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1. INTRODUCTION

The deterioration of cultural heritage objects and assets (mural paintings, statues, and many other art objects made of wood, stone, paper, ceramic, glass, inter alia) can be

caused by microorganisms [1]. One of the most important steps for applying adequate conservation and protection measures iIs early identification and monitorization of

microbial colonization. The conventional culture-based methods used so far have become insufficient to detect/identify the biodeteriogenic agents. Thus, molecular technigques

have started to attract considerable interest [2,3].

Our group is focused on detecting and identifying microorganisms that cause biodeterioration on artworks using the RNA-FISH molecular technique [4]. It is a simple, rapid and

promising molecular techniqgue enabling detection, visualization and identification of the viable microorganisms of interest [5,6]. As any other technigue, RNA-FISH has its own

Limit Of Detection (LOD), minimum detectable concentration of cells. For ensuring the reliability of RNA-FISH analyses, determination of the associated LODs is imperative.

Thus, the aim of this work was to determine the LOD for yeast and bacteria in wood slabs by RNA-FISH. Universal probes for targeting eukaryotes (EUK516) and bacteria

(EUB338) labeled with Cy3 or Atto-647N dyes were used.

2. EXPERIMENTAL PROCEDURE
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3. RESULTS AND DISCUSSION

Cells recovery:
Swabbing method Impression methods

Nylon
Cotton Swab?
otton swa Membrane?

According to our previous studies:

2 Best sampling method in terms of number of bacteria
cells recovered;

3 Best sampling method in terms of number of yeast
cells recovered;

Determination of LOD:

Recovery of cells in
Fixation of cells suspension

(1 h with absolute EtOH) 0.857% NaCl
t = overnight

T = room temperature

Detection by RNA-FISH [4]

Probes:
o None (Blank)
mm o NON-EUB (Negative Hybridization: t=2h T=46 °C

control) (Hybridization Buffer (HB) + FISH
o EUKS516-Atto-647N probe)
® o EUK516-Cy3 Washing; t = 30 min T = 46 °C
o EUB338-Atto-647N (HB)
o EUB338-Cy3 Detection: Epifluorescence and brigt-

field microscopy

 In previous studies perfomed by our group it was found that, from the methods tested, the swabbing method with cotton swab is the method that allows to recover a higher
number of bacteria cells, whereas the impression method with nylon membrane showed the best results in terms of recovery of yeast cells. Therefore, using these sampling
methods, the LODs of the RNA-FISH technique for Bacillus sp. and Rhodotorula sp. detection/identification was determined.

Table 1. Epifluorescence and bright-field microscopy results for the cells stained by RNA-FISH with probes labeled with Cy3 and Atto-647N after their
recovery, by swabbing or impression methods (for bacteria and yeast cells, respectively), from wood slabs inoculated with different concentrations of cells.

Rhodotorula sp. Bacillus sp.
Number of cells
inoculated per cm? EUK516-Cy3 EUK516-Atto-647N  EUB338-Cy3  EUB338-Atto-647N '
106
105
104 . - ---

The signs indicate that the cells of Rhodotorula sp. and Bacillus sp. were detected with fluorescence (1), only detected in bright—field
without fluorescence (+) or not detected (-). The assays were done In triplicate.

« With 10° inoculated cells per cm?, good fluorescence signals were observed for the yeast
with the dyes Cy3 and Atto-647N and good fluorescence signals were also observed for the
bacteria with the dye Cy3. With the dye Atto-647N it was just possible to detect bacteria

cells by bright—field microscopy;

« Bacterial and yeast cells did not show fluorescence on blank (none probe) and negative

control (NON-EUB).
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The microscopical observations with adequate filter

set
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s revealed that the LODs for yeast are 106
s/cm? with EUK516-Cy3 and 10° cells/cm? with
K516-Atto-647N. The LOD for bacteria was found
pe 10° cells/cm? using EUB338-Cy3. However,

the LOD with EUB338-Atto-647N could not be
determined but is is higher than 10° cells/cm?.

Figure 1. RNA-FISH signals obtained after 2 weeks for samples inoculated with 10°
cells/cm? of Rhodotorula sp. and Bacillus sp. using EUK516-Cy3 (a), EUK516-Atto-
647 (b) and EUB338-Cy3 (c). The probes labeled with Cy3 and Atto-647N were
analyzed by the corresponding filter sets, TRITC and Cy5, respectively.

4. CONCLUSIONS

« LOD for yeast detection in wood by RNA-FISH: 10° cells/cm? for

EUK516-Cy3 and 10° cells/cm? for EUK516-Atto-647N (2 weeks after

Inoculation);
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« LOD for bacteria detection in wood by RNA-FISH: 10> cells/cm? for
EUB338-Cy3 and higher than 10° cells/cm? for EUB338-Atto-647N (2
weeks after inoculation);

 The best dye to detect yeast cells with the RNA-FISH technigue In
combination with the nylon membrane is Atto-647/N and to detect
bacteria cells recovered by swabbing is Cy3.
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