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INTRODUCTION

Since DNA identification from biological sampleskeéa from textile materials (especially
denim) can be made difficult by the presence of dges in the environment of extraction, the
discovery of new dye degradation methods is of tgnei@rest. Most of the advanced oxidation
methods used in industry are carried out undeadi@@H conditions, which also leads to DNA
degradation by making impossible its further idicdtion [1].

As a result, several enzymatic/chemical/electrocb@noxidation methods that take place in
a neutral or basic environment have been testemtdar not to damage the DNA structure. After
finding the most efficient method, this was tested several textile dyes and on several denim
materials for checking its efficiency.

Quantification by the Real Time PCR method, whichdeveral years offer the possibility to
identify the inhibitors from biological samples,p@mding on the quantification kit used, has been of
great help [2]. Thus, the dyes used could have Iested for their inhibitory effect through this
method. Also, after their oxidation through thesmefficient method, they could have been tested
again to highlight whether they have or not anbitbry effect on polymerase chain reaction (PCR).

Further on, depending on the obtained resultsptéiod was applied on biological samples
in the presence of inhibitory dyes and subsequemnilpiological samples deposited on denim, as
usually arrived in genetic analysis laboratoriesifientification of individuals based on DNA. The
dye used for the preliminary studies was a copgeagulphonate phthalocyanine: Heliogen blue A.
This was chosen because it is part from a claslye$ that are very resistant to degradation and it
also binds to DNA, thus being an inhibitor in thregess of DNA identification [3].

Due to their physical and chemical stability, tHehalocyanines, being insoluble in water
and in most solvents [4], are resistant dyes useghany fields such as inks and painting, textile
staining, plastics, food packaging [5] and alssemiconducters, in computer industry [6] and so on.
These substances are also used to color textitddife and green shades, especially denim for blue
jeans, outfits almost indispensable among humankiwile [7]. Lately it has been discovered that
phthalocyanines are able to bound single- and @estibhnded DNA molecules [8], thus being tested
as photosensitizers in photodynamic therapy of @aj8j. Recently it has been proposed their use as
medicaments due to their antitumor effects [10].

|.  THE CURRENT STATE OF KNOWLEDGE IN THE FIELD

The polymerase chain reaction (PCR) is an enzynmtcess through which specific DNA
sequences of interest are replicated (multipliegiB2 times, generating approximately one billion
(10°) copies [11]. This multiplication reaction of tatgDNA regions is extremely important in
obtaining a sufficient amount of DNA for determigigene-based identification. Therefore, at this
stage both the initial amount of DNA and its qualitespectively the absence of PCR inhibitors or
degraded DNA, are very important in order to achiefficient multiplication.

Inhibitors of the known PCR amplification processlude the blood hem [12], collagen from
tissues [13], humic acid from soil and plants [1ldgnim dyes[15],melanin from hair and skin
[16],calcium ions from milk and bone [17] etc. Ap&mom indigo, unsubstituted phthalocyanines
together with mono - copper (Il) phthalocyaninesd @olysulfonated are commonly used as denim
base pigments (Blue Reagent 15, Blue Reagent A1 Regent Blue 38[19] and C.I. Direct Blue
199 [20]).

These inhibitory substances can react with nu@deids during extraction, degrade or modify
target DNA sequences, interfere with PCR primeegjrade, alter or inhibit polymerase, and last but
not least interfere with the sample or with itsofiophores. Inhibitors can be detected through the
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Real Time PCR method which, in parallel, quantifiee DNA already present in the sample, a
method used in this research, too [21].
DNA isolation is the first important step in forem&nd medical analysis. The main extraction

methods of DNA used by all laboratories in thedfiake the manual ones - the phenol-chloroform
organic method, the chelex method and the FTA papethod - and the solid phase extraction
techniques (on silica gel or particle membranesmagg silicon) that can operate both manually and
automatically [11, 22].

The degradation of textile dyes, which can be inbib of the PCR reaction, may be achieved
through various methods: physical, chemical, bimlalgand electrochemical [23].

1. THE ORIGINAL PART

Initially, the PCR inhibitory effect of several téde dyestuffs was tested: phthalocyanine, azo,
indigo and triphenylmethane dyes. The inhibitorfigef was verified during the DNA quantification
step, by the Real-Time PCR method, using the Qplamtiinvestigator kit and a Rotor-Gene
Qapparatus [24]. The cycling threshold Y@arameter for DNA / dye samples was determinetitan
was found, according to CT values obtained on &l®w channel, that tetrasulphonated copper beta
phthalocyanine fCuPcS4) had the greatest inhibitory effect, folldwdy beta-copper-
phthalocyaninefCuPc) and fuchsin. In fact, phthalocyanines aréqudarly resistant to degradation
and are practically insoluble in water and in mssivents. Finally, phthalocyanine dyes were
solubilized in an aqueous medium in the presenca abn-ionic alkyl polyglycoside surfactant
(APG), with continuous stirring for two hours.

The next objective was to develop a method of rengpphthalocyanines from solutions under
conditions compatible with DNA extraction in theepence of chelex chelating resins (at basic pH
and temperature 55-56 ° C), without modifying theucure of double stranded DNAnitially
enzyme oxidation was used with lacase and then patbxidase, without a significant decrease in
the concentration of phthalocyanine tested. Thénwas attempted to removpCuPcS4 by
electrolysis in acidic, basic and neutral medialfypotassium sulphate). Oxidative degradation was
monitored qualitatively by discoloration of the tbn.

Electrolysis was followed for a minimum of 2 houms a stainless steel electrode cell,
determining the absorbance of the anode soluti@iffarent time intervals. In an acidic medium, in
the presence of sulfuric acid, a degree of deca898b is obtained at 90 minutes. Visual, color
change was observed from blue to green then oramitje,dark orange precipitate formation and
discoloration of the supernatant even after 55 mmuln a basic environment, in the presence of
NaOH, the reaction is much slower.

For a neutral environment, a solution of 0.05% KaS@s introduced into the electrolysis cell.
Electrolysis was followed for 195 minutes, measgyirine absorbance of the electrolysis product in
the anode compartment every 15 minutes. The disst@do occurs in about 2 hours with a 90%
discoloration degree. As the pH of the potassiutphaie electrolysis solution drops continuously
from 6.5 to 1.5, it was attempted to adjust it dgrelectrolysis with a 1M NaOH solution, gradually
dropwise, to maintain a basic pH, appropriate fipliaations of interest (removal of phthalocyanine
from biological samples in the DNA extraction steéplle results are shown in Figure 11.1. It is noted
that the highs of the two peaks are recorded an®@2and 719 nm respectively. The formation of the
dark orange precipitate and the visible discoloratof the solution in the anode compartment,
together with the maximum decrease in phthalocyaalysorption, is recorded at 150 minutes.
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Figure 11.1. Electrolytic degradation fCuPcS4 with potassium sulphate, with continuousgiistment (basic)

It can be observed that almost total bleaching iecau 150 minutes. In the first part, the
increase in absorbance can be attributed to theafion of an intermediate absorbing at the same
wavelength as phthalocyanine.

The method has also been successfully applieddie aolution obtained from 5 émof dark
blue dyed denim dissolved in APG. From the initsgdectrum of the solution, a maximum
absorbance at 660 nm corresponding to the indigowhs obtained. The reaction was followed for
6.5 hours, with product absorbance determinatioesyel5 minutes.

To determine the constaspeed and the degree of discoloration correspontdif@uPcS4
by electrolysis, a wavelength of 718 nm was choseswvelength to which the other oxidation
methods were also processed. It is noted that |[otlyenine discoloration takes place within two
hours. From the time-absorbance data, the firserocdnstant speed was estimated by fitting the
equation obtained from the experimental data. Téwilts show that both types of dyes can be
degraded by electrolysis while maintaining a basic

Another oxidative method was tested with KMnO4 asiec medium. This turned out to be
the most efficient and most feasible in removinghplocyanines and other dyes along with DNA
isolation from biological sample3hus, the oxidative degradation @€uPcS4 with KMnO4 in the
basic medium was studied. For this, phthalocyasoiations (between 1.8 mg / L and 30 mg / L),
excess potassium permanganate (between 0.4 mMZanaM) and sodium hydroxide (between 30
mM and 100 mM) were mixed and followed for at teatiours at temperatures between 40 and 70 °
C and pH 10-12. The mixtures were spectrophotooalyi analyzed at wavelengths ranging from
200 to 900 nm at 15 minutes intervals. During tba&ction, the color of the solution changes from
blue to green, then a green precipitate appeardhendolution turns pale yellow to colorless. The
time required for complete discoloration was betwdeand 24 hours, depending on the reactant
concentrations. Kinetic analyzes were performedldt nm because at 615 nm there could be some
interference due to manganese ion (MfAdJormation at 608 nm during the reaction [25].

Extended kinetic curves show an increase in abscghafollowed by an exponential
decrease. Color is also more intense during the @ifrthe absorption increase.

In our experiments, the pH value has varied betwigeand 12 so we can consider that the
permanganate is reduced by forming all the mangaagslation states - Mn (VI), Mn (V) and Mn
(IV) [26]. We can assume that the reaction takes place ieaat two consecutive steps, with the
formation of a stable intermediate having a similalor toBCuPcS4.

The reaction offCuPcS4 with potassium permanganate in alkaline anedia complex
reaction, being possible a variety of mechanismghich the oxidation takes place via one or two
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electrons. The reaction cannot be simplified in t@asecutive steps but the form of the curves A =f
(t) can be explained by the formation of an intediate product that absorbs light at the same
wavelength witlBCuPcS4.

An important parameter for the degradation of digethe degree of discoloration (D %)
calculated as:

D(%) = A’"Zxﬂ- 100, whereAnax andAsin represent the values of maximum absorbance and

max

final absorbance (at a settled time).

The effect of potassium permanganate, natrium hydeo phthalocyanine concentrations and
also the effect of the temperature @OuPcS4 degradation were studied and the best ptae
the oxidative process were established: phthalangaconcentration (18 mg/L), KMn7,6 mM)
and NaOH (0,066 M), at 58C — the temperature at which occurs DNA isolatioconf samples
(figure 11.2). Under these conditions a degree istaoloration of over 90% is achieved in 4 hours
[27].
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Figure 11.2 — Extended kinetic curve fBCuPcS4 degradation at ((KMp>= 7,6 mM, BCuPcS4] = 18 mg/L and
[NaOH] = 0,066 M at 56C.

To explain the increase of absorbance on the ling@tion, a kinetic model of two
consecutive single reactions was used, from whictvas obtained a kinetic equation of total
absorptiornvs time that explains the shape of the experimeniales obtained:

48p%¢ @)
Starting from the time evolution of reactant anteimediate concentrationsa§ics) and assuming
that both the reactant and intermediate have aifisigmt absorbanceAi si Ag) at the same
wavelength, the total measured absorbaAgés(given by:

A=A+ Ag = €4cyl + epcpl (2)
whereg; is the molar absorptivity gfcomponent andlis the path length.
One finally obtains:
0
A= AjeTlat 4 TR (golut — ghat) (3)

Kinetic parameters were estimated according to riioslel, and there was good agreement
between the experimental data and the fitted matelyalues?(of the determination coefficient)
being between 0.936 and 0.987.

Reaction products were analyzed by FTIR spectrgscapmd X-ray fluorescence
spectroscopy, and it was concluded that the prtatgicould contain MnOand phthalocyanine
residue and the aqueous phase (of interest topmlications) no longer contains Cu and Mn ions.



The method of KMnO4 degradation in basic media alas tested under NaOH replacement
with a 5% chelex solution on pH 11 and extendedbtber colorants of different classes. The same
reaction conditions previously established as ogitiwere used and the reaction was followed for
150 minutes. The method is efficient for all tym#slyes, resulting in fading degrees ranging from
41 to 90% after 60 minutes of reaction.

Further, KMnO4-oxidized dyes in basic medium wegaia tested for the inhibitory effect on
the PCR amplification reaction by the Real Time P@Bthod, following the € values on the
yellow chanel of Rotor Gene Qapparatus. It was dotlmat none had a;Gompatible value with a
PCR inhibitor effect ( > 31). The effect of KMnO4 a possible inhibitor under the same conditions
was also investigated, demonstrating that it hadffext on the PCR reaction.

The next objective was to apply this method todmatal samples with phthalocyanines and
other denim dyes. Initially, saliva samples of kmowoncentration were tested from persons with
known DNA profiles, mixed with three phthalocyarsnfCuPcS4CuPcsi Cl-aCuPc. According
to the results shown in Table 1.1, the method wpasticularly successful for samples with
phthalocyanines having amhibitory effectand being oxidized with KMnO4 [28].

Full genetic
DNA amount Amount of profil? / Average
DNA sample (ng/L) C; value extract used (numbe.r of height of
(uL) genetic peaks
markers)
Saliva +BCuPcS4 0.161 32.4 6 No (5) 354
no KMnGQ,
Saliva +BCuPcS4 0.087 30.2 9.5 Yes (16) 5345
+ KMnO,
Saliva +pCuPc 0.032 32.0 9.5 No (12) 323
no KMnQ,
Saliva +BCuPc 0.145 29.9 7 Yes (16) 1076
+ KMnO,
Saliva + ClaCuPc 0.170 30.6 6 Yes (16) 1223
no KMnQ,
Saliva + ClaCuPc 0.226 30.5 4.5 Yes (16) 1343
+ KMnO,

Table no. I.1. — Results obtained from genetidyzes of biological samples mixed with phthalocyess.

Then the method was successfully applied to bicklgsamples (blood, saliva, epithelial
cells) fixed on dark blue denim. Tests were alsdopmed for the same types of samples fixed on
light blue denim, but with no great differencesvien the results obtained from the permanganate-
treated and non-permanganate-treated biologicaplesmprobably due to the low amount of denim
dye.

However, for epithelial cells fixed on light blueedm, it was noted that the failed
amplification according to Figure 1.3 was causgdwo factors: insufficient amount of DNA matrix
and the presence of inhibitors. In Figure 11.4. éhectropherograms corresponding to the biological
reference sample (successful amplification) aregeed for comparisons.
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Figure 11.3. - Electrophoregrams for the biologisample (epithelial cells) deposited on light biiemim, untreated with
KMnO,. Failed amplification of the sample: 4 false homozygous loci (markeekd), 4 heterozygous imbalance loci
(marked with violet), a drop-out allele (markedwifreen) and a stutter product with allele heigiirked with black) -
results that cannot be taken into consideratiofdA identification.
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Figure 11.4. - Electrophoregrams of the biologioaference sample, with a real and complete gepeatifile required for
comparisons.

In conclusion, the method of oxidation of PCR inhibitors in ttextile dye category with
potassium permanganate is effective; the inhibitffgct of textile dyes can be removed even by
conventional Chelex extraction, without furtherification steps, by oxidizing them with potassium
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permanganate simultaneously with DNA isolation. aBstum permanganate does not affect the
integrity of DNA molecules. The reduction of tegtidlye amount can be observed with the naked eye
through the disappearance of color in time. DNAgoet degrade if it stays longat 56° C. In
addition, potassium permanganate can be addedamddiy, with prolonged incubation time, until
the color of the supernatant containing the DNA enales disappears. This chelex / permanganate
system is more economically convenient and perhap® efficient for biological samples fixed on
textiles than other more expensive and longerdggtrocedures.
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