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Co-evoluzione nella 
biosfera primordiale 

I microrganismi resistono ai metalli pesanti 

Exposure of the untreated and enzyme-treated cells to
Cd typically resulted only in subtle changes to the FTIR
spectra compared to the Cd-free samples. For both un-
treated and enzyme-treated samples that were exposed to
Cd, there was greater variability amongst the ten spectra
collected than was observed for the Cd-free biomass sam-
ples. The greater variability in the spectra collected suggests
greater sample heterogeneity and may indicate preferential

binding of Cd to specific sites/localized conditions. Of the
ten spots analyzed for Cd-exposed untreated cells, eight
spots exhibited similar spectra, represented by spectrum
(b) in Fig. 5, and two spots exhibited spectra represented
by spectrum (c). Of the ten spots analyzed for Cd-reacted
enzyme-treated cells, nine spots exhibited spectra repre-
sented by spectrum (e), and one sample spot yielded a
different spectrum, shown by spectrum (f).

Functional groups that absorb in the energy region 950–
1150 cm!1 include the PO2

! (asymmetric and symmetric
stretching), CAOH and CAC groups of alcohols and poly-
saccharides (Jiang et al., 2004), and CAOAP and CAOAC
groups (Eboigbodin and Biggs, 2008). Bands associated
with these groups overlap extensively in this region, making
peak assignment difficult. Spectra (a) and (d) in Fig. 5 (the
treated and untreated Cd-free samples) exhibit a peak at
1087 cm!1, which has been assigned to the P@O stretch.
For two of the sampled locations in the untreated sample
and for one of the sampled locations in the treated sample,
exposure to Cd significantly alters this peak. In the
untreated sample, two sampled locations (spectrum (c),
Fig. 5) exhibited a peak shift in this region to "1058
cm!1 and a significant broadening of the peak region. In
the enzyme-treated sample, this peak shift was not observed
with exposure to Cd (spectra (e) and (f), Fig. 5), but a sim-
ilar peak broadening was observed at one of the sampled
locations [spectrum (f)]. These changes suggest that, at
these locations, Cd is complexed directly with phosphoryl
and polysaccharide groups.

The majority of the Cd-exposed samples did not show
the dramatic changes observed in spectra (c) and (f) at
1087 cm!1. However, the presence of Cd did affect the peak
shape and intensity between treated and untreated cells
(Fig. 6). With these samples, we typically observed a slight
shift in position of the band at 1087 cm!1 to lower energy.
In the untreated and enzyme-treated cells, this band is
reproducibly positioned at 1087 cm!1 (untreated: 1087.1 ±
1.05 cm!1; enzyme 1087 ± 1.7 cm!1), but is shifted to 1084
(±1.3) cm!1 for untreated biomass exposed to Cd, and to
1083 (±1.3 cm!1) for treated biomass exposed to Cd.

Other changes in the FTIR spectra between the unex-
posed and Cd-exposed cells include a slight broadening
and shift of the peak at "1240 cm!1, as demonstrated in
detail in Fig. 6. In other spectroscopic studies of bacteria,
this peak has been attributed to vibrations of either phos-
phate (Jiang et al., 2004) or carboxyl moieties (Leone
et al., 2007). Interaction of Cd with the cells may occur in
association with both groups (e.g., Boyanov et al., 2003)
and it is likely that the observed broadening of the peak
at "1240 cm!1 in all biomass reacted with Cd results from
such interactions. As demonstrated by spectra (b) and (e),
reaction of both the treated and untreated biomass with
Cd results in the appearance of a new band at "1208
cm!1. This shift is likely due to interaction of Cd with
PO2

! groups, as complexation of Cd would weaken the
P@O character and shift the absorption to lower energy.

The FTIR results in this study exhibit subtle effects of Cd
binding onto both the treated and untreated biomass
samples, and only subtle differences that result from the treat-
ment of the biomass and removal of EPS material. The FTIR

Fig. 4. Fluorescence microscopy images of untreated (EPS-bear-
ing) P. putida cells stained with (A) DAPI to delineate cell
positions, and (B) Fluozin-1 to indicate location of Cd (lighter
shade indicates a higher Cd concentration). (C) represents the
composite image of (A) and (B), more clearly demonstrating Cd
adsorption exterior to the bacterial cells. Bar: 10 lm.

Effect of EPS on Cd adsorption by bacteria 5891

Exposure of the untreated and enzyme-treated cells to
Cd typically resulted only in subtle changes to the FTIR
spectra compared to the Cd-free samples. For both un-
treated and enzyme-treated samples that were exposed to
Cd, there was greater variability amongst the ten spectra
collected than was observed for the Cd-free biomass sam-
ples. The greater variability in the spectra collected suggests
greater sample heterogeneity and may indicate preferential

binding of Cd to specific sites/localized conditions. Of the
ten spots analyzed for Cd-exposed untreated cells, eight
spots exhibited similar spectra, represented by spectrum
(b) in Fig. 5, and two spots exhibited spectra represented
by spectrum (c). Of the ten spots analyzed for Cd-reacted
enzyme-treated cells, nine spots exhibited spectra repre-
sented by spectrum (e), and one sample spot yielded a
different spectrum, shown by spectrum (f).

Functional groups that absorb in the energy region 950–
1150 cm!1 include the PO2

! (asymmetric and symmetric
stretching), CAOH and CAC groups of alcohols and poly-
saccharides (Jiang et al., 2004), and CAOAP and CAOAC
groups (Eboigbodin and Biggs, 2008). Bands associated
with these groups overlap extensively in this region, making
peak assignment difficult. Spectra (a) and (d) in Fig. 5 (the
treated and untreated Cd-free samples) exhibit a peak at
1087 cm!1, which has been assigned to the P@O stretch.
For two of the sampled locations in the untreated sample
and for one of the sampled locations in the treated sample,
exposure to Cd significantly alters this peak. In the
untreated sample, two sampled locations (spectrum (c),
Fig. 5) exhibited a peak shift in this region to "1058
cm!1 and a significant broadening of the peak region. In
the enzyme-treated sample, this peak shift was not observed
with exposure to Cd (spectra (e) and (f), Fig. 5), but a sim-
ilar peak broadening was observed at one of the sampled
locations [spectrum (f)]. These changes suggest that, at
these locations, Cd is complexed directly with phosphoryl
and polysaccharide groups.

The majority of the Cd-exposed samples did not show
the dramatic changes observed in spectra (c) and (f) at
1087 cm!1. However, the presence of Cd did affect the peak
shape and intensity between treated and untreated cells
(Fig. 6). With these samples, we typically observed a slight
shift in position of the band at 1087 cm!1 to lower energy.
In the untreated and enzyme-treated cells, this band is
reproducibly positioned at 1087 cm!1 (untreated: 1087.1 ±
1.05 cm!1; enzyme 1087 ± 1.7 cm!1), but is shifted to 1084
(±1.3) cm!1 for untreated biomass exposed to Cd, and to
1083 (±1.3 cm!1) for treated biomass exposed to Cd.

Other changes in the FTIR spectra between the unex-
posed and Cd-exposed cells include a slight broadening
and shift of the peak at "1240 cm!1, as demonstrated in
detail in Fig. 6. In other spectroscopic studies of bacteria,
this peak has been attributed to vibrations of either phos-
phate (Jiang et al., 2004) or carboxyl moieties (Leone
et al., 2007). Interaction of Cd with the cells may occur in
association with both groups (e.g., Boyanov et al., 2003)
and it is likely that the observed broadening of the peak
at "1240 cm!1 in all biomass reacted with Cd results from
such interactions. As demonstrated by spectra (b) and (e),
reaction of both the treated and untreated biomass with
Cd results in the appearance of a new band at "1208
cm!1. This shift is likely due to interaction of Cd with
PO2

! groups, as complexation of Cd would weaken the
P@O character and shift the absorption to lower energy.

The FTIR results in this study exhibit subtle effects of Cd
binding onto both the treated and untreated biomass
samples, and only subtle differences that result from the treat-
ment of the biomass and removal of EPS material. The FTIR

Fig. 4. Fluorescence microscopy images of untreated (EPS-bear-
ing) P. putida cells stained with (A) DAPI to delineate cell
positions, and (B) Fluozin-1 to indicate location of Cd (lighter
shade indicates a higher Cd concentration). (C) represents the
composite image of (A) and (B), more clearly demonstrating Cd
adsorption exterior to the bacterial cells. Bar: 10 lm.

Effect of EPS on Cd adsorption by bacteria 5891

Exposure of the untreated and enzyme-treated cells to
Cd typically resulted only in subtle changes to the FTIR
spectra compared to the Cd-free samples. For both un-
treated and enzyme-treated samples that were exposed to
Cd, there was greater variability amongst the ten spectra
collected than was observed for the Cd-free biomass sam-
ples. The greater variability in the spectra collected suggests
greater sample heterogeneity and may indicate preferential

binding of Cd to specific sites/localized conditions. Of the
ten spots analyzed for Cd-exposed untreated cells, eight
spots exhibited similar spectra, represented by spectrum
(b) in Fig. 5, and two spots exhibited spectra represented
by spectrum (c). Of the ten spots analyzed for Cd-reacted
enzyme-treated cells, nine spots exhibited spectra repre-
sented by spectrum (e), and one sample spot yielded a
different spectrum, shown by spectrum (f).

Functional groups that absorb in the energy region 950–
1150 cm!1 include the PO2

! (asymmetric and symmetric
stretching), CAOH and CAC groups of alcohols and poly-
saccharides (Jiang et al., 2004), and CAOAP and CAOAC
groups (Eboigbodin and Biggs, 2008). Bands associated
with these groups overlap extensively in this region, making
peak assignment difficult. Spectra (a) and (d) in Fig. 5 (the
treated and untreated Cd-free samples) exhibit a peak at
1087 cm!1, which has been assigned to the P@O stretch.
For two of the sampled locations in the untreated sample
and for one of the sampled locations in the treated sample,
exposure to Cd significantly alters this peak. In the
untreated sample, two sampled locations (spectrum (c),
Fig. 5) exhibited a peak shift in this region to "1058
cm!1 and a significant broadening of the peak region. In
the enzyme-treated sample, this peak shift was not observed
with exposure to Cd (spectra (e) and (f), Fig. 5), but a sim-
ilar peak broadening was observed at one of the sampled
locations [spectrum (f)]. These changes suggest that, at
these locations, Cd is complexed directly with phosphoryl
and polysaccharide groups.

The majority of the Cd-exposed samples did not show
the dramatic changes observed in spectra (c) and (f) at
1087 cm!1. However, the presence of Cd did affect the peak
shape and intensity between treated and untreated cells
(Fig. 6). With these samples, we typically observed a slight
shift in position of the band at 1087 cm!1 to lower energy.
In the untreated and enzyme-treated cells, this band is
reproducibly positioned at 1087 cm!1 (untreated: 1087.1 ±
1.05 cm!1; enzyme 1087 ± 1.7 cm!1), but is shifted to 1084
(±1.3) cm!1 for untreated biomass exposed to Cd, and to
1083 (±1.3 cm!1) for treated biomass exposed to Cd.

Other changes in the FTIR spectra between the unex-
posed and Cd-exposed cells include a slight broadening
and shift of the peak at "1240 cm!1, as demonstrated in
detail in Fig. 6. In other spectroscopic studies of bacteria,
this peak has been attributed to vibrations of either phos-
phate (Jiang et al., 2004) or carboxyl moieties (Leone
et al., 2007). Interaction of Cd with the cells may occur in
association with both groups (e.g., Boyanov et al., 2003)
and it is likely that the observed broadening of the peak
at "1240 cm!1 in all biomass reacted with Cd results from
such interactions. As demonstrated by spectra (b) and (e),
reaction of both the treated and untreated biomass with
Cd results in the appearance of a new band at "1208
cm!1. This shift is likely due to interaction of Cd with
PO2

! groups, as complexation of Cd would weaken the
P@O character and shift the absorption to lower energy.

The FTIR results in this study exhibit subtle effects of Cd
binding onto both the treated and untreated biomass
samples, and only subtle differences that result from the treat-
ment of the biomass and removal of EPS material. The FTIR

Fig. 4. Fluorescence microscopy images of untreated (EPS-bear-
ing) P. putida cells stained with (A) DAPI to delineate cell
positions, and (B) Fluozin-1 to indicate location of Cd (lighter
shade indicates a higher Cd concentration). (C) represents the
composite image of (A) and (B), more clearly demonstrating Cd
adsorption exterior to the bacterial cells. Bar: 10 lm.

Effect of EPS on Cd adsorption by bacteria 5891

Cellule batteriche 
(blu) colorate con 
DAPI 

Metallo (verde) 
colorato con 
Fluozin-1 

Adsorbimento del 
metallo all’esterno 
delle cellule 
(Sovrapposizione 
delle immagini A+B) 
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*Commissione Europea, 2006; **Spin, 2015 

95% bagni: ramatura, nichelatura e cromatura  

Il settore galvanico  
 

Imprese Lavoratori	 Rifiu,	prodo/	(t)	

Europa*	 18.300 440.000	 300.000	

Italia**	 1.400 11.000	 20.000	

Elevato impatto ambientale: 

Rivedere il processo di gestione reflui: 
•  Riutilizzo dell’acqua 
•  Recupero dei metalli all’interno del ciclo produttivo 
•  Produzione di rifiuti ad alto valore aggiunto 

•  Consumi energetici, di acqua e di materie prime 
•  Trattamento di rifiuti 
•  Emissione di contaminanti nell’ambiente 
•  Contaminazione dei siti industriali dismessi 

DeFENS, Dipartimento di Scienze per gli 
Alimenti, la Nutrizione e l’Ambiente 



PROGETTI DI RICERCA INDUSTRIALE E SVILUPPO SPERIMENTALE  

 Studio sull’impiego di microorganismi per la rimozione ed il 
recupero dei metalli pesanti dalle acque reflue dell’industria 

galvanica  

Galvanica Impiantistica Trattamento 
reflui 

Identificazione 
microrganismi 

Coordinamento e 
consulenza 

METALBIOREC 

DeFENS, Dipartimento di Scienze per gli 
Alimenti, la Nutrizione e l’Ambiente 



Scopo: identificare batteri 

§  metallo-resistenti (Nichel, Rame) 

§  produttori di esopolimeri cellulari (EPS)   

DeFENS, Dipartimento di Scienze per gli 
Alimenti, la Nutrizione e l’Ambiente 

Adsorbimento di 

Nichel e Rame da 

reflui galvanici 



S
O
S
P
E
S
A

ICP-MS 

A
D
E
S
A 

1. PRODUZIONE 
BIOMASSA 

§  Condizioni di produzione di biomassa attiva 

§  Sistemi di confinamento della biomassa 

2. CONFINAMENTO 
BIOMASSA 

Impostazione della ricerca 

3. CONTATTO CON 
METALLI 

4. ANALISI 
METALLI 
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Ricerca di ceppi batterici in grado di adsorbire 
i metalli 

Il ceppo As3-5a rimuove entrambi i metalli 
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Alimenti, la Nutrizione e l’Ambiente 



Refluo Galvanico Soluzione Acquosa bimetallica 

Influenza della compresenza di nichel e rame 

Il ceppo identificato adsorbe più metalli 
contemporaneamente, anche nel refluo galvanico 

DeFENS, Dipartimento di Scienze per gli 
Alimenti, la Nutrizione e l’Ambiente 



Scale-up della produzione della biomassa in 
bioreattore aerobico 

§  La rimozione dei metalli avviene anche con biomassa 
cresciuta in bioreattore 

§  Il tempo di crescita della biomassa attiva è ridotto a 24 ore 
DeFENS, Dipartimento di Scienze per gli 
Alimenti, la Nutrizione e l’Ambiente 



CONCLUSIONI 
 

§  Identificato un ceppo batterico che rimuove più metalli da refluo galvanico 

§  La biomassa cresciuta in bio-fermentatore mantiene la capacità 

adsorbente, rendendone possibile lo scale-up della produzione 

§  La rimozione di Cu²⁺ e Ni²⁺ avviene sia con cellule sospese che con cellule 

adese a filtri 

DeFENS, Dipartimento di Scienze per gli 
Alimenti, la Nutrizione e l’Ambiente 
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