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�
Monumental stone decay is a consequence of
the weathering action of physical, chemical
and biological factors, which induce a

progressive dissolution of the mineral matrix (Fig. 1).
Attempts to slow down monument deterioration have
used conservation treatments with inorganic or organic
products, but their use presents several drawbacks. A
new approach to conservation treatment of calcareous
stones exploits bacterial biomineralization.

Calcium carbonate (CaCO3) precipitation is a major
biogeochemical process very common to microbes living
in different environments. Several studies have pointed
out the complexity of the phenomenon, which is
influenced by the environmental physico-chemical
conditions, and is correlated both with metabolic
activity and cell-surface structures.

Application of living cultures of selected calcinogenic
bacteria on limestone has been shown to induce calcite
precipitation inside stone porosity, but it might generate
other problems. In fact, chemical reactions due to
metabolic by-products and growth of fungi, resulting
from the application of organic nutrients for bacterial
development, may have negative effects on the stone
itself. For this reason, development of a stone treatment
without viable cells seems a better biotechnological tool.
To achieve this, it is necessary to understand the
molecular mechanisms by which bacteria foster CaCO3
precipitation, since this phenomenon is poorly
understood both at molecular and genetic levels.

� Work with Bacillus subtilis
In our laboratory we are studying calcite crystal
formation in Bacillus subtilis in order to identify bacterial
genes and cell structures involved in the biomineral-
ization process. This work is part of the ‘Bioreinforce’ 
EC project (http://www.ub.es/rpat/bioreinforce/
bioreinforce.htm) directed to develop a biomediation
calcite precipitation method for conservation treatment
of monumental stones.

B. subtilis produces calcite crystals when grown on 
an appropriate medium (Fig. 2). We isolated several 
B. subtilis mutants impaired in calcite crystal

Conservation of monumental stones
by bacterial biomineralization
Brunella Perito & Giorgio Mastromei

Microbes are 
often responsible
for the decay of
stonework, but
Brunello Perito and
Giorgio Mastromei
have found a way 
of using bacteria 
to conserve
monuments
through the
technique of
biomineralization.

TOP LEFT:
Fig. 1. Marble Statue (1700), 
on the balustrade of the Villa 
Dosi-Dolfini, Pontremoli, Italy. The
presence of old biological patina
and new lichen encrustation can 
be seen.
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LEFT:
Fig. 2. Calcite crystal production
by B. subtilis. (a) Crystal formation
on the surface of B. subtilis cells.
(b) Crystals produced by B. subtilis
observed by optical microscopy.
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production. Sequence analysis of their mutated 
genes revealed that in many cases the putative functions
were linked to fatty acid metabolism. Two of these 
genes, ysiA and ysiB, belong to a putative transcriptional
cluster of five genes (Fig. 3). We focused our attention 
on this cluster and produced, by insertional mutagenesis, 
B. subtilis isogenic strains each mutated in a gene 
of the cluster. Mutants
were tested for their
ability to produce calcite
and all, except one,
impaired crystal forma-
tion. We are working on
the hypothesis that this
cluster could control 
the synthesis of an inter-
mediate of fatty acid
metabolism, directly 
or indirectly involved 
in promoting CaCO3
precipitation.

The other experi-
mental approach was
based on searching for the
B. subtilis cell structures
specifically involved in
CaCO3 precipitation. 
We used an in vitro
precipitation test, where
the samples, suspended
in a CaCl2 solution, were
exposed to ammonium
carbonate vapours. In
this experiment, killed
cells of B. subtilis induced
calcite precipitation (Fig.
4). We are now testing
different B. subtilis cell
fractions to identify the
structure(s) important
for this process. The next
step in the Bioreinforce
project will be to use
these fractions to treat
monumental stones. 
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RIGHT:
Fig. 3. Map of the B. subtilis
chromosome region containing 
the ysiB and ysiA genes. Arrows
show the direction of transcription.
Putative functions: lcfA, long-
chain acyl-CoA synthetase; 
ysiA, transcriptional regulator
(TetR/AcrR family); ysiB, 
3-hydroxybutyryl-CoA dehydratase;
etfB, electron transfer flavoprotein
(β subunit); etfA, electron transfer
flavoprotein (α subunit).
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LOWER RIGHT:
Fig. 4. Calcite precipitates
obtained with autoclaved cells of 
B. subtilis. Control: CaCl2 solution.
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