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Measurement of bacterial adhesion to metal surfaces with different
chemical composition - evaluation of different methods
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ABSTRACT

In the current study attention has been focused on the
evaluation of different methods of measurement of bacterial
adhesion to the metal surfaces with different chemical
composition. The direct methods, which included determination
of the number of bacterial cells using fluorescence microscopy
and Colony Forming Units (CFU) on agar medium, and indirect
methods using Alamar Blue (AB) and MTT assays, were
evaluated. The chemical compositions of the metal surfaces
included: copper, iron, chromium and nickel. Interaction effects
of assay and metal compound have been specifically
demonstrated in this study. It was found that metal ions reacted
with components of the indirect colorimetric tests used in this

study (AB and MTT assay). Consequently, those tests gave
positive false results. In contrast to the indirect methods, direct
counting methods such as microscopy techniques and CFU
counting, were successfully applied for evaluation of bacterial
adhesion to the metal surfaces. However, considering the limits
for the surfaces of the examined samples for microscopy, the
determination of the CFU was found to be the best method for
testing the adhesion to metal surfaces. The method, combined
with the appropriate detachment procedures allowed for a
precise determination of the number of bacteria on the entire
surface of the evaluated metal samples.

INTRODUCTION

Bacterial adhesion to metal surfaces lead to biofdrmation,
biofouling and biocorrosion problems, which resuit
significant costs of cleaning and maintenance igireered
systems in industries (Beech and Sunner, 2004;s€oeind
Cloete, 2005; Sheng et al., 2008). Consideringntimaber of

anti-adhesive alloys are now considered as a taool f

preventing the adhesion of bacteria to metal sadado

develop these kind of materials, it is essentialptecisely

evaluate the bacterial adhesion to the metal sesfac
Although evaluation of bacterial adhesion is intaot

itself, a relative small number of techniques carubed in the
measurement of adhesion. These techniques are albt w
validated and there is lack of studies where thoethods are

industries negatively affected by bacterial adhesiad also
the increasing restrictions on the use of biocigesyention

of bacterial adhesion to metal surfaces seems ta geod
strategy (Garrett et al., 2008; Klemm et al., 2000Omar and
Anand, 1998). Current research concerning modiinabf
the surface properties, and characteristics of wemplex

compared to each other (Vesterlund et al., 2008%.0Ading
to Ofek and Doyle (1994) no experimental model hasn
developed that can be used to adequately evalaterial
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adhesion and biofilm formation, taking into accousit
interactions occurring between the bacteria andtinface
Bacterial adhesion can be analyzed by differenhoux.
The conventional methods such as microscopy teoksor
Colony Forming Units (CFU) counting and are cldsslifas
direct methods. These methods are simple and deeqatre
sophisticated instrumentation, so they can easilpdrformec
in most laboratories (Vesterlund et al., 2005). idwer, the)
are less ensitive and do not give information concerning
viability (Frioni et al., 2010)Spectrophotometry is one of t
most useful indirect methods for quantitative as@lywhich
can be applied for evaluation of bacterial adhegknoni et
al., 2010). here are several dyes that can be applied, su
crystal violet, safranin, congo red (Martin and A2000).
Additionally, tetrazolium salts and resazurin sodisalt car
be used to determine the cell viability of adheregits (An
and Friedman, 1997; |eerlund et al, 2005
Spectrophotometric methods are rapid, sensitivel, figh
throughput, but cannot be used when adhesion obaaierial
strain is studied in an environment where othertdsi are
present. In order to distinguish bacteria in a 1d population,
radiolabels (Ahearn et al, 2000; Jin et al, 19
fluorochromes (Bosch et al., 2003; Drudy et al.0P0Q or
bacteria-specific antbodies (Sanchez et al., 1993) can

MATERIALS

In this study 3 metal plates with different cherh
composition prepared according to the 1ISO 1456:2808
ISO 4525:2003 international standards were usedeir’
chemical compositions are shown in Table 1. Thendiar
andthickness of the metal plate used in this expertmeare
1 cm and 5 mm respectively (Figuds.
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used. Radiolabels are regarded as undesirablecdsafety
and cost oncerns. Fluorochromes are used to replace -
labels, but they may alter the surface propertfdsacteria ol
affect the viability of bacteria (Fuller et al., @T).

Since detection of bacterial adhesion to the netefhces
is important (e.g., inasearch of new complex e-adhesive
alloys), much more studies should be done whererdiit
methods are evaluated. Because of complicatedre- and
physicochemical characteristics of metal surfacdse
evaluation of the degree of bacteria adhesin be difficult.
Therefore, in the current study attention has Heensed or
the evaluation of different methods of measuremeh
bacterial adhesion to the metal surfaces with wfft
chemical composition. The direct methods which uded
bacterial cls counting using fluorescence microscopy
Colony Forming Units counting on agar medium, amdiriect
methods using Alamar Blue (AB) and MTT assays, Wtdce
based on the determination of the metabolic agtivf
adhered cells, were evaluated. Thiemical compositions of
the metal surfaces included: copper, iron, chromiand
nickel. Metals composed of these elements are antioa
most widespread in industry, due to the fact thntytare
readily available, relatively cheap, but also protsurface
against corrosion and biocorrosion (Beech and Su2664)

Prior the experiment metal plates were washed irater
with detergent in an ultrasonic cleaner for 15 nand the
were soaked for 15 min in 70% enol. After rinsing in
sterile distilled water the plates were dried in tidiation

Table 1. Thechemical composition othe metal plates used for examinations

Basis . Minimum plating
No. metal Plating type Grade thickness (um) Symbol
1. Steel copper plating 1 0.3 of copper Fe/Cu
2. Steel nickel chrome platin 3 10 of nickel, 0.3 Fe/Nib10Cr
of chrome
3. Steel coppenickel plating 2 5 and 10 of nickel, 10 Fe/NI5CULONib10
of copper

Figure 1. Metal plates:Fe/Cu, Fe/Nib10Cr, Fe/Ni5CulONibl0respectively.
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METHODS
Bacterial adhesion

All analysis were performed usin§taphylococcus aureus
ATCC (American Type Culture Collection) 6538. Pritre

After the adhesion process, the metal plates waghad with
PBS to removed non-adherent bacteria calls andftrard to
new sterile 12 - wells culture plate. Then, 1 mLR&S and

experimentS. aureus was incubated for 24 h at 370C in the 100 L of AB assay (AlamarBlue® Cell Viability Reage

Brain Heart Infusion (BHI) broth medium (BioMaxima,

Poland). In the next step, bacterial cells fromt4ultures
were separated by centrifugation for 20 min at 3.30g,
washed and suspended in phosphate buffered s&iB8, (
Sigma-Aldrich, Germany) to obtain bacteria concatitin
equals 2°McFerland (DEN-1, BIOSAN,
Subsequently, metal plates were transferred tdlestgp -
wells culture plate (Becton Dickinson and Co., USkd 1
mL of bacterial suspension was added to each Wed.plates

Latvia).

Invitrogen Life Technologies, Belgium) was addedeTnetal
plates were incubated at 37°C for 1 h. After in¢idma200

pL of obtained bacterial suspension was transferoe€l6 -
well plate (Becton Dickinson and Co, USA). The absoce
was measured using microplate reader (Tecan lafinit
NanoQuant M200 Absorbance Microplate Reader,
Switzerland) at wavelength of 570 nm and reference
wavelength of 600 nm. The positive control (PC) weas
suspension of bacteria used for the adhesion. &helts of

were incubated for 3 h at 25°C (Galaxy R PLUS CO2ABl are given as a correction factor: RO, which was

Incubators, RS Biotech, UK). After incubation mepdates

were used in the assays described below (the amthesiWhere: AOLW =

procedure was the same regardless the test pedprme
Direct methods

Fluorescence microscopy

After incubation metal plates were washed threesiin PBS
and dried fixed with methanol and stained with @1
acridine orange (AO) solution for 2 min. The numlur
bacteria cells attached to the metal plates weresiigated by
fluorescence microscope under magnification of ¥0g@ield
of view 0.08 mm). The results are presented asntkean
number of bacteria adhered to the metal plates.

Plate counting method

After incubation metal plates were transferred 20-1wells
culture plate. Then, to each wells 1 mL of 0.2% osép
solution was added, and the plate was shaken faniB0in
room temperature (Amersham, UK). In a further stagjal
dilutions of bacterial suspensions obtained aftetking was
perform. The number of adhered cells was determimgd
performing quantitative plating on Petri dishes tadring
BHI agar medium, which next was incubated for 2 B7°C
(Galaxy R PLUS CO2 Incubators, RS Biotech, UK). eAft
incubation, the grown colonies were counted andntimaber

of Colony Forming Units (CFU) per 1 mL, taking into

account the volume of buffer used for making baater
suspension and the volume of suspension addedet®etri
dishes, were determined. To confirm complete detect of
all the bacterial cells from the metal plates, ra$teaken metal
plates with 0.2% saponin solution, there were dnsePBS
and then flooded with BHI medium agar at temp°Gtand
then incubated at 8 for 24 h an incubator.

Indirect methods

Alamar Blue assay
Alamar Blue (AB) assay was performed in two diffdre

calculates by formula: RO = AOLW / AOHW

absorbance of oxidized form at lower
wavelength; AOHW = absorbance of oxidized form ighkr
wavelength.

AB2

After the adhesion process, 200 pL of bacteriapsnosion
from each well were transferred to 96 - well platel 20 pL
of AB was added. The plates were incubated forat 87°C.
The absorbance was measured in the same way asbddsc
for AB1.

The MTT assay

The MTT assay was done as previously described by
Walencka et al. (2006) with slight modificationgm8arly, to

the AB assay, the MTT assay was also performedwim t
modifications (designated as MTT1 and MTT2).

MTT1

The metal plates were transferred to sterile 12Hsnculture
plate. In the next step, 1 mL of PBS and 100 L €#3-
Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium brode
(MTT) solution (3 mg/mL in PBS, Sigma-Aldrich, Geany)
were added to each well. The plate was incubat&d 4t for

1 h. Then, 1 mL of isopropanol (Sigma-Aldrich, Gany)
was added to each well, and the plates were vigtyainaken
for 15 min. The amount of MTT formazan formed dgrihe
incubation was measured at a wavelength of 540 nch a
reference wavelength of 630 nm in 96 - well platéth 200
pL of each sample using microplate reader (Tecdimite
NanoQuant M200 Absorbance Microplate Reader,
Switzerland).

MTT2

After adhesion, 100 pL of bacterial suspension femoh well
was transferred to 96-well plate, and supplememigd 10
pL of MTT solution. The plates were incubated foih lat
37°C. In the next step, 100 pL of isopropanol wddea to
each well, and the plates were vigorously shakerifomin.

modifications: AB1 - which determined the number of The amount of MTT formazan formed during the indidoa

bacteria adhered to metals plates; AB2 - whichrdeted the
number of non-adhered bacteria that remain in sispe as
planktonic form.

AB1

was measured in the same way as described for M$34dy.

Statistical analysis
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Data are presented as the means * standard erfrdi®® 0 method was analyzed using Pearson's correlatioffiaiest.
means (SEM) calculated from at least 5 measuremé&hts A two-tailed analysis was conducted dPdalue of less than
statistical ~ significance of the differences between0.05 was considered statistically significant. Tdtatistical
experimental and control samples were analyzedtbge®t's analyses were conducted with Statistica 9.0 (StgtBoland).
t test. The relationship between result obtained with all

RESULTS

Direct methods

Fluorescence microscopy was used to determine uhgber  staining of all bacterial cells. It was observdwttin the case
of adhere bacteria cells to the surface of the Im@ttes. of samples with irregular surface, AO used for rétaj,

Example of the image which was taken using therlscence accumulated in the grooves and crevices of metaleg)
microscope was shown in Figure 2. The acridine @egAO)  which greatly impeded the counting (Figure 2C).

staining procedure used in this study allowed fomplete

Figure 2. Staphylococcus aureus adhered to the metal plates: A) Fe/Cu, B) Fe/Nib1y, C) Fe/Ni5Cul0Nib10.

A)
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B)
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Microscopy does not give information regarding tluenber  taking into account the volume of buffer used faking
of bacteria on the edge of the metal plates. Thegethe total  pacterial suspension and the volume of suspensideckto

pumber of adhere bacteria cells, which was estadionly  ihe petri dishes (Table 2). Results obtained tHiqlate
indirectly, only covers the surface area of théquTable 2). counting method were consistent with the resultaiobd
The number of adhered cells was also determined . .

with the fluorescence microscope.

byperforming quantitative plating of CFU on Petistes,

Table 2. Number of bacterial cells adhered to the etal plates.

No. Fluorescence microscope Plate counting method
1. 83*10" + 217 120*10+ 12

2. 27*10 + 33 97*10°+ 9

3. 30*10" + 27 85*10°+ 13

Data are presented as mean numbeof adhered cellst standard error of the mean (SEM) calculated from three
repetitions of the experiment; a - statistically sinificant difference between the number of adheredells to the metal plate
no. 1 and 2; b - statistically significant differerce between the number of adhered cells to the metplate no. 2 and 3; ¢ -
statistically significant difference between the nmber of adhered cells to the metal plate no. 1 and; d - statistically
significant difference between the number of adhercells determined using fluorescence microscope @plate counting
method. P value less than 0.05 was considered statisticaflignificant.

Indirect methods

AB1 determine the number of viable cells adheredh® case of results obtained for metal plate no. 1G&E/As a
metal plates. Results of the present study showstfceng  modification of the AB assay AB2 was also performéHe
interaction of all metal plates with the dye. Thesabance of AB2 determinated the number of bacteria remainimghie
blank (metal plates incubated in PBS instead oftdset  suspension, which were not adhere to the metaleglat
suspension) was close or higher than absorbantg@ssitive  However, in case of the AB2 strong interaction & Assay
control (Table 3). The strongest reactivity wasesled in the  with metal plates was also observed.

Table 3. Correction factor (R,) for Alamar Blue assay.

N AB 1 AB 2

° Blank Sample Blank Sample
1. 0.932 1.212 0.804 0.730
2. 0.557 0.794 0.425 0.570
3. 0.734 0.881 0.644 0.739
PC 0.811

Data are presented as mean correction factor (). As blank, PBS incubated with metal plates insteh of bacterial
suspension was used. The positive control (PC) caihsted a suspension of bacteria used for the adhies.

In case of MTT1 also strong interaction of metiakgs with  observed. The results obtained with this test albwto
the dye was observed. The absorbance obtained inlMife  determine the number of bacteria adhered to tHaciof the
shown in Table 4. The strongest interaction was alsserved metal plates by comparison to a standard formazawmec
in the case of results obtained for metal plateln@e/Cu). In  derived by adding MTT to known concentrations o€teaa
MTT2, the reactivity of metal plates with dye wastn (Table 5).

Table 4.The values of absorbance obtained in the MTT assay.

No. MTT 1 MTT 2

Blank Sample Blank Sample
1. 1.429 1.346 0.059 1.718
2. 0.859 1.310 0.052 0.994
3. 1.012 1.328 0.056 1.361
PC 0.457

Data are presented as mean absorbance. As blank, 8Bncubated with metal plates instead of bacteriatuspension was
used. The positive control (PC) constituted a suspsion of bacteria used for the adhesion.
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Table 5. Number of bacteria adhered to the metal jpltes.

No. MTT2 assay
1. 96*10" + 33
2. 59*10' + 23
3. 63*10" + 34

Data are presented as mean numbeof adhered cells +

standard errorof the mean (SEM) calculated from three

repetitions of the experiment; a - statistically ginificant difference between the number of adherecells to the metal
plates no. 1 and 2; b - statistically significant dference between the number of adhered cells to ¢hmetal plates no. 2 and
3; ¢ - statistically significant difference betweerthe number of adhered cells to the metal plates nd and 3.P value less

than 0.05 was considered statistically significant.

The relationship between result obtained with natithod
was analyzed using Pearson's correlation coeffigj€able
6.). There was a high correlation between microscnmd the
plate counting method (r =

0.8311, P < 0.05) and thand MTT (r =

correlation was statistically significant. Statisii analysis
revealed a negative correlation between plate aoyntethod
and MTT (r = -0.6118, P < 0.05), and between mizops
-0.5989, P < 0.05, R2=0.3576).

Table 6. Peterson’s correlation coefficient betweenesults obtained in fluorescence microscope, plateounting method

and MTT2.

Fluorescence microscope vs. plate

Fluorescence microscope

Plate counting method vs. MTT

counting method vs. MTT
) correlation ) correlation 5 correlation
R P value* o R P value* o R P value* o
coefficient [r] coefficient [r] coefficient [r]
0.84 0.0001 0.9178 0.36 0.0186 -0.5979 0.48 0.0154 -0.6118

*P value according to the Student’s t testP value less than 0.05 was considered statistica#lignificant.

DISCUSSION

Bacterial adhesion onto metal surfaces is of ingraré in a
wide spectrum of problems in various industrial laggions.
One of the solutions of those problems is searctant-
adhesive materials that can delay or completelyidatioe
adhesion of microorganisms. However, proper assassof
the bacterial adhesion to the metal surfaces cadiffieult
because of the physicochemical properties of n{Siaéng et
al., 2008). Therefore, in the current study attenthas been
focused on the evaluation of different
measurement of bacterial adhesion to the metahsesfwith
different chemical composition. The following metisowere
analyzed: direct method which included bacteriallsce
counting using fluorescence microscopy and CFU tingron
agar medium, and indirect methods using Alamar BAR)
and MTT assays.

Microscopy techniques including light, fluorescenc
scanning, electron microscope, and atomic forceas@ope
are suitable for the investigation of bacterialesibn (An and
Friedman, 1997). Light microscope is applied toerhe and
enumerate bacteria in translucent surfaces andllystias
preceded by staining the bacteria with dyes, siclGam
stain and crystal violet (Frioni et al., 2010). Hawer, this
method provides no information on the actual numbkr
living bacteria and therefore it is less usefulei@luate the
anti-adhesive efficacy of antimicrobial substan®antanella
et al., 2010).

In the current study the fluorescence microscopg wsed
to evaluate bacterial adhesion. The method is tdaitéor
assessment of bacterial adhesion on smooth anduepaq
surfaces, e.g. metal, plastic, or ceramic surfa@es and
Friedman, 1997). Acridine orange, used in this wtud a
sensitive dye for staining living bacteria cellheTmethod is
inexpensive and easy to perform. However, roughnésse
tested surfaces is here particularly importanivds observed

methods ofthat bacteria cells or the dye may accumulate engtooves

and crevices in case of samples with irregularases. This
may impede determination of the number of adheeedebia.
Additionally, roughness can be cause of uneven sadheon
the surfaces of the metal plates (An and Friednm&97),
which explains high variation of the results. Altigh, this
method is laborious and time consuming, still i® @f the
most used techniques to evaluated bacterial adhesio
(Vesterlund et al., 2005).

Colony Forming Units counting is another directtinoel,
which is simple and do not requires additional ezag or
equipment. However, the method is time-consumind) ean
be less useful, when many plates have to be entedera
(Pantanella et al., 2013). The greatest difficultyhis method
is the selection of an appropriate dilution, whgtould take
into account the type of bacteria and the sizéeif tcolonies.
This is particularly important in the case of mixadtures of
bacteria, because the adjacent or overlapping @&donf
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different bacteria can stimulate or inhibit the gtio of other
microorganisms (An and Friedman, 1997).
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In addition, Wataha et al. (1993) point out tha metal
ions may penetrate into the medium and could mmed by

Another weak point of the method is the detachmenthe cells during the incubation period, which cdfed the

procedure. A soft and non-invasive detachment phoee
does not ensure a complete detachment of all tloterial

cells. Moreover, the detached bacteria appear gregates of
different size and not as independent cells, tloeeethe
relative CFU counting show a very high standardiat&n

value as an index of low reliability (Frioni et,&2010). In our
study, it was confirmed, that used procedure alloarsplete
detachment of all the bacterial cells from the fnplates. In
addition, compare to fluorescence microscope, ththad let
to specify the number of cells that adhered to émére

surfaces of the metal plate. Results obtained u€id)

counting method were reliable, reproducible andissteally

significantly correlated with the results from ttheorescence
microscope correlation coefficient equals 0.945.

In our study two indirect methods were evalua#8:and
MTT assay. AB is a fluorescent reduction oxidatiodicator
that responds quantitatively to the viable cellak{sn et al.,
2011). Its main component is resazurin, which rieviersibly
reduced to pink resorufin by viable cells. Resazisi easily
soluble in water, which eliminates the addition&ps of
dissolution, as in the case of MTT reduction basexthod.
Due to the fact that AB it is extremely stable, fioric to the
cells and sensitive, this test has been consideupérior to
classical tests for cell viability (Fields and Laster, 1993). It
was proved that resazurin-based assay can be sézb far
assessment of bacterial adhesion and biofilms dication
(Peeters et al., 2008b; Sakum et al., 2011). Fioerd assay
based on resazurin was also used for detectiorctivity of
disinfectants against bacterial biofilm (Mariscaik, 2009).

The 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-2H-
tetrazolium bromide (MTT) assay measures cell \itgbin
terms of reductive activity as enzymatic conversanthe
tetrazolium compound to water insoluble formazarstals by
dehydrogenases occurring in the mitochondria ofigivcells
(Walencka et al., 2008). MTT assay is standard austhused
to assess cytotoxicity of compounds, determinirggrthmber
of bacteria and different kind of cells and als@®t@luate the
degree of adhesion (Hamid et al., 2004, Walenckalet
2008).

There is a number of factors that can affectsbesitivity
and accuracy of the metabolic assays, e.g. pH,deglbity,
incubation temperature, chemical interactions betwé¢he

results. This can explain why in case of blank (rBSibated
with metal plates instead of bacterial suspensiofB2, the
strong interaction of metal ions with assay comptsievas
observed. In the case of MTT2 the interaction ofan®ns
with assay components was not observed. This majubeo
a higher sensitivity of AB compared to MTT assayfiid et
al., 2004; Patel et al., 2013). The MTT2 modifioatallowed
to determine the number of bacteria adhered tontle¢al
plates. However, there was no correlation betweeRT M
fluorescence microscopy method and CFU countingaiitbe
assumed that the presence of ions in the mediund ediect
the high side results obtained in case of AB andiMT

The chemical compositions of the tested metal eplat
included: copper, iron, chromium and nickel. Theorsgest
reactivity with both assays was observed in the edsnetal
plates contained Fe/Cu. The weaker reactivity with and
MTT assay components was observed in the case eof th
sample no. 2 (Fe/Nib10Cr), which, compared totiee other
metal plates, did not included copper in its contpms This
is consistent with previous reports from Rudzoklet(2011)
who demonstrated adverse effects in present obCMTT.

Although several tests are available for evaluatiof
bacterial adhesion, their applicability can be fedi by the
physicochemical properties of the metal surfacesgaRding
the experimental methods, there is no standard adeth
available for the study of microbial adhesion oe tmetal
surfaces. Results of our study showed, that mete feacted
with components of the indirect colorimetric tegéed in this
study (AB and MTT assay). Consequently, those tgats
positive false results. Since the application of aRd MTT
assays used for evaluation of adhesion and bidfihmation
on the metal surfaces is increasingly growing, &icat
examination of their advantages and limitationguistified.
Negative and positive controls must be empirically
determined to ensure that there are no non-specific
interactions with assay chemistry which would resial
artifacts or false positive signals (Rampersad 0201

Except to AB and MTT assay, also other Direct icmat
method, including microscopy techniques and CFUnting,
were successfully applied for evaluation of baetesidhesion
to the metal surfaces. Both methods showed higteledions.
However, considering the limits for the surfaces tbe

media components, test compound and assay chemistigxamined samples for microscopy, the determinatibthe
dosage and exposure time to the test compound, te€fU was found to be the best method for testingatiteesion

compound and assay

reagent stability for time-@ursto metal surfaces. The method, combined with the@piate

monitoring. (Rampersad, 2010). As reported by s#ver detachment procedures allowed for a precise datetion of

authors, there are a number of substances whichemiagnce
or decrease the reduction of AB and MTT assayudtiog in
particular substances having reducing ability aad affect
the metabolic activity of the cells (Maioli et al2009;
Mariscal et al., 2009; O’Brien et al., 2000; Sinmsl&Plattner,
2009). Based on literature review, research commgrthe
interaction of the cell viability assays with metdloys has
not been performed yet. Although, the results ef pinesent
study showed that the metal ions interact with comgmts of
the dye (AB and MTT assay). According to Watahaalet

the number of bacteria on the entire surface ofetfeuated
metal samples.

The physicochemical properties of metal surfatesisl be
taken into account while method for evaluation atterial
adhesion is selected. It was showed, that appicatf
indirect colorimetric tests such as AB and MTT assan be
limited because of the interaction effects of tlesay and
metal compound. Although, direct counting methodshsas
microscopy techniques and CFU counting method aseem
laborious and time consuming, both were succegsépplied

(1993) presence of metals can cause no non-speciffor evaluation of bacterial adhesion to the matafexes.

interactions with assay chemistry which resultalsé positive
signals.
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