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Abstract
The aim of this papel' is to study the capacity of immunoglobulin commnation (IgA.'IgG and IgM) to prevent the
adhesion of sulphate reducing bacteria (SRB) (Desalfoyibrio yalgaris and Desalfoyibrio desaIraricans) on
carbon steel and stainless steel surfaces. An inl¡¡¡bitionof bacterial adh,esionw,asfound whe¡;¡immunoglobulins
solution was use to cover metal surfaces under different experimental conditions. Scanning electron microscopy
(SEM) was used to evaluate the inhibition of adhesion. Corrosion potential evolution vs time and
potentiodynamic runs Vlé"rel1sedto study the electrochemical behavior of the carbon and stainless steel in the
presence and the absence of the immunoglobulins coverage.

Keywords: biofilms, inhibition adhesion, immunoglobulins, stainless steel, carbon steel, sulphate-reducing
bacteria.

Introductio,n
Metal surfaces immersed in i:;'dustrialor natural aqueous Dlediumund.ergobiological and inorganic changes that
lead to biofilm formatioJ]andcorrosion respecti~d~~Y(Videla & Characklis, 1992).
The sequence of biological changes ~Chanicklis. 1981) is due to the irreversible adhesion types of
microorganisms: aeroJic and anaerobic bacteria, microalgae, fungi and protozoans on the metal substrata
throllghextracellular polymeric substances (EPS) productiol?l.
Among the methods commonly employed to p';2vent microbial adhesion to metals: mechanical cleaning.
chemical cleaning, blocides. coatings, cOffosioninhibitors, cathodic protection and biological substances can be
mentioned. It has been reported some quaternart.Yamine form a film on a substratum and inhihit the bacterial
attachment onto it (Pope & Skultety, 1995), inhibiting the formation of biofilm and subsequently retarding the
corrosion rate of that {i,etal(Ensi~n et al., 1983). Besides some inhibitors are capable of inhibiting the bacterial
attachment Ol the c<{¡¡ponsurfaces (Prasau, 1998).
It hasbeenrecently[.JblishedthaJsecretoryimmunoglobulinA (IgA)inhibitsPseanomonasaemginosabonding
to coroea through in vitf() experiment apd scanning electron microscopy (SEM) observation to quantitate
bacterial a(;herence (fl1asinick et al., 1997). The bacterial adhesion inhibitory actioll of IgA was found to be
concentration dependence. IgA is one of the five major c1asses of immunoglobulin in the human body. It is
present selectively in selO-muccus secretions as a dimer stabilized against proteolysis by combination with an
ot'1erprotein (the secretory compor:en.t)tbt has a single peptide chain of molecular weigbt 60.000 (Roitt, 1988).
The aim of this papel' is to study the capacity of immunoglobulins combination (IgA, IgG and IgM) to prevent
the adhesionof sulr1-tatereducingbacteria (SRB)Desalfoyibrio yalgaris and Desalroyiblio desalrllricanson
carbon steel and stainless steel surfaces.

Experimental
A mixed cultllre ofSRB cOJ)tainingDesplfoYibl'io yalga/is (D. YIIIgtlIis)and DeslIlfo'yibrio deslllrllricans (D.
deSIIIraricans) was used. $,RB\w~remaintai~eden PostgateB med~um(P.ostgate.1981)at 28°C in anaerobic
condition. The inoculum WD.Sprepared with9 mI of SRB cultures (7 days old) in liqllid Postgate C medium e
incubated iil an anaerobic jar. A commercial iJ;mnunoglobuJinssollltion (IgAbulin, Austria) was llsed and each
mi of the solutioTlc.u¡¡tained:c.a. 611mg of IgA, 3P mg of IgG and 2 mg of IgM, total protein (IOOmg) and
gl11cose(IOOmg) in a saJinesoluUim.O,rqasiOflaHy,1:100 arnd1:10aD di1l1tionsof immllnogloblllins sollltion
wele also lIsed to ch,erkif the inbibition capdcity was diminished by dilution.
Metal specitr 'ns llsed to assess mi"'FQhialbiofihi1s and electrochemical meHsuréments were SAE type 1020
carbon steel, AISI type 316 and AISI /'yr,e304 stainless steel. Metal samples wele immersed in BRS cultures.
lhey were restd eith~r without ill1nl~Il('~lol\J1inscc'~erage or after forming a film of immuneglohlllins
(exposing the.surfaces to imounogloblllins s(Jlu'fionf.oran hour) prior to the immersion in the bacterial culture.
The coverage "'.¡ascorrespoRdil'g tu 15~ld. After 15 day of incubation, bacterial biofiJms were removed from
meta}c( ,lpons by saaping and later pou¡¡edipto 10 mI of ~¡aCIisotonic solution. SRB cells were enumerated by
the dihttion to egtinction methe.din liquid Postg;J.teB medit.m. The experiments were made in trip1icate.Samples
were examined by scanning elr,ctron miclOscopy (SEM), using a JEOL JSMT 10J microscope. The rresence of
immllnoglobulins film adsorb¡ed to the metal surfaces was also verified by using an electron microprohe
(CAMECA SX 5(1).
To assess any effect of immunoglobulins on the electrochemical behavior of the metals tested, potenfiodynamic



runs at 0.003 V/s, corrosion potential e-,;oluti{Jnvs. time (for a period of 1 hs.) and linear polarization resistance
experiments (at +/- 0.010 V of the corrosion potential) were made with the two metals tested in this paper using
Postgate C medium + 3 % NaCI + abiotic or biQgenic 10 -4M Na2S,as electrolyte.

Results and discussion
Figure 1 showa biofilm on carbon steel of D. I'lTlg81jsand D. rleSI1/ftlljcansafter 15 days of exposure to the
bacterial cullure. The number of sessiJf population was in the order of 105cells/cm2for stainless steel and carbon

steel. Metal coupons, previously con~itioned with the immunoglobulin solution, revealed an imrortant decrease
in the number of attached bacteria (Figure 2) according to extinction method up to 102cells/cm for both steels.
These results are in agreement with a pre¡viousinvestigation made with Psel1rlomonasfll10rescens (Guiamet et
al., 1999). In this case, t~e effect of immunoglobulins solution on Psel1rlomonasfll10rescensbiofilms formation
revealed a decrease in the cells numbers (Guiamet el. al., 1999).
To deternlinate if the immunoglobuHnswere abl~ to affect the electrochemical behavior of the steels used in this
paper, several elecbochemical experimf;;tts V\leremade in the laboratory. For both steels, the pre-conditioned
samp!es showed a passive behavior region slightly more extended than non-treated coupons (Fig. 3). Similar
results were found in the case of Pseu¿'omonasfll10rescens(Videla el. al., 1998).
The evolutionof opencircuitpotentialof the differentsteelsin PostgateC medium+ 3% NaCl+ inorganicor
biogenic sulphate showed values more positive for samples with a coverage of immunoglobulins.

~

Conclusions
- The immunoglobulin solution coverage of stainless steel and carbon steel has been effective to prevent the
adherence of BRS cells to the metal surface un~r different experimental conditions (several immersion times,
different metallic substrata, various immunoglobulin dilutions).
-These results were in agreement to recent findings published in the literature that reporting the inhibition of
Psel1rlomonasfll10rescensadherence to the metal surfaces.
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Figurel: SEM micrograph of an SAE
(magnificationX

2'0cal&)onsteel sur'face afjteran exposureof15"day~ to a BRS cuIture
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Figure 2: SEM micrograpli'of arííSAE t020 carbon steel sUl"facewith a coverage of adsorbed immunoglobulins
after an exposure of 15 dajT,~sto a BRS cuIture (magnification X 3500).
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Figure 3: Potentiodynamic polarization curves of SAE 1020 carbon steel at 0.003 Vis in Postgate medium C +
3% NaCl + abiotic 104 M SNazwithout adsorbed immunoglobulins (o); with adsorbed immunoglobulins ( ) and
Postgate medium C + 3% NaCl + biogenic 10-4M SNaz without adsorbed immunoglobulins ( ); with adsorbed
immunoglobulins ( ).
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