helaed e
Therefrs i the net st hlode sl of Gifrens oo s heve b 1ot
rs

ntormation sbout the acion of ogunc cations in the ODNs irnsport n fuse silca
capillaries. Experiments with monovalent and divalent cations added into sodium acetate
buffer resul jucible_migration of GAGAT through the capillary, but the

separation effciency of the GAGAT peak was too low. Trivalent and tetravalent organic.
cations wmed out to be unadvisable as BGE addiives because they caused substantial

the higher ‘mono- or
added into morpholine acetate BGE resulted in GAGAT separation efficiency improvement,
However its mobilty decreased unacceptably.

Zviterionic Good's bulfers MES (pK. = 6.4 ") and MOPS (pKy = 7.2 ') have been
employed in the following experiments performed in polyacrylamide coated capillary. The
conting is considered stable up (o pH 8. Pentamer A4T was not detected from injections

repeated in long periods when 20 mM sodiun-MES bufler was the BGE, whereas in the
morpholine-MES buffer the ODN has been detected and migrated reproducibly. Satisfactory
separation efficiency of 1.5-10° has been achieved. The first NeOH-adjusted buffer in which
e AT 1 i eyl £ 20 S MCPS KT o 72 i

sption s o AT bk s oo s Sy v OGS
conenrion vas doubc, Froehinlpton st s e o
sl ot s Widiydodsg

ol e

xperiments carried at pH higher than 7.6, uncosted capillary was used
electroosmotic flow (EOF), the mation of liquid in the capilary induced by applied electric
field, i directed towards cathode. Therefore the EOF must be sulfciently fat 1o avoid long.



runs in experiments analyzing anions. Good's buffer CAPSO (40 mM) adjusted with NaOH
0B 0.7 s ben chosn a5  mtale oo ODNs AT nd AST migred it

mabilties in this BGI r thei separation eficiencies were below the efficiency limit
I conudicon it \m ey of capilary Secrophorels s the cbseeeion e
efficiency of A4T was higher than that of AST and thal their efficiencies changed i

iffret sy when ura was added 1o the BOE From another tsed basc BGES. sodium
tonis bt o 1095k s ooy wnd o s s o dipeaed
mos romiig e, The inflesceof e sodium curbont BE Scncamrioan o the

jration

(i onic suenth aquaed tha of 40 MM CAPSO adused with NaOID the sepration
efficiency of A4T peak was close to the defined limit, and was the highest (more than 2-10°
theoretical plates) inthe most concentrated sodium carbonate buffer (70 mM).

Conclusion

Our experimental data indicate that electsophoretic properties and behaviour of ODNs are

much more complex than it has been thought and presented in existing lterature until now.

The soniuing sudy ims at recognizng processes influncing CE separaions of shor
“The oral contribution will discuss possible hypotheses on processes and ODNs.

o et boyon e exprmel .
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Boron-Doped Dis i is i ic Compounds
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Abstract
Bt oy 3 (D) e L B el A
oxidizable compounds, nevetelss thi pnsilies n eecroanalysi of educible

mmvm..m emain i iexploited. Thus, in thi study the influence of the presence of
o et perestment,and aciion bwech indiidal scan o leorducion
e o st a0 ot Sl i g ol sl

festd, Furter, the offect S v S e B Dot 1 s il el

in aqueous media was investigated. Sufficient boron-doping level is required (BIC
bt ol b pllist ity Dbl
signals despit the factthat the width of the potential window in the cathodic region inereases.
with decreasing boron content

Key worts: Ssiuincins, Azodyes, Born-dopod. diamond, Boron concnrtion,
Voltammery, Reduct

Introduct
T s vy yoc ocem opel o, (000 i e e il
established tool in electroanlysis of organic compounds. This popularity is given by
vantageous mechanical deccochemicalpropetcs, . low and sible backyround currens,
mechanical and corrosion esistance, wide potential window in anodic region and by fouling.
resistance or easy removal of adsorbed reaction by-products and products by rinsing BDD.
surface with appropriate solvent or application of high anodic or cathodic potential. These
propertes are significanty influenced by morphology o the BDID films, boron concentration,
and

ition procedure or

in the gas phase, typical values range from 500 ppm to 15 000 ppm resulting in
centraion in the final film 110 e ~ 1-10° cm *. Depending on the boron-doping
level and crystallnity of the BDD, the electrcal conductivity of the BDD films ranges from

210 boron woms et o> (. * (heorsical valu). 1 -1000,~ 200 pom
(experimental values) . Pretreament of the electrode surface can be applied for
ot o e oot s pmscnto o5 e R BUL eSS
the passivation of electrode surface. and ensuring of repeatable and reproducibie response of

particular analytes For this purpose, most frequently high postive/negative curtent densities
S ol €21 )y 1 T fosomd 1 lonih &% il A o

(0-BDD) or BDD)
e e e o ot s 1y S oy



potentials causes oxidation and stabilzatonof the elctrode surface with the prevalence of
the ketanic, alcoholic and carboxylic groups *.

H,0(BDD) > HO'(BDD) + H [0}
T eyt Mo 1 b e i e oarshoil g

ongprcd o i de 05 mmhlhly 55 B e e sl vl sl of
B s o i o e aface and thus clearly leads to 3 larger
aecosonical sty for  pmbes of empo

The bigh mumber o sucies o volmmeic and amperomet deterginion of orgaric
‘compounds was surveyed in in several reviews *
oF idiable.subsiances Ts evident The Tow detenminat tions based on reduction were
g e, r somg sropnescls % “. .mmommpnm!, " and nitro-group containing
pesticides and drugs uding benazepines ' and ritro dervatives o polycyclic
s % a0 o fof Neheterocyelic compounds cylochrome ¢

oxget  emeniion %, o e . T o bk i the fc that BDD

and a suitable altemative St bl Shcesaes ot g by s
species *, 9l

s, n s sy e concemed on BDD.lectodes as possile tols i volummety of
redoie g compounds mvym comaning ypia eduiblegrups nd previsly
shaied a mercary, g bt et el e e et o

i 150 (s §7oiP) Seivopiociins (sibo. grosp, wad Wbesrocyeld), medlin
(oromatc ldehyde), and ssidoyming. (vide. proupy. Furlcr, the eft of bor
concentraton in BDD films on the width of potential window and voltammetric response of
selected analytes in aqueous media was investiga

Experimental
The fe\lnwmg aqueous stock solutions were prepared in deionized water (¢ = 110 mol L™
all from Sigma-Aldrich): Zidovudine, vanilln, allura red. tarirazine, S-nitroquinoline. All
chenicl o suporingdecioltes e dsve n denizd e and wer f et
arade purity (Lach-Ner, Neratovice, CZ). Measurements were carried out using a computer
e o i Pooggh wih Boubre st veson 51 (oth EcoTrnd P

D electrodes were prepared using microwave plasm: chemical vapor
Gepositon recir (Soki ASTOX 5010, Woburn. MA. USA) using presue of 50 mBar a
temperar of 20° onsicon vars sty of 8 0005 (e, ks of wafe 00
m, conuctor, Roinow pod Radhok) of mixtresconsining 90.0%
and mmmymm I it ymale L L e

with deposited BDD i s ko i

el:clmd-: iy i s €3 i 16, st ot oA 37 et (o
). T rode armangement with BDD lectrodes as indicator clectrodes and platinum
i iy ochads st e St G GRS s oaross vt
iftenial s oy e hight o 50 mY, s il o 100 ms and san e
of20mV s ' were appl

Results and Discy
"o potctial wandow in agueous medis s firsly ivesigaled fo 56 of BDD elecrodes
With boron concentration 00 ppm — 8000 ppm. Several supporting electrolytes commonly
used in elecrcanalyss and represening the wide range of pH values were used: 1 mol L
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KCL,0.tmol L™ HCIO, 0.1 mol L acetae buffer pH 4.0,0.1 mol L phosphate buffer pH
70, and 005 mol L™ borate bufler pH 50 Fig IA depicts an example of eyclic
Voltammograms in 0.1 mol L™ acetate for all tested BDD films. The width of the potenial
window is inversely dependent on the doping level, as is valid for al tested media. The
narmowing of potential window with increasing boron content is more extreme at the cathodic
side, where the differences of the cathodic potential limis Fimc between 500 ppm and $000
gp deaode el th o of 1 Y st bl p170) w73 (1l - ;
KCl). The decline is continuous with higher differences of £ pm 10 4000 ppm
cleciodes, As the hydrogen eveluon Feacion 1 e catholie equie he prescnce of
calyt i on the lirde wrtace, it un be conclded tha thet vlbity desresss

iecreasing boron content leading to extended potential window in accordance with
bl calclatons concluding that hydrogen bonding o boron s energetically Tavorable
in diamond *.

1Ay | A 1(ua)| B /
10 i
) - Y
-10. e
0.0
-2000-1000 0 1000 (mv) 250 500 -750 E (mV)

Fig. 1. (A) Cyclic volummograms of 0.1 mol L™ acetate buffer pH 4.0 measured at BDD.

electrode deposited using BIC ratio 500 ppm — §000 ppm; scan rate 100 mV s, he third

eycle presented, (m D volammogams of Sisqinolne ¢ = | 107 mol L™) in Briton-
100 mY s~

he secuchenical ek of i compounds s peicmed in sqveous mei i BR

e F1 20 ~ 120 For ol compount.the nfance of th rsens of oxygen o
pmleumzm e iniidal s s . A i Pl
po Sl ol ey o 00y B ol bl f

it v e it o s o et of b et &

oring lctote decompostion rescton and thus was 1o bl or e
puposes BDD il with ower boron-dopin eve and mre extnded potenial window Gid
e b A S

T voltammetic siga o Sipinline 10 az-dyes dopends gy o he B of e
elect

bufter activation betw
ot ot e 2 54 ¥ o 3 i 08 SL40+ e 5 O
terminated surface was applied and 30 s siring between individual scans assured repeatabl

signal heights range 20 - 12.0 (Fig. 2B). in the measured




solutions ok d I dard
deviation. On the other hand, detection azo-dyes requires acidic media and Heteminated
surface, . BDD electrode was pretrated at =24 V for 5 min in 0.5 mol " HaSO4 and this
potential n meaard medi wa ket for 30 betwoen individal s 1o Gy st
potentials of azo-dyes

o o 0¥, 0 e o e oy i AL sl Soniions,
fimits of detection Iye in the 10°/ mol.” concentraton range for S-itroquinoline and alura
e 10 el ot atoain T et ofpakpoenls of matoned

DP oty sl i Gl deemiin, wiic wil b demonstied on
their determination in selected sof din

Conclusions.
These results demonstrate that BDD electrodes can be an useful tool in voliammetric
i il compoind S1L Skl s cormmtle I Gous dhikod

a salidamalgam and othr carbn-based letodes Prope chice of boron-doing el o
DD lecuode. o obtsin
repeatable voliammetric signal
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Abstract
“This work dy of as

75) ad sl gugie sieiods (6L Bt Hot) medtied desols
CHOPGIMS ant PGB boe b g b

Gltnode subsrte. Developed lectrodes have been urher inestgaied a5 poental sensors
for sulfhydryl-contaning compounds.

Key words: Poly(methylene blue), Electropolymerization, Cyclic  voltammetry,
Poientiommetry, HOPG, PGE.

Introduction
lctrode surfsce modification can improve the electrochemical response o analyte by
mediating or catal . protecting

the electrochemical reaction mechanism respectively. Utlizing electrodes
vih immobilized suitable chemical mediators can solve some problems with bare solid

lectrodes such as insufficient sensiivity and selectiviy, slow eleciron transfer, current and
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Fig. 1. Chemical structure of methylene blue.



Cyelic voltammetry of methylene blue (MB) in aqueous solution leads to the formation of
stable conducive polymer ilm on he solid electrode surface. It has been already pubished
et bade solutions are ptimal mdie ot the polymerzaion of MB > and lectrochemical

The s of cur work s desigring new detsde sysem wich combines usicious

lctochenical propeies of B nd advarags f HOPG s PGE. We apinized te
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Our findings will be utlized for development of new potentiometric sensor.

Experimental
Reagents and supporting electrolyte solutions
Methyie bl vaspurchae? en Lchems, The pping oyt soluion s for

ot Sl €01 M gl Bl il 1 M R st T
iy ents. Solutions of sodium sulfide were
Mil

sed for prep
Solutions were kept in lass vessel i dark at ~6°C. All experiments were pecformed a room
temperature.

srementton

rochemicl experimets e caried out oo compisr-conroled potenoss-
vincsas Wanking PO oank Electonil it softvare CPC-DA (Bank Elkonk)n 3
electrochemical cell with HOPG/pMB or PG/pMB s a working electrode, saturated calomel
reference electrode (SCE), and platinum wire counter electrode. The pH measurements were
carried out with a pH-meter (Jenway 3510)at room temperature.

Irepartonof B modfd HOPG G
Gphie sbrte was prped b pesing of basl lne o Highy ornid pyyic
Bﬂvhue (HOPG, ZYB Grade, 12 mn x12 mm x 2 mm:  Performance Materials

Hericl conact was cbuined by merury wih plim vie T
Dohmenrsion-af meinlene s v under_argon
et font o e Rnmpoml o et
0.1 M phosphate buffer (pH §.0) with 0.1 M NaNOy saturated by argon. The preparation of
PMB films was carred out by voliammeric cycles between 0.6 V and +1.1 V at the sweep
Tate 100 mVs". The polymer growth was controlled by the deposition time or the number of
After

rinsed with phosphate buffer containing 0.1 M KCl to remove any remaining monomeric MB

Results and disey
Fig 2 shows tpical cclc vollammograms obiined during il growth on HOPG (4) and
PG (B). The voliammetric curves are similar (o that obisined on glassy carbon electrode *
Beyond o803 V the pidly ing cutent (vave 1) oginees rom the criduto of e
MB 10 a cation-radical MB" formed by the polymerization of m “The growth of the




polymer film is accompanied by a decrease of the monomer oxidation peak at -0.26 V (1 T)
oy e o iy o il e kN5 ) W Dot
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Fig. 2. The pMB film growth during clectropolymerization from a solution containing 0.1
mM MB monomer in 0.1 M phosphate buffer and 0.1 M NaNOs (pH 8.0) on the surface of
HOPG (A) and PGE (B). 30 minutes cycling between ~0.6 and +1.1 V vs. SCE at scan rate
100mvs
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displays sufficient _electrocatalytic activity towards sulfhydryl group (Fig. 3) and

i of HOPG/pMB towards

Inthis work poly(methylene blue) ilm was deposited on the HOPG basal plane substrate. We.
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propertes of resulting HOPG/pMB and PG/pMB clectrode. Modified clectrodes exhibit
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development of new potentiometic sensor.
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DETEKENI SYSTEM UNIKU ROPNYCH LATEK

AS-DETECTOIL

Detkéni zfizan tané ko ztovni a monioravini prost opnich ek cl, apo.
sl (energetica,

oo e, ), ke rpnich ik, v i prosted: . - ako

b Sl

POPIS ZARIZENI
e T o o
20 % 50 x 150 1 (apéjeného napetn 12 V - skumto, 1o 2.2 st pro

i salzaznno sani Ganek: sie 6 s gl Te0uBEARG, Skaiorahe
Jiného systému.

Zafizeni umoziuie diouhodoby, spolehivy a bezidrzbovy provoz, i v prostiedi s nebezpedim
ouchu. a 2

TECHNICKE UDAJE
plipojonim na sit 220/50 Hz, 3,5 mA; akumuitor nebo trafo; vaha 19 kg
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Jsme ryze eska spolecnost pracujici v oboru
vypocetn techniky, programovéni aplikac, projek-
ol a realizaci slaboproudych systémal.

SprévaIT ComArr"
st pora 177 Reazovs o srvarov e 7 Koupit

Hrdvar,neto Sofvare 7 2B

1T konzutace  poracens,sewerova ek, reazac st o 112 11 s 215kl
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e 40 Nobo poroct s sinktrovancu abeds 7 Kontakty:

Konzultujte své potieby s na&imi odborniky.
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Kamerové a video systér
inteigenint slekroinstaace, programovatelns systémy

Projektovy a heldeskovy systém TASKPOOL [RERESCIIN

“TaskPao e madern hel webowy systém o wiraznd dié: CZ15050084
Zefektvnént sprévy poadauks a fizeni fremeich procesd.
Vyhody helpdesk systému TaskPool:
St fremoi nkiach
Phizpisoben po pouzii 2 mabinich feefonis Tl +420 466 889 111
Pind nastavtalny helpdesk na Vabih weboych stinkich N -
- Sprava pozadavki pres weboxs rozhcan,pistp odkudkol E-mait info@comarrcz
Uchovavani kompletn histore komorikaca (nelze mazal)
Mapovini 2 optmaizace remnich process




npDroPrPsSENs









	Sbornik - 0001
	Sbornik - 0002
	Sbornik - 0003
	Sbornik - 0004
	Sbornik - 0005
	Sbornik - 0006
	Sbornik - 0007
	Sbornik - 0008
	Sbornik - 0009
	Sbornik - 0010
	Sbornik - 0011
	Sbornik - 0012
	Sbornik - 0013
	Sbornik - 0014
	Sbornik - 0015
	Sbornik - 0016
	Sbornik - 0017
	Sbornik - 0018
	Sbornik - 0019
	Sbornik - 0020
	Sbornik - 0021
	Sbornik - 0022
	Sbornik - 0023
	Sbornik - 0024
	Sbornik - 0025
	Sbornik - 0026
	Sbornik - 0027
	Sbornik - 0028
	Sbornik - 0029
	Sbornik - 0030
	Sbornik - 0031
	Sbornik - 0032
	Sbornik - 0033
	Sbornik - 0034
	Sbornik - 0035
	Sbornik - 0036
	Sbornik - 0037
	Sbornik - 0038
	Sbornik - 0039
	Sbornik - 0040
	Sbornik - 0041
	Sbornik - 0042
	Sbornik - 0043
	Sbornik - 0044
	Sbornik - 0045
	Sbornik - 0046
	Sbornik - 0047
	Sbornik - 0048
	Sbornik - 0049
	Sbornik - 0050
	Sbornik - 0051
	Sbornik - 0052
	Sbornik - 0053
	Sbornik - 0054
	Sbornik - 0055
	Sbornik - 0056
	Sbornik - 0057
	Sbornik - 0058
	Sbornik - 0059
	Sbornik - 0060
	Sbornik - 0061
	Sbornik - 0062
	Sbornik - 0063
	Sbornik - 0064
	Sbornik - 0065
	Sbornik - 0066
	Sbornik - 0067
	Sbornik - 0068
	Sbornik - 0069
	Sbornik - 0070
	Sbornik - 0071
	Sbornik - 0072
	Sbornik - 0073
	Sbornik - 0074
	Sbornik - 0075
	Sbornik - 0076
	Sbornik - 0077
	Sbornik - 0078
	Sbornik - 0079
	Sbornik - 0080
	Sbornik - 0081
	Sbornik - 0082
	Sbornik - 0083
	Sbornik - 0084
	Sbornik - 0085
	Sbornik - 0086
	Sbornik - 0087
	Sbornik - 0088
	Sbornik - 0089
	Sbornik - 0090
	Sbornik - 0091
	Sbornik - 0092
	Sbornik - 0093
	Sbornik - 0094
	Sbornik - 0095
	Sbornik - 0096
	Sbornik - 0097
	Sbornik - 0098
	Sbornik - 0099
	Sbornik - 0100
	Sbornik - 0101
	Sbornik - 0102
	Sbornik - 0103
	Sbornik - 0104
	Sbornik - 0105
	Sbornik - 0106
	Sbornik - 0107
	Sbornik - 0108
	Sbornik - 0109
	Sbornik - 0110
	Sbornik - 0111
	Sbornik - 0112
	Sbornik - 0113
	Sbornik - 0114
	Sbornik - 0115
	Sbornik - 0116
	Sbornik - 0117
	Sbornik - 0118
	Sbornik - 0119
	Sbornik - 0120
	Sbornik - 0121
	Sbornik - 0122
	Sbornik - 0123
	Sbornik - 0124
	Sbornik - 0125
	Sbornik - 0126
	Sbornik - 0127
	Sbornik - 0128
	Sbornik - 0129
	Sbornik - 0130
	Sbornik - 0131
	Sbornik - 0132
	Sbornik - 0133
	Sbornik - 0134
	Sbornik - 0135
	Sbornik - 0136
	Sbornik - 0137
	Sbornik - 0138
	Sbornik - 0139
	Sbornik - 0140
	Sbornik - 0141
	Sbornik - 0142
	Sbornik - 0143
	Sbornik - 0144
	Sbornik - 0145
	Sbornik - 0146
	Sbornik - 0147
	Sbornik - 0148
	Sbornik - 0149
	Sbornik - 0150
	Sbornik - 0151
	Sbornik - 0152
	Sbornik - 0153
	Sbornik - 0154
	Sbornik - 0155
	Sbornik - 0156
	Sbornik - 0157
	Sbornik - 0158
	Sbornik - 0159
	Sbornik - 0160
	Sbornik - 0161
	Sbornik - 0162
	Sbornik - 0163
	Sbornik - 0164
	Sbornik - 0165
	Sbornik - 0166
	Sbornik - 0167
	Sbornik - 0168
	Sbornik - 0169
	Sbornik - 0170
	Sbornik - 0171
	Sbornik - 0172
	Sbornik - 0173
	Sbornik - 0174
	Sbornik - 0175
	Sbornik - 0176
	Sbornik - 0177
	Sbornik - 0178
	Sbornik - 0179
	Sbornik - 0180
	Sbornik - 0181
	Sbornik - 0182
	Sbornik - 0183
	Sbornik - 0184
	Sbornik - 0185
	Sbornik - 0186
	Sbornik - 0187
	Sbornik - 0188
	Sbornik - 0189
	Sbornik - 0190
	Sbornik - 0191
	Sbornik - 0192
	Sbornik - 0193
	Sbornik - 0194
	Sbornik - 0195
	Sbornik - 0196
	Sbornik - 0197
	Sbornik - 0198
	Sbornik - 0199
	Sbornik - 0200
	Sbornik - 0201
	Sbornik - 0202
	Sbornik - 0203
	Sbornik - 0204
	Sbornik - 0205
	Sbornik - 0206
	Sbornik - 0207
	Sbornik - 0208
	Sbornik - 0209
	Sbornik - 0210
	Sbornik - 0211
	Sbornik - 0212
	Sbornik - 0213
	Sbornik - 0214
	Sbornik - 0215
	Sbornik - 0216
	Sbornik - 0217
	Sbornik - 0218
	Sbornik - 0219
	Sbornik - 0220
	Sbornik - 0221
	Sbornik - 0222
	Sbornik - 0223
	Sbornik - 0224
	Sbornik - 0225
	Sbornik - 0226
	Sbornik - 0227
	Sbornik - 0228
	Sbornik - 0229
	Sbornik - 0230
	Sbornik - 0231
	Sbornik - 0232
	Sbornik - 0233
	Sbornik - 0234
	Sbornik - 0235
	Sbornik - 0236
	Sbornik - 0237
	Sbornik - 0238
	Sbornik - 0239
	Sbornik - 0240
	Sbornik - 0241
	Sbornik - 0242
	Sbornik - 0243
	Sbornik - 0244
	Sbornik - 0245
	Sbornik - 0246
	Sbornik - 0247
	Sbornik - 0248
	Sbornik - 0249
	Sbornik - 0250
	Sbornik - 0251
	Sbornik - 0252
	Sbornik - 0253
	Sbornik - 0254
	Sbornik - 0255
	Sbornik - 0256
	Sbornik - 0257
	Sbornik - 0258
	Sbornik - 0259
	Sbornik - 0260
	Sbornik - 0261
	Sbornik - 0262
	Sbornik - 0263
	Sbornik - 0264
	Sbornik - 0265
	Sbornik - 0266
	Sbornik - 0267
	Sbornik - 0268
	Sbornik - 0269
	Sbornik - 0270
	Sbornik - 0271
	Sbornik - 0272
	Sbornik - 0273
	Sbornik - 0274
	Sbornik - 0275
	Sbornik - 0276
	Sbornik - 0277
	Sbornik - 0278
	Sbornik - 0279
	Sbornik - 0280
	Sbornik - 0281
	Sbornik - 0282
	Sbornik - 0283
	Sbornik - 0284
	Sbornik - 0285
	Sbornik - 0286
	Sbornik - 0287
	Sbornik - 0288
	Sbornik - 0289
	Sbornik - 0290
	Sbornik - 0291
	Sbornik - 0292
	Sbornik - 0293
	Sbornik - 0294

