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Abstract

This work aims to characterize 4 groups of
samples through SEM and AFM in order to
show how these 2 1echniques are
complementary. The group 1 consists of
polypropylene spheres used in down flow
anaerobic  fluidized bed reactor. Group 2,
polypropylene and silicone lenses that were
immersed in specific broth. Group 3, metallic
samples formerly used in electrochemical
process in a media of organic compounds of
complex chemical structure. Finally, group 4
consists of Brazilian clay also formerly
submitted to a copper extraction. Both
techniques have shown that they are excellent
ools to observe differences in bacteria
morphology with or without biofilm.

Keywords: AFM, bacteria, stainless steel, clays,
anaerobic reactor.

introduction

Spectroscopic lechniques as Alomic Force Microscopy
(AFM) and Scanning Electron Microscopy (SEM) are
effective tools 1o evaluate the effect of the environment in
any solid surfaces. Furthermore. if they are used
separately some information can be lost. They are helpful
10 characterize different mateqals. for instance, biofilm
formed over polymers used for manufacluring contact
lenses. Furthermore these techniques allow the eviluation
of viher solid malterials such as: stainless steel and clay.
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Although AFM is a very recent technique (4), it has
guickly spreaded throughout many fields of science
(7,8.9,12) due to its high versarility when used on
difterent surfaces. The AFM can also record the force (el
by the cantilever as (he probe tip is brought close to u
sample surface and then pulled away, as well as when it's
indented into the sample. This operation mode can be used
to measure the long range of attraction ar repulsive forces
between the probe tip and the sample surface, elucidating
local chemical and mechanical properties, hke adbesion
and elasticity. The foree curves (Yorce x distance) typically
show the deflection of the frec end of the AFM cantilever
as the tixed end of the cantilever is brought vertically
towards and then away from the sample sutrface.
Experimentally, this is done by applying a 1iangle-wave
voltage pattern 10 the electrodes at the z-axis xcanner. This
makes the scanner (0 expand and then contract in (he
vertical direction. generating relalive motion between the
cantilever and sample. The deflecton of the free end of
the cantilever is measured and plotted through points as
the z-axis scanner extends the cantilever towards the
surface and then retracts it again. By controlling the
amplitude and frequency of the triangle-wave voltage
patter, the researcher can vary the distance and speed that
the AFM candlever tip travels during the force
measurement. AFM has become an essential microscopic
technique, widely used in different sciences from physics
to biology, although its use in the last one is rure. AFM
ullows samples to be observed withoul any surface
trealment, being able 1o obtain  complementary
information in real situations withoul interferences or
artifacts. Since the sample do not need to be electrically
conduclive. no metallic coating is required as it is in SEM.
In the same way. no dehydration of the sample s
necessary and so biofilm may be observed in s hydrated
stale (1,6). Using AFM, some technical wouble may arise
when the surtace is scanned beneath a sharp tip connected
4 canilever in a contact mode. 11 is common that
surfaces gets scratched becavse the cantilever, sometines,
touches it in a contact mode, during the imaging
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acquixition xtep. On the other hand vusing SEM. the pre-
treatment of the samplex is essential 1o allow a clear
observation of surfacex in spite of causing xome physical
alteratton. In the case of bacteria observation or any other
nicroorgantsm, the vacuum obtained fromy the elecuron
column of SEM cun proveke morphological alterations.
AFM has several major advantages over SEM but they are
definitely complementary.

Materials and Methods

Each experiment used samples with ditferent chemical
composition and assayed in different aqueous solutions,
sometimes with microorganisms. The samples followed
wdentical procedure in order to be observed in SEM. Thys
refers to the case for bacteriz when fixation and
dehydration are needed (5.11). When the samples were
unalyzed m AFM  dehvdratation  process was  nat
necessary. In the following section an explanation of each
experimental procedure is presented.

a) Expenments in down flow anacrobic fluidized bed
reactor: A 35 liters down flow anacrobic fluidized bed
reactor was destgned and covstructed using polypropylene
with dp = 4 mm ax a biomass support material. The
reactor wis formed by (wo acrylic colupms with 0.15 m
diameter and 2.0 m height. Expansion was obtained by
recveling the ligutd phase a1 35°C, The process started up
using 10% v/v ot shudge from a bench scale UASB
reactor. fed with sucroxe and similar nutrients. The
experiments were run for about 65 days and inoculation
was repeated every week 1o ensure (he presence of
methanogenic bhacrevia. The biofilm development was
monitored using Scanning electron microscopy (SEM).
Samples were taken ouf every 48-h and prepared for SEM
fixing them in glutaraldehyde and then dried in ethanol
increasing % serie, as described by Englent (5). The same
procedure was applied 1o all samples evaluated by SEM.
Some more imporant parameters for the  biofilm
formation were also evaluated such as volatile organic
acids  production, alkalinity, COD removal. redox
potential. pH and gas composition. The synthetic substrate
was a solution of sucrose and nutrients having COD
varying from 770 o t400 mgl' O, All analytic
procedures were donc according to Standard Methods
(10).

b) Biofilm production in
(PMMA) and silicone contact lenses. }
In vibo experiments of ocular bacleria extracted from
patients with calaract were evaluated. Biofilm production
in polypropylene and silicone intraocular lenses with dp
15 and 10 mm respectively were immersed in laboratory
during 48 hours. Bacteria such as Staphylococens anreus,
Staphylococcus epidermidis and Pseudomonas
aeruginosa, characterized in laboratory, were used in virro
experiments and all of them were incubated n specific
broth media. Biofilm formation and adhesion bacteria
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polymethylmethacrylate-

were obseyved by SEM and AFM while dehydration was
done as described elsewhere (5).

¢) Elecirochemical experiments with platinum and
stimnless steed in organic solutions.Platinum samples with
~2r=0.06 ¢m and stainless steel with an area of 0.001Scm”
were used as elecrrochemica) coupons. Surface finishing
reatment was obtained after grinding samples with sand
paper from #280 ro #600 and fnally polished with
alwming (4pm). Al samples had electric contact through
copper wire. Saturated Calomel Electrode was the
reference  electrode  and  platioum  wire  was  the
counterelecirode. The  potentiodynamic  results  were
obtained uxing a potentiostat G&G model 275A al
quiescent conditions. The experiments were triplicate and
started up at =1V untt) +1V (50 mV/s rate) and the resules
were analyzed with an appropriste software. Electrolytic
solutions used were: 0.25% NaCl as blank solution, 0.25%
NaCl + 200 ppm  glucoronic acid, 0.25% NaCl + 200
polygalacturonic acid; 0.25% NaCl + 200 glucose, 0.25%
NaCl + 200 ppm d-galactose: 0.25% NaCl + 200 ppm
albumin and 0.25% NaCl + 200 glucosamine. The
planktonic EPS wax obtained in the same way as
previousiy  published (6) contatning  0.25%  NuaCl.
Measurements of electrolytic conductivity and pH are
shown in Table 1.

Table | Conductivity and pH of used solutiuns.

Concentration (ppm) ! Conductivi pH
v (US/em) |

A 0.25% NaCl 5510 10

A+200  glucoronic 56006 3.2
acid

A+200polygalacturo 4230 3
nic |

acid o |

A +200 glucose [ 4850 7.0
- A+200 albumin 4580 6.3

A+ 200 3770 54
glucosamine ]

A+ 200 (D4 4300 5.3
galactose _

A+ EPS | 4200 6.6

d) Meralhc ion extraction.

Clays were treated in order to evaluate the copper ion
uptaking from synthetic aqueous solution with organic
compounds such as: Ethylenediamine — ET - (C:iHgN,)
and 1-1 Oriophenanthroline — OP - (C-HgN:+.H-0). The
solid adsorbent oblained were numed ETIL and FENAN
clays respectively, forms piled organically. Contact mode
AFM version wax used to meaxure forces between
swrfaces with a silicon nitnde tip without coating material.
The goal of this par of the work is (0 measure relative
force-distance in order (0 compare the same substrate with
two organic extractors used 10 calch metallic ions.
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Samples clays were prepared according 1o the tollowing
process. Bentanite named BRASGEL. v an indusirial
Brazilian Na'™ bentonite. from Campina Grande -Paraiba,
Brazil. The preparation of piled bentonrees (PB) was done
in two steps. First: hy suspending Na'™ bentonites in
detonized waler m a 1:60 clay:water ratios, containing 3
mtq of the replacing cation (Ca™™ in the chioride form)
per aram of clay: the sohd imaterials obtained were named

BENTOCAL. The xecond step wus carried  out
intercaluting  some  organic  compounds i the

BENTOCAL clays adding the reagent af the concentration
of 1.5 mEq per gram of clay.

Discussion

Polypropylenc spheres used as a support in down fluidized
bed reactor showed a biofilm formution and adhesion
bacteria (Figure 1), Imaging with SEM detected the
biofilm growth apd the atached hacteria. However the
biofilm shrinking due o dehydration process may cause a
misinterpretation ol results. When using AFM his
inconvenience does not happen. Polvpropylene spheres
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Figure 1.Spheres Polypropilene with hacteria adhered

usually have high roughness due to their manvfactering
process and it probably aids the bacieria adhesion. The
btofilny production reinforce the bacteria settfentent and so
the extraction of undesired compounds. It is also possible
thitt a decrease in 1he roughness value, due o biofum.
could wid other microorganising to settle. From the
electrochemical viewpoint, it is necessary (o consider that
the adsorption of organic species interfere in the metatiic
dissolution mechanisms. 1t implicates directly on the
cogrosion mechanisms because the organic (1lm may
interfere sn the ions movement catching them on the
metallic surface, As a result of this, there is a direct
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interference in the rate covrosion values, Compounds as
atbumin, sucrose, glucose, and others. may be produced in
microoreamsin’s cultore, 3t s already known that a bad
cleaning of stainless steel surfaces is crucial to bacleria
adhesion, particularly m food industry (3) and this could
be due to the organic compeunds which helps bactena o
adhere on surfuces. AFM helps 10 observe the tirst stages
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Figure 2. Polymethylmetacrilate surfaces with  biofilim and
Staphylococcus aureus.

of the biofilm (ormation after the asseilement of an
organic film. In the case of  bacteria adhered on
polvpropylene and sihcone ocular lenses. it quickly
grows. Since lenses have a small size, it is easier 1o adapt
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Figure 3. Force calibration curve over clay surface.

them in order to be observed in AFM. und f any  infection
occwrs it may be detected quickly (Figures 2 and 4). The
force version mode in AFM muay help to discuss some
mechanistic effect on clayx, In the case of wsing different
arganic extractors the remotion of metallic sons chunge.
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Figure 3 shaws the typical graph Force » distance, in which
can be seen the Liace-retrace movemment of microprobe over a
particular sample, In this speaific case the graphic clearly
shows the relationship belween the set point and the
deflection of the cantilever. As the set poinc defines the value
of he signal detlection maintuned by the leedback loop. the
force curve can be used to calculiate the nominal contact force
of the tip on the bentonite sample. The force curve represents
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Figure 4 Bacterial distribution on silicon surface after
organic extraction

the dellection signal for each complete tace-retrace cvele of
the piezo. In point g, the cantilever is not deflected. but due o
atractive forces between the tip and the bentomte surface, the
up sticks to the sample, and the cantidever is pulled down as
the piczo continues to retract. Evemually. the spring force of
the bent cantilever overcomes the atractive forces, and the
cantilever quickly returns to its pon-deflected. non-contact
position. This is represenied by point ¢ on the figure. In poimt
b. the spring force of the canrilever equals the amraclive
forces between (he tip and the BRASGEL's surface. The
examinauon of  the graphic proved to be useful in
determnining the superficial characterislics and this curve
represents a typical large adhesion curve and a hard surface.
Some other force calibration plotswith the same behaviour
that the BRASGEL curve, were made for another kind of
bentonite samples and the resulting contact force was
caleulated, The values calculated are the followings: Bare
bentonite (BRASGEL] showed a superficial contact force
about 1.l nN but after homeionic smdies this value
increased to 39.7 aN. It is imporiant 1o point out that after
orgame compound intercaation, the resulting coniact force
showed a significant reduction, and  different values between
the OP and ET compounds were found. about 10 and 5.3 nN
respectively. The results in more detatls are presented
elsewhere (4). As a final conclusion AFM techniques show
(o be a usefid tool to expluin imeractions between solid
surfaces. [f it is compared with SEM technique il is
impossible to  disassociate one from the other. Bath
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techniques are camplementary tools to help researchers when
bigh resolution it is necessary to imaging detall in greal
magnifications. In this work the size of bacieria, biofilm
tormation, organic  adsorption  lendency and the  force
calculations helped to deternine the probable beginning of
infections over ocular lenses. The use of polvmer to grow
bofiim  and  nucroorganisms  alds to remove  undesired
materials from aqueous solutions. 10 wis observed  that
differcnt organic compounds may inluence mechanism of
corrosion. Finally, the calculus of force may indicaie the
possibility © know the tendency of different compounds o
increase the extraction of metallic ions.
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