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Abstract — Chapel 11 at the Sacro Monte di Varallo, a
UNESCO World Heritage site, is decorated with wall
paintings and life-size statues. The wall paintings date
from 1591 but were heavily repainted at the end of
19th century and again in 1955. Visual examination of
the surface revealed the signs of possible
microbiological growth (MBG). In situ investigations
with portable microscopy (using Vvisible and
ultraviolet radiations) and with  Adenosine
Triphosphates (ATP) measurements were carried out
to determine the presence of MBG and the level of
their activities. Several types of MBG were identified,
but this work discusses the main and more extended
discoloration found: the pink patina. In laboratory,
isolation and identification by 16S ribosomal RNA
(rRNA) and internal transcribed spacer (ITS)
sequencing were carried out to deter mine the species.
The results obtained will be important for planning
the remedial intervention, the post treatment
monitoring and the maintenance processes.
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I.  INTRODUCTION

Heritage site located in Val Sesia in the NortHtaly. It
includes 45 chapels representing episodes of taeofi
Christ (De Filippis 2006). Since 2015 the Universif
Applied Sciences and Arts of Southern Switzerland
(SUPSI) is working on a project to conserve onehef
largest chapel representing the ‘Massacre of the
Innocents’ (Fig. 1). This chapel (Chapel 11), costgd in
1591, is decorated with wall paintings coveringaaga of
approximately 300 mand contains 71 realistic life-size
polychrome terracotta sculptures. The walls andvehet
were painted by the Della Rovere brothers, alsaknas
"the Fiamminghini". The wall paintings were extesety
repainted in at least two phases, first in the [Hd¢h
century and again in 1955 (Piqué et al. 2016).

Fig. 1. Chapel 11, view of ‘The massacre of the
innocents’ before conservation (Picture by Centro
Conservazione Restauro “La Venaria Reale”, 2012)

Chapel 11 is located in a depression behind thdi&as
and is only partially hit by sunlight. Throughobktyear,
the air temperature within the chapel varies betwe®e
and 27°C. It falls below zero for several conse®utiays

The Sacro Monte di Varallo is a UNESCO Worldduring winter periods. The climate of the chapel is
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characterized by high relative humidity values,giag
from 20% to 100%, often reaching favorable cond#io
for condensation events (particularly on the Eaait,vout
also on the North and South walls in the high paatsl
for biological colonization.

In these environmental conditions of light and hditgi
the microbial activity can play an important rofe the
majority of the transformations, discolorations timpas
and color changes.

Among the various types of deterioration visible in
Chapel 11, we focused on the pink patina spreathen
surface of the wall paintings to determine its ratand
its association with biodeterioration. The micrargms
isolated from this patina were identified and chtedzed . . o .
using optical microscopy (OM) and microbiology m'crOSCF’P'C aT‘a'VS'_S with pc_)rtable microscope (©pec
techniques involving cultivation, isolation, 16S NR HP)' C:in S'.tu microscopic analysis with portable
and ITS sequencing. This work summarize some of thiicroscope (Dino-Lite).

researches carried out for a Bachelor thesis which

focused in developing an investigation methodology
tackle the study of biodeterioration.

Fig. 2 Site investigation on the wall paitings@hapel
11 at the Sacro Monte di Varallo. A: sampling by
scraping off surface material with a scalpel. iB:situ

ATP measurements

Defined areas of 1 chwere sampled with sterile swabs

MATERIAL AND METHODS moistened with sterile 0.9% NaCl solution in sprimgd
summer seasons 2017 (autumn and winter season
analysis are in progress). After sampling, swabsewe
soaked in 0.5 ml of sterile water and 0.1 ml weseduto
determine ATP bioluminescence using CellTitre-Glo
(Promega). The assay was carried out immediateéy af
wabbing, according to the manufacturer’s instonsi).
lanks were obtained using sterile swabs moistavidd
sterile 0.9% NaCl solution (control 1) and with gden
were no visible alterations were detected (congpl
Bioluminescence readings were expressed as relative
light units (RLU).

Environmental data

Environmental parameters were recorded at 15 mi
intervals for 14 months using a Testo 6621 serfsorafr
temperature and relative humidity) and a thermotmup
type K (for surface temperature). Data were codlddh 6
locations within the Chapel.

Microscopy

To carry out in situ microscopy analysis, damageshs Sampling and isolation of microorganisms
were directly analyzed with portable microscopesiob
Lite (non-invasive observations directly on thefasce) Samples representative of the main visive altema(fpink
and Cyscope HP (invasive observation immediatetgraf Patina) from the wall paintings were collected frowo
sample collection) (Fig.2). Powder samples, obthing  distinct areas (nearby the points selected for ATP
scraping off surface material with a scalpel, frohe Measurements and microscopic analysis) with alesteri
selected areas were rehydrated direct]y on a nuopB cotton swabs immersed in sterile 0.9% NaCl soluéind
slide with a drop of the following solutions: diktted by scraping off surface material with a scalpelyooh
water, 0.01% Calcofluor white and 4’,6-diamidino-2- SPring samplings. Sample material from scrapingnfro
phenylindole dihydrochloride (DAPI) from a 1 mg/mL the pink patina was suspended in 0.9% NaCl solutiuh
stock solution. Samples were then covered witheco shaken for 1 h. 10Ql of appropriate dilutions were
glass and immediately analyzed under the microscopéansferred to Plate Count Agar (PCA), PCA
(Cyscope HP) with visible and UV light. supplemented with 3% sodium chloride, Reasoner’'s 2A
Agar (R2A), R2A supplemented with 3% sodium
chloride, Trypticase Soy Agar (TSA), TSA supplenseht
with 3% sodium chloride and Sabouraud Agar.
Sample swabs were kept in transport medium unél th
transfer to the growing media described above.
Plates were incubated at 22.5 °C for at least 2kwee
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under aerobic conditions. Colonies were counted at — .

different time interval. Well-defined single colesi
selected according to their morphology (color ahape)
were isolated on a fresh agar plate and identifigd 6S In-situ

rDNA/ITS sequencing. microscopy

T~ examination _—"
\\%

Microscopic

DNA extraction and sequencing ~ V .

Bacterial genomic DNA was extracted using InstaGene
Matrix (BIO-RAD) according to the manufacturer's T A —
instructions. The primers used for the 16S rDNA PCR P

were UniR 5" ATG GTA CCG TGT GAC GGG CGG

pajdwes ag 03 wiod ayl apizaq

TGT GTA 3 and UniL 5’ ATT CTA GAG TTT GAT Sample
CAT GGC TCA 3. The PCR reaction was performed {powdzr/Swab)
with 5 pL of genomic DNA as a template in a 25 pL cal .

. . . . ultural analysi =
reaction mixture by using HotStar-Taq (Qiagen) tioe o
following cycles: activation of Taq polymerase &® :\E*l _— E
for 15 minutes, followed by 35 cycles at ‘@5for 30 >~ ¥
seconds, 52 and 72C for 1 minute each, finishing DNA g
with a 7-minute step at 72. Fungal DNA was extracted ~__ Baraction _~ ;:
by the phenol-chloroform metho@he ITS regions were \// 8
amplified using primers ITS1 5TCC GTA GGT GAA g
CCT GCG G 3'and ITS4 5'TCC TCC GCT TAT TGA ia’“ . 9,
TAT GC 3. The PCR reaction was performed with 5 pL P /_ 3
of genomic DNA as a template in a 25 pL reaction \v 3
mixture by using HotStar-Taq (Qiagen) for the follng Sequencing =
cycles: activation of Taq polymerase at‘®@5for 15 ~ ‘ ' /7 %
minutes, followed by 40 cycles at 85 for 30 seconds, \\/ 3

55C and 72C for 1 minute each, finishing with a 10-
minute step at 7.

The amplification products were purified and seaqeeh
using primers UniL or ITS4. Sequencing reaction was
performed using a PRISM BigDye Terminator v3.1 @ycl
sequencing kit (Applied Biosystems). The DNA saraple
containing the extension products were added t®iHi-
formamide (Applied Biosystems), incubated at(™5or

5 minutes, put on ice for 5 minutes, and analyzgdi . .
ABI Prism 3730XL DNA analyzer (Applied Biosystems). Results and Discussion
Sequences were compared to publicly available datsh

Identification of
microorganisms

Fig.3 General scheme of the approach used in thigk w
to analyze the microbiological growth.

Visual examination by Macroscopic Analysis

Methodology Visual examination of the wall paintings showed
discolorations varying from white to pink (Fig.4nhdh
The sequence of investigations followed is illustdain ~ Prown patinas in some areas; dark spots were also
Fig. 3. It started from in situ visual examinatiand detected. Some of these alterations were well dekin
investigations, which allowed to identify areasimirest ~ While others, such as the pink patina, were visidfe

which were then sampled for laboratory analysis. larger areas of the chapel, covered or not wititpags,
suggesting the possible presence of microbial drowt

and/or microbial colonization.

236



microorganisms on the surfaces analyzed

DAPI (Fig.5) staining reveal the presence of baater
cells while fungal cells were not detected by mscapy
after Calcofluor white stain (data not shown)

Fi.5 Saple Pink patina in water dispersiorvidible
light, B: DAPI staining. 1000x magnification

ATP Analysis

ATP is the principal energy carrier for all living
organisms, and can be used as an indicator of biaro
presence and biological activity.

Results of ATP measurements are presented in Table

bioluminescence of the selected areas. Biolumimesce

Fig. 4. Pink patina. A: Area where the pink patimas ~'eadings are expressed as relative light units (RLU
visible, indicated with an arrow. B: point of samngj, C:

image of the pink patina taken by Dino-lite, 200x. Visive Spring Summer
Alteration | measurement measurement
Temp. = 12-15 °C | Temp. = 22-25 °C
Control 1| 0.005 0.012
Mapping of the discolorations, patinas and colandes (NaCl)
showed that the most significant and diffused €ontrol 2| 5.13 6.08
phenomenon was a pink patina, on which we focused o| (N©
work. visible
alteration)
Pink 10.22 104.6
patina 1
. . . Pink 11.18 40.23
Microscopic Analysis patina 2

Chlorophylls are the dominant pigments in greera@lg

while phycobilins are the main light harvestingmpients

in cyanobacteria and red algae. Observing th
fluorescence due to the presence of these pignignts
using epifluorescence microscopy, it is possible t
recognize these two groups of microorganisms, Th
absence of autofluorescent cells (data not showng
suggested that algae and cyanobacteria were neemire
in our samples. The low light condition inside tBieapel

can explain the absence of these phototrophic

ATP values increased during the summer months,ipgov
n increased microbial activity at the site, dugbpbly to
etter temperature conditions for bacterial growtle. do
ot have the results of the autumn and winter seaget,
ut we can speculate that the ATP values will desge
again in the cold season.
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Isolation of microorganisms DNA extraction and sequencing

The 16S rRNA and ITS sequencing based analyses are
The samples collected with the two sampling methodfundamental methods in microbiology to identify
swabbing and scraping off the surface materialttmio  microorganisms and to explore the microbial divgrsi
powder sample, gave consistent. Quantitative aisabfs Genomic DNA was extracted from isolated bacterial o
the powder samples and qualitative analysis (navtro fungal colonies, amplified and sequenced. Sequences
low, medium and high) of the swabs are shown ind'@ obtained were compared to the 16S rRNA or ITS
sequences in Genbank collection using the Basi@lLoc
Alignment Search Tool (BLAST), which finds regioak
Table 2. Total microbial counts of aerobic local similarity between sequences.
microorganisms The pink colonies (dark and light) most presentitiure
media were identified by 16S rRNA asrthrobacter

PCA |PCA+|R2A |R2A+ [TSA |TSA+ |Sab| agilis. The association between this kind of alteration
NacCl NacCl NacCl (pink patina) and the presenceAathrobacter agilishas

Swab | low | high | highl high| low| high| 0 already been observed in other studies [F.Impe@720

Powder| 2 89 90 110 15 | 120 0 M.M Lopes-Miras 2013] The genusArthrobacter

contains more than 70 species, some described as

halotolerant bacteria [H.J Busse 2016], that ban

either pigmented or non-pigmented. Pinkish pigntémta
After 5-7 days, samples taken from the pink patind1as been identified in several species of the genus
developed numerous dark pink and light pink baateri Arthrobacter roseus sp. NgvArthrobacter agilis and
colonies. Some white and yellowish bacterial catsni Arthrobacter hyalinusin the case oArthrobacter agilis,
with diverse size and Shape were also observed ijg the plnk coloration is due to the production ofatanoids.
The growth of the pinkish colonies was higher irarag The nature of these compounds is still partiallknown,
media containing NaCl, indicating the presence oflthough some studies have reported that caroterzoil
halotolerant and/or halophilic bacteria. involved in the survival to oxidative damage andJw
radiation resistance [Sutthiwong, 2014].
BesidesArthrobacter agilis we could also identify other
microorganisms, such a@hodococcussp, Chaetomium
sp.,Cryptococcussp.,Actinobacteriasp.,Penicillium sp.,
Bacillussp., andCladosporiumsphaeropermurthat have
already been associated with biodeterioerationegésl
substrates. [G. Caneva 2007, M. Falkiewicz-DulikZjQ
as well asStaphylococcus warnerénd Staphylococcus
epidermidis common commensal organisms found as
part of the human skin flora
The partial sequences we obtained for some bacdeda
fungi strains did not allowed an identification bey the

L genus level.
Fig.6 Inoculated plate with powder sample of pikipa It is important to analyze the microbiological rksu
on R2A critically to distinguish between the microorgangsm

responsible for the observed damage from thosedhat

not contribute to it. Clearly, thé&taphylococcusspp
We could also observe that the pink colonies weoeem identified are contaminants, since frequent humkin s
abundant on R2A medium than on TSA or PCA withoutcolonizers, and are not involved in the biodetettion
NaCl. This can be explained by the fact that R24 ha process. On the other hand, the proliferation of
higher salt concentration than the other media.edeer, Arthrobacter agilis which contains carotenoid pigments
R2A is recommended for the detection of slow grawin such ag3-carotene in their cell membranes [Oren 2009],
microorganisms adapted to environments with lowcan significantly modify the optical appearance tioé
concentration of nutrients, as the conditions & wall  wall surfaces. To confirm that this microorganiss i

paintings. responsible for the pink color alteration, we plam
Fungal growth was also observed in some plates, nepmpare the pigments absorption and emission spectr
specific for their growth, after two weeks inculoati after extraction fromArthrobacter agilis cultures and

pink powder samples
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OUTLOOK

The next phases of this project will focus on caostiph
the microbiological analysis of all samples in ledgory.
Furthermore, we plan to construct a calibrationveuo
correlate ATP measurements with the number of batte
cells presentin sity, in particular for the main
microorganism Arthrobacter agili detected in the pink
discolorations. This will allow a rapid evaluatiaf the
discoloration and the monitoring of its evoluti@pecies
identification will be implemented through mass
spectrometry by using protein analysis witfatrix

M-M lopez-Miras, |. Martin-Sanchez, A. Yebra-
Rodriguez, J. Romero-Noguera, F. Boliver-Galiano, J
Ettenauer, K. Sterflinger, G. Pinar. “Contributiof the
Microbial Communities Detected on an Oil Painting o
Canvas to Its Biodeterioration” PLOS ONE, November
27, 2013nttps://doi.org/10.1371/journal.pone.0080198

H.J Busse, “Review of the taxonomy of the genus
Arthrobacter, emendation of the genus Arthrobasteisu
lato, proposal to reclassify selected speciesefjignus
Arthrobacter in the novel genera Glutamicibacter.ge

Assisted Laser Desorption lonization-Time Of Flightnov., Paeniglutamicibacter gen. nov.,
Mass Spectromet§MALDI -TOF MS). Pseudoglutamicibacter gen. nov., Paenarthrobaeter g

Methods that allow the study of microbiological Nov. and Pseudarthrobacter gen. nov., and emended
popu|ati0n5, such as automated ribosomal intergenﬁescrlptlon Of Arthl’ObaCte_r roseUS_ s |nt.ernat|0mllrnal
spacer ana|ysi5 (AR|SA) and next generatiorpf SyStemath and EVO'Utlonary MlCl’OblO'Ogy, V06,6

sequencing (NGS), will be applied, to detect viabig
not culturable (VBNC) microorganisms and to identif
species that are present at very low number.
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