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 Reklama na nasu pracu a nasu skupinu.

« Chcem vam ukazat’ nejaky vyskum ktory na Slovensku nie
je taky znamy. |

 Mozno si nakoniec polozite otazku, Ci by sa mikrobiologia

v tomto kontexte mala brat’ naozaj vazne.

* Mohli by sme vam ponuknut’ nejaké riesenia.




Ahoj, we are here

Ahoj everybody.

I'm -

Lucia Maria
Krakova Buckova

Andrea
Puskarova




73 WHR
A% mwa, i
g i e 4

' e

e

-
o (e lreenety

AND ARCHITECTURE

AND PRESERVATION
IN ART, ARCHAEOLOGY

BIODETERIORATION



PREDMET™




&4

nici tisice obrazov

R Ulozit' na Facebook B BX R LIRCRIIS

21.03.2017,06:55 | Sprévy | Domace spravy | Zapadné Stovensko

Ohrozeneé vzacne obrazy na
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OTAZKA

Baktérie alebo kvasinky?




BIOFILM — Mikrobialne spolocenstva
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- Kto je tam a co robi?

Biodeterioracia je fyzikalne a chemické poskodenie sposobené aktivitami Zivych organizmov.

Mikroorganizmy Ziju vo viac alebo menej komplexnych komunitach a biofilmoch.




Mikrobialne komunity je mozné Studovat dvoma
roznymi stratégiami

- kultivacne zavisla

dolezité je urcenie vhodnych podmienok pre izol

aciu a kultivaciu o mozno najviac druhov mikroorganizmov

- kultivacne nezavisla

zavisi na metddach molekularnej biologie zalozenej na analyze nukleovych kyselin




Kultivacne zavislé pristupy

An-POP 4 An-POP 1

An - POP 5

An - POP 3 An - ZK 5P




Sposoby odberu vzoriek na analyzu

Odber vzoriek zo vzduchu

Sedimentacna metoda »Air sampler” metoda
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Mikrobiologické metod
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Identifikdcia pomocou DNA

mikroorganizmy

izolacia DNA
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selekcia mikroorganizmov

| pomocou roznych nastrojov

RAMP- PCR

fluorescencna PCR
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The Capuchm Catacombs of Palermo
a Water migrating horizontally into the Walls of the

Catacombs. b Salt crusts of sodium chloride (chlorid

sodny) on the walls: ¢ Detached salt contammatmg other
mqterlals I p e

Many of the bacterial isolates were pigmented, ranging from

yellow to a strong pink, and were directly related to the
discoloration observed inthe materials.

Detected genera: Oceanobacillus, Virgibacillus, Halobacillus,
Idiomarina, Bacillus, Lysm:bac:llus Marmococcus and




Ak‘l‘lVl‘l'y mlkr'oor'gamzmov 2) Degradacia
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Freska Sv. Ladislava - Kostol sv. Katariny vo Velkej Lomnici

Dvadsat’ kmeriov huib z viac ako 53 izolatov bolo schopnych solubilizovat’ CaCO3
a/alebo degradovat kazein na agarovych platniach.

Bakterialne kmene prenasané vzduchom vykazovali mierne vysSiu
proteolyticku aktivitu (58,8 % pozitivhych kmenov) samostatne alebo v kombinacii

so solubilizaciou alebo precipitaciou CaCO3. Okrem toho bolo 20,6 % bakterii
prenasanych vzduchom schopnych produkovat organické kyseliny a
solubilizovat’ uhlicitanové substraty.




Catacombs Rome - Biocides

The biocide (Rocima™ 103 - LANXESS) employed by the restorers consisted of a mixture of chlorides
of alkyl-benzyldimethylammonium (40-60%) and N-octyl-2H-isothiazol-3-one (OIT) (7-10%),
Isopropanol (15—-20%), Formic acid (1-2.5%).

Quaternary ammonium compounds
Kvartéerne amoniove zluceniny

CD15
Before After

Bacteria Streptomyces spp. Chitinophaga soli
S. scabrisporus Lysobacter capsici
S. paresii Pseudomonas marincola
S. colombiensis Stenotrophomonas maltophilia
S. lavendulae Inquilinus lanosus
S. xanthophaeus
Nocardia cummidelens
Paracoccus yeeii

Cyanobacteria S. julianum S. julianum
Leptolyngbya sp. Symphyonemopsis sp.
Symphyonemopsis sp.
Chroococcales

Algae Unicellular coccoid algae Diadesmis sp.
Diadesmis sp.

Fungi® Mycelia sterilia Aspergillus sp.
Phoma
Penicillium
Aspergillus sp.




Mikroskopické pozorovanie

Stereo mikroskopia Variable
Pressure
Mode

Skenovaci elektronovy mikroskop

SEM

!

Nedestruktivny odber vzoriek
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SEI  10kV
SamploB




SEl 15V WD10mm SS&0 SEI 15V WD10mm SS&0 x140 100pm — v WD10mm SS80 x1.300 10pm
tunic tunic N 0007

a)

SEM fotografie povrchu tuniky. Oblast v kruazku je postupne zvacSena na nasledujucich obrazkoch (b, c)




Drevene
organy

SElI  10kV
dub-priecny smer

SEM fotografie poskodeného dreva plesnami drevenych pistal organu.



Charakterizacia Studovaného materidlu

Energy Dispersion Spectroscopy (SEM-EDS)

Biosorpcia Castic striebra plesnami
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Electron Image 1

Energy Dispersive X-Ray Spectrometry performed on positive prints affected by
moulds, the different kinds of objects pointed with EDS probe: the fungal
hypha with Ag deposits; the gelatin without fungal elements.




Charakterizacia studovaného materialu

Fourier-transform infrared spectroscopy (FTIR)
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FTIR spectroscopy confirmed that these two photographs
are albumen prints. The typical absorption peaks for an
albumen photograph appear between 1632 cm™ and
1161 cm™




Charakterizacia studovaneho materialu
in-RAMAN spektroscopy

Inv 15438 ——not attacked area AnaI\'/zy fOXingOVVICh Skvrn

——foxing-like spot

w

Inv 27371F —— White area - no spot
—— Black area - spot

Intensity / stacked spectra
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Intensity / stacked spectra

.

Wavenumbers / cm”

Combination of u-RAMAN and X-ray fluorescence (XRF) - In the ' " aton 4500 moos: | osby 9060
attacked areas of inv. 15438 it was documented the formation of a Wavenumibers F'om™

phosphate, presumably a mixed aluminum iron-potassium phosphate
that could be attributable to the hydrolytic activity of bacteria. The
disappearing of barite in the attacked areas could be attributable to
the metabolic activity of microorganisms: barite could have been
leached and differently re-precipitated in a configuration not
detectable by Raman

£ X
The spectrum of attacked areas of inv. 27371F is different and it can refer
to the formation of a mixture of oxides, among them barium titanate.
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Mikrofléra zo vzduchu




FASHIONABLE TREND
- 21’“:1 Generation Sequencing (Next Generation Sequencing - NGS):
massive parallel sequencing




Typicky pracovny postup spolocnosti Illumina

vzorky pripravené
pre NGS analyzu

Odber vzoriek
pomocou

_ nitrocelul6zovej

membrany alebo
lepiacej pasky

PCR purifikacia

PCR amplifikacia
~ 700 bp

DNA extrakcia

baktérie 16S rRNA

plesne 28S rRNA




Uzasna Bioinformaticka Praca

Software

BaseSpace”

Genomics Cloud Computing MEGA

MEtaGenome ANalyzer

pbwe I"ed by I I u m | n a(w { by Daniel H. Huson

www-ab_ informatii.uni-tuebingen. de/softfareimegan

Databases

|

p— ——

functional gene pireline & repository

U The 16S rRNA Gene Database and Tools

silvak £20,

high quality ribosomal RNA databases
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And now, something funny.......




Sekvenovanie DNA a RNA v realnom case:
Technolégia Oxford Nanopore

The only portable device for sequencing
DNA and RNA.




eneration Sequencing — MinlON, Oxford Nanopore
Technologies
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MinlON Mk1C




Uvod do technolégie Oxford
Nanopore (ONT) sekvenovania

Co je sekvenovanie DNA?

Oxford Nanopore Technologies (ONT):
sekvenovanie jednej molekuly pomocou
nanoporov

Kazdy nukleotid ma Specificku Strukturu, priCom
pocas prechodu cez nanopor kazdy nukleotid - ,
spbsobuje Specificki zmenu elektrického prudu. e — | | lipidova dvojvrstva
Na zaklade tejto zmeny vieme identifikovat, '
poradie nukleotidov v retazci DNA.

— trans (+)

ssDNA

p01 adie baz elektricky prad

ziskané data
U -_ T G AC

Vyhody ONT sekvenovania




Principy Nanopore sekvenovania

- NANOPORE-protein, ktory sltiZi ako T N Ofge ocl N nicth g e
brana medzi dvoma systémami. HIGren@ N opor, zatisgep sd
- ‘Starostlivo navrhnuté proteinové monitoruju zmeny elektrického prudu.
nanopory prostrednictvom mutacie » Vysledny signal sa dekdéduje, aby
kfuCovych zvyskov v bareli poru. poskytol Specifickd sekvenciu DNA alebo
RNA.

a|nqIseA

UoNOLSUOD

; : o
top view side view S

Structure and charge distribution of wild-
type MspA- Mycobacterium smegmatis
porin A (Laszlo et al., 2016)







Sekvenovanie dlhych amplikénov

pomocou MinlON (Nanopore sequencing)

16S-Air samples
SNA

16191619 +
-

* Rychla, automatizovana priprava kniznice

e Data dostupné v realnom cCase (pre rychle

* GENY MARKERQV Sspecifické pre baktérie alebo huby: 16S poznatky, ak st potrebné)

rRNA, 28S rRNA, ITS

» Tieto gény musia byt amplifikované pomocou PCR
amplifikacie, a preto sa tento pristup nazyva
AMPLIKONOVE SEKVENOVANIE.

e Univerzalne PCR priméry pouzité na amplifikaciu.




- Ako funguje technologia ONT
sekvenovania

Barcoding protocol for genomic DNA

Optional l
fragmentation

Pipette mix the prepared
library and load 75 pl
dropwise into the SpotON

| sample port, ensuring each
End prep l drop flows into the port

@
A

PCR-adapter /‘tT
ligation

L — —
— —

|

PCR with barcoded primers

Pool barcoded
products and end-prep

A————

Ligation of
sequencing adapters

e

—_—




Samotneé
sekvenovanie
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Preduprava a uprava dat

Dorado — nastroj na basecalling, demultiplexing a trimming Dorado
nanoFilt/fastp — filtrovanie dat na zdklade parametrov
* Flye — ndstroj na assembly (zarovnanie/mapovanie)

fastQC — nastroj na vyhodnotenie kvality dat

Fastp: Sequence Quality

o
o

Quality
A
o

—

()
o

N
o

R2 After filtering: Sequence

o

o

0 1 2 2 4 5 & 7 8 3 15-1% 25-2% 35-39 45-49% 55-53 65-69 F5-73 85-83 95-99




Taxonomicka identifikacia

g The 16S rRNA Gene Database and Tools

silvai# unrt

community

* R6zne nastroje a databazy — pre baktérie a huby (Silva, Greengenes
Standars, Unipore, PFPlus)

e Kraken 2, MetONTime, Emu
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Applied Microbiology and Biotechnology
https://doi.org/10.1007/500253-022-11961-8 100%
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ENVIRONMENTAL BIOTECHNOLOGY 90%
80%
Long-amplicon MinlON-based sequencing study =
in a salt-contaminated twelfth century granite-built chapel
Jelena Pavlovi¢' - Pilar Bosch-Roig? - Magdalena Ruskova' - Matej Plany' - Domenico Pangallo™* .
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Homogeneous damp dark staiming and darker®, untreated church 3

paving slab. South-west 0% 3
: i 1C6 €7/ 1C9

Soil surrounding the chapel and adjoining the cemetery. North O B Pseudomonas W Halohasta M Natrinema

et < Synechococcus W Nostoc B Halobacterium

M Halorussus B Halalkalicoccus B Natronolimnobius

W Crinalium W Halostella B Halorubrum

W Calothrix 'y Oxynema M Halorhabdus

W Halearcula = Chryseobacterium M Others

»

Soil surrounding the chapel and not adjoinng the cemetery. East




Metal halide lamp  Novel LED lamp

RS~ - AT

: j metal halide g

Abundance

Unilluminated

(1) Relative abundance .

of fungal ribosomal
gene at the genus level
detected in the stone

A
Metal halide

B
Novel LED

Ashlar

Unilluminated

samples

Genus

. Bacillus
B ciostidium
B escrerichia

B Genera <05 abund
Halomonas
Methylobacterium
Nostoc
Paenibacillus
Peribacillus

I rriestia

. Pseudomonas

B Psychobacilus

. Rubrobacter

B sphingomonas

B soiosoma

u Streptomyces

A
Metal halide

B
Novel LED

of bacterial genera
detected in the stone
samples

Unilluminated

(2) Relative abundance

TAXONOMIC PROFILING — Kraken2'

+ Taxonomic classification of amplified ribosomal genes 6f bacterial and fungal DNA
from stone samples and shotgun metagenomic Sequencing.
+ Database used: PlusPF Standard plus Refeq protozoa & fungi

Genus

. Aspergillus
. Botrytis

. Brettanomyces
B candida

. Cercospora

Colletotrichum

. Lachancea

. Malassezia

. Marasmius

. Neurospora

. Ogataea

[ Penicilium

. Pichia

. Pochonia

. Psilocybe

B Puccinia

. Purpureocillium

. Pyricularia
Genera < 0.5 abund . Rhizoctonia

E Kazachstania . Saccharomyces

. Kluyveromyces . Saccharomycodes

Cryptococcus
Debaryomyces
Drechmeria
Eremothecium
Fulvia

Fusarium

. Scheffersomyces
. Schizosaccharomyces
. Sparisorium

. Sugiyamaella

. Talaromyces

. Tetrapisispora

. Thermothelomyces
. Thermothielavioides
B ustiagincidea

. Ustilage

. Yarrowia

. Zygosaccharomyces
. Zymaoseptoria




FUNCTIONAL GENES
PROFILING

DIAMOND Blast - high-throughput program for
aligning DNA reads or protein sequences against a
protein reference database, at up to 20,000 times
the speed of BLAST, with high sensitivity

Blast+ command line - a suite of command-line
tools used for sequence similarity searching (blastn,
blastx, blastp)

EPI2ZME — ARMA (The Antimicrobial Resistance
Mapping Application)

ANTIBIOTIC RESISTANCE GENES — CARD database
(https://card.mcmaster.ca/)

BIOCIDE RESISTANCE GENES — BacMet database
(http://bacmet.biomedicine.gu.se/)

m, Alignment, ; —Alignment,,

Lengt h'reference (bp)

ARG; abundance (gc/Gb) = 37 Length, ., (bp)
1 Len read

10° bp/Gb

Dai et al., 2022

abundance (%)

[

0.029.38.3 /] Metal halide
3 LED
3 Mo

actP/yjcG
e cG

abundance (%)

0.0 27.5 55.0

beta-lactamase

diaminopyrimidine

fosfomycin
phenicol

macrolide

odB
mdtCIyegO

mth/yhlV
merA
mepB
gacE

bmr

gesB
vmeA

mupirocin

peptide

streptogramin

(="
-
=]
a

1 1

INDIPd D
INDIPd 8
INDIP Y

Relative abundance of Biocide (A) and Antibiotic
Resistance genes (B)

Metagenomic fastq reads -> ARG annotation against CARD using Diamond Blastx and biocide

annotation against BacMet using blastn

Filtering criteria included an 80% similarity and an E-value of 1e-5
Normalization of the data: ARG abundance is expressed as the equivalent full length of gene copies per

Giga base pair of sequences (gc/Gb) in a sample or

copy number of ARGs is normalized to the total gigabase pairs (Gbp) of the sample

Arango_Argoty et al., 2019


https://card.mcmaster.ca/
http://bacmet.biomedicine.gu.se/

DIVERSITY ANALYSIS

PERMANOVA, p =0.001

a diversity: Measures the diversity Shannon Diversity Index: Archive vs. Library
within a single ecological community or ) | ~(p - 0.0087) B)
sample, capturing both species richness ., ‘

and evenness.

Shannon Diversity Index: A metric that
quantifies the entropy (diversity) in a
community by considering both the
abundance and evenness of species
present.

B diversity: Measures the difference in
diversity between ecological
communities or samples, often
assessing species turnover or # ] _
dissimilarity across environments. - Ais 1 160.9%)
Bray-Curtis dissimilarity matrices can

be used to quantify differences between 5 o

samples, and these matrices can be
visualized using ordination methods A) Differences in Shannon diversity index between

such as NMDS (Non-metric Library and Archive group. Statistical significance
Multidimensional Scaling) or PCoA was assessed using an unpaired t-test.

(Principal Coordinates Analysis) to :

explore patterns of community

S .
composition across samples H = —Z P, In D, BC — E|xi - xj‘
i=1 . E(Xi + xj)

Eq 1. Shannon diversity index Eqg. 2. Bray-Curtis dissimilarity

Paper_type
Hand-made
Machine-made paper

Place

Axis.2 [9.7%]

Archive

Library

Shannon Index

B) PCoA plots of beta diversity in Library and
Archive microbial community using Bray-Curtis
distance. Statistical significance was assessed
using permutational multivariate analysis of
variance (PERMANOVA) Permanova




Ralstonia solanacearum
Bradyrhizobium sp. WD16 A
Sediminibacterium sp. TEGAF015 A
Hyphomicrobium denitrificans 4
Gluconobacter oxydans o
Mycoplasma mycoides A
Ralstonia sp. RS642 4
Bradyrhizobium canariense A
Acetobacter acetiq
Bradyrhizobium sp. 4
Flavihumibacter rivuli -
Ralstonia sp. RS647 4
Gluconobacter albidus -
Rhizobium leguminosarum
Lacibacter sp. $S13-6-6 4
Burkholderia pseudomallei 4
Ralstonia insidiosa 4
Oecophyllibacter saccharovorans o
Burkholderia glumae 4
Bombella sp. KACC 21507 4
Hyphomicrobium sp. MC1 4
Burkholderia lata 4
Bradyrhizobium sp. WBAH33 4
Brevundimonas sp. M20 4
Burkholderia multivorans
Methylocella tundrae
Acetobacter pomorum
Wolbachia endosymbiont of Drosophila pseudotakahashii 4
Cupriavidus taiwanensis A
Ferruginibacter albus 4
Burkholderia cenocepacia A
Saccharomonospora marina -
Filimonas lacunae
Mariprofundus aestuarium o
Cutibacterium acnes
Staphylococcus aureus

DIFFERENTIAL
ABUNDANCE ANALYSIS

Enriched group

. Library

Archive

LefSE(Linear discriminant analysis Effect Size) —
statistical tool wused for biomarker discovery
identifying features (like organisms or genes) that
differ significantly in abundance across biological
groups

http://galaxy.biobakery.org/

R package “microbiomeMarker”

« Statistical Tests in LefSe:

Kruskal-Wallis rank-sum test: non-parametric

test is used to detect features with significant

differences

Wilcoxon rank-sum test: for pairwise

comparisons between subgroups

* Linear Discriminant Analysis (LDA) —
estimate the effect size of each feature.

Cutibacterium modestum
Staphylococcus epidermidis
Staphylococcus pseudintermedius
Acidovorax antarcticus
Comamonas sp. B21-038
Diaphorobacter sp. HDW4A
Anaerococcus mediterraneensis
Staphylococcus haemolyticus
Rhodoferax sp. AJAD8B1-3
Sphaerotilus sulfidivorans
Staphylococcus warneri

2

LDA score (log10)

3

feature

enrich_group

ef Ida

|_pva|ue

lpadi

Cutibacterium acnes

Library

5.46234105

0.00053201

0.00053201

Diaphorobacter sp. HDW4A

Library

3.69199783

0.00049117

0.00049117

Cutibacterium modestum

Library

4.46407876

0.00053201

0.00053201

Ralstonia solanacearum

Archive

5.04060869

0.00053201

0.00053201

Bradyrhizobium sp. WD16

Archive

4.87623439

0.00033137

0.00033137

Acetobacter aceti

Archive

4.17508337

0.00033137

0.00033137



http://galaxy.biobakery.org/
http://galaxy.biobakery.org/
http://galaxy.biobakery.org/
http://galaxy.biobakery.org/
http://galaxy.biobakery.org/
http://galaxy.biobakery.org/
http://galaxy.biobakery.org/
http://galaxy.biobakery.org/

DIFFERENTIAL ABUNDANCE
ANALYSIS

Cutibacterium acnes
Cutibacterium modestum
Acetobacter aceti

- DeSeqg2 - Statistical tool originally designed for Gluconobacter sibldus
. . Flavihumibacter rivuli
RNA-seq data, adapted for microbiome count data. Lacibacter sp. 1366 Phylum Place

« Similar results as LefSe Brevundimonas sp. M20 Actinobacteria __ Archive
M Bacteroidota [l Library

Ralstonia insidiosa Proteobacteria
Cupriavidus taiwanensis matrix_9
Ralstonia mannitolilytica 2

ANCOMBC (anaIySiS Of CompOSitionS Of Ralstonia solanacearum 1

microbiomes with bias correction) — is a Buridioideria kota g

package containing differential riyphomicroblum denltrifcans -2
Hyphomicrobium sp. MC1

abundance (DA) and correlation analyses Bradyrhizobium sp. WBAH33

for micrObiome data_ Afipia carboxidovorans

Bradyrhizobium canariense
Bradyrhizobium sp. WD16
Bradyrhizobium arachidis

Heatmap representing DeSeq2 results
showing log2 fold change in significantly
different bacterial species

log2Fold Enrichment
OTU Phylum Species Change |[IfcSE stat lpvalue |padj Direction

Diaphorobact | 8.30996| 1.02534 5.29E-
2714924|Proteobacterialer sp. HDWA4A 8 6/8.104553 16(4.04459E-14|Library
Cutibacterium | 5.95306| 0.66797 5.01E-
1747 Actinobacteria|acnes 4 2| 8.91215 19 5.736E-17 Librafy
Cutibacterium 0.66695 1.05E- -
2559073|Actinobacteria|modestum 6.22314 9/9.330619 20[1.34024E-18|Library
Acetobacter 1.20223 7.82E-
435 Proteobacterialaceti -9.68626 1} -8.05691 16(5.60441E-14|Archive

Table showing DeSeq?2 results with log2 fold change in significantly different bacterial species




7 :-;r.?_-‘ e Construction
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e Construction and Building Materials MATERIALS
ELSEVIER Volume 490, 5 September 2025, 142589 e

untreated with | ¢ treated with no-greeh‘ing
greening (UT_G)and | Casa do Cabido (T_NG) and treated with
untreated with no- [ = 9y E ‘ greening (T_G) at Casa
greening (UT_NG)at [ .58 = _ €4 do Cabildo.

Casa do Deén. e el

Biocides based on quaternary
ammonium salts (Biotin R®
and New Des® 50 - CTS srl)
and ammonium bicarbonate.




Relative Abundance (%)
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Baktérie a pritomnost génov rezistencie na antibiotika a biocidy

Zda sa, ze vplyv Cistenia ulic na bakterialny mikrobiom bol
vacsi ako vplyv chemickej aplikacie. Bakterialna aj hubova
diverzita bola vysSia v oblastiach odberu vzoriek postihnutych
Cistenim ulic, zatial co ARG a BRG boli rozSirenejSie v oblastiach
odberu vzoriek, ktoré presli reStauraénou Upravou pred 15 rokmi.

%rbmmmmmh




SICK BUILDING SYNDROME
SBS

Syndrom chorych budov" oznaduje situaciu, ked lfudia, ktori travia as v konkrétnej budove,
pocituju subor symptomov, ktoré sa zdaju byt spojené s ¢asom stravenym v nej.

Medzi bezné symptomy patria bolesti hlavy, podrazdenie ocCi, nosa a hrdla, sucha

alebo svrbiaca pokozka, unava, tazkosti so sustredenim, zavraty a nevolnost. Tieto
symptomy byvaju zvyCajne mierne, no mézu vyrazne ovplyvnit’ pohodlie a produktivitu postihnutych osob.

Medzi podozrivé prispievajuce faktory &asto patri hedostatocné vetranie, ktoré umoziuje
koncentraciu znegistujucich latok v interiéri, chemické kontaminanty zo zdrojov ako koberce,
nabytok, &istiace prostriedky alebo kopirovacie stroje, ktoré uvoliuju prchave organicke

zluceniny, a biologické kontaminanty ako plesne, prach pel’ alebo bakteérie zo
stojatej vody v potrubiach €i zvih€ovacoch vzduchu. =




Microbial Risks Within

SUSTAINABLE ARCHIVES

& GREENER APPROACHES ArCh ival Setti n gs

Domenico Pangallo & the Bratislava’s Group

Bratislava’s Group =

Co-funded by
the European Union




Targets of the Microbial Analysis
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Approaches for the identification of Microbial Communities

- Culture-dependent (CD) - kultivacne zavisla

Cultivation, Isolation and Characterization of Microorganisms by the use of Culture Media

- Culture independent (Cl) - kultivacne nezavisla

Identification of the microorganisms by the extraction of total DNA and using high-throu.gh'put sequencing
approach %




Five Historical Archives:

Florence — Italy
Budapest — Hungary
Lisbon — Portugal
Malta

Madrid - Spain
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Guidelines about CFU/m?3in INDOOR AIR _

WHO Guidelines for Indoor Air Quality: Dampness and Mould (2009)
7R\

g}’} WOI'ld Health Total bacterial count:

&3 Organization

S . <800 CFU/m? is considered good air quality.
. 500-1000 CFU/m? is‘acceptable.

- >1000 CFU/m? may indicate poor ventilation or
contamination.

Total fungal count (molds & yeasts):
. <500 CFU/m? is considered normal.
- 9500-1000 CFU/m? is acceptable but requires monitoring.
- >1000 CFU/m? may: indicate fungél contamination.

MINISTERO

DELLA Good air quality in archives,’ubraries, and museums should not exceed
C U LT U RA 750 CFU/m?® for bacteria and 150. CFU/m? for fungi.




330 230 20 0

16.2°C/57%

340 30 20 20 15.8 °C/61%

Repository 11 580 300 10 10  17.5°C/52% o Ao
= ll ROOM - Lisbon | BACTERIA | FUNGI ST
Digitation 19 370 160 20 0  188°C/52% RA LB PDA YGC

80 20 20 20 20.8°C/59%
0o o (0]
Visitors room P1 420 270 70 10 20.7 °C / 50% 30 60 20 40 22 °C / 56%

Visitors room P2 520 120 260 70 21°C /49% Reproduction room, office 120 80 50 10 23.6°C/54%
Digitation P1 110 150 50 30 255°C/51%

300 140 120 20 19.8°C/55% [INIETE(T 200 120 40 60 24.1°C/51%

Visitors room P1 430 490 50 40 22.5°C/58%

BACTERIA | FUNGI | isi o 0
ROOM - Budapest T/RH% Visitors room P2 160 20 20 60 22.8°C/55%

"R2A LB PDA YGC Description room, office 290 140 140 120 23.3°C/55%

710 340 40 120 20.6°C/31% Restoration Lab P1 100 40 30 20 23.9°C/54%

260 250 50 60 19.4°C/32% Restoration Lab P2 130 100 20 30  24°C/54%
280 150 50 80 19.2°C/B32%

Digitation 600 380 150 190 23.6°C/36%
Visitors room P1 760 200 160 23.3°C/B35%
Visitors room P2 310 170 130 23.5°C/35%

770 180 150 22.3°C/B7% : G
AN 450 510 290 260  22.5°C/45% 500 CFU/m?3 for both bacteria and fungi

Restoration Lab P2 610 300 230 170 23.2°C/42%

750 CFU/m® for bacteria =150 CFU/m? for fung




= Viaita (i
R2A LB PDA  YGC

520 280 150 160  29°C/70%

350 400 380 410  28°C/66%

500 470 490 430 28.4°C/66%
Digitation S1 (AC) 390 230 430 280 25.9°C/70%

VEEDEGIET 140 110 350 390 28.1°C/64% 500 CFU/m? for both bacteria and fungi
170 260 490 350 28.2°C/64% |

ESTIITN S NG B 250 320 240 255°C/42% 2
Restoration Lab S1 (AC) 28 o600 @@ @O 259°C/73%

= m TR
750 CFU/m? for bacteria ‘Rea 1B R

180 140 130 120 19.4 °C / 44%

130 90 80 80 20°C/44%
Digitization room 90 60 80 150 21.8°C/41%
Visitors’ room; SP 1 600 430 260 22.1°C/40%

Visitors’ room; SP 2 710 410 22.8°C/42%
Restoration laboratory; SP 1 240 260 21.2°C/41%
Restoration laboratory; SP 2 610 180 20.5°C/41%
Office 1 (description) 250 240 21.6°C/40%

*450 CFylm3 for fungi




High-Throughput Sequencing (DNA extraction) - kultivacne nezavisla

)

The solution containing airborne
microorganisms was filtered
through 0.2 ym nitrocellulose
membranes.

4

: : &
| The microbial samples are
0 S recovered by 0.2 pm
: .~ nitrocellulose membranes.




Bacterial 16S rRNA gene (Historical Archives of the European Union)

Document

Acinetobacter Top 20 Species

- .
Bacillus Cutibacterium acnes N — ] . :

Corynebacterium

Crinalium Crinalium epipsammum

Cutibacterium Rhodococcus erythropolis

Lelliottia
Microbacterium Lelliottia amnigena

Ochrobactrum Microbacterium oxydans

Paenibacillus I
Paracoccus Staphylococcus capitis
~—— —
Pseudomonas -
Staphylococcus epidermidis,
Psychrobacter

Rahnella
Rhodococcus

Roseomonas
Sample_Type
{I} Ar

Rhodococcus sp. H-CA8f -.- Document

Rothia Pseudomonas azotoformans

Sphingobacterium

Staphylococcus

‘-

Stenotrophomonas Paenibacillus sp. 37

Streptococcus

Rhodococcus sp. YL-1

F

Bacillus megaterium

_back_F 1
_front_F {
' ni1

Ochrobactrum anthropi

SAIP_n02_F 1
Doc_HB-182_F 4

Roseomonas mucosa

Doc_PE1_18126_F 1

room_SAIP_n19_F
y_SAIP

Doc_ALC-74-09_F 1

Doc_Blue_Cover_F A

Doc_EEA 41-115_F+

Office_room_n.43_F {
Reading_room_agar_F 1
Doc_AS1_Ventotene_F 4
Doc_CD_black_mold_F 1

Reading_room
Reading_room

Rahnella sp. ERMR1:05

Repository_room_agar_F 1

Repository_room

Digitisation

Stenotrophomonas maltophilia

Restoration_laborator:

Bacillus thuringiensis

Paracoccus marinus

Air: Microbacterium, Rhodococcus, Ochrobactrum, |
Staphylococcus e Aoundance (%)

Documents: Cutibacterium, Roseomonas, Bacillus,
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d\&BS rRNA gene (Historical Archives of the European Unlon) > Sl
s \ X O e Bk e

Top 20 abundance (samples) 3
L~
Air Document 4
1004 - p— — e Genus
. Abtylopilus .
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; —
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CQMPARISON.: Florence, Budapest, and Lisbon

16S rRNA | 28S rRNA

PCoA Ordination by Location and Sample Type PCoA Ordination by Location and Sample Type

0.00 . . . . 0.2
PCoA1 PCoA1

B Budapest:Air ® Florence:Air ® Lisbon:Air B Budapest:Air B Florence:Air B Lisbon:Air
Group Group
Budapest:Document Florence:Document Lisbon:Document Budapest:Document Florence:Document Lisbon:Document




COMPARISON: Elorence, Budapest, and Lisbon ,
 Comparison | p-value | Signif.

Budapest:Document vs Lisbon:Document 0.0005  **#*
Florence:Air vs Lisbon:Air 0.0002  ***
Florence:Document vs Lisbon:Document 0.0008  ***

Budapest:Air vs Budapest:Document 0.0017 * % ' : Ao
Florence:Air vs Florence:Document 0.0061  ** 28S rRNA sequencing (Fung|)

Budapestirvs Florence:air LM comparison Ly oluesignit

Budapest:Document vs Florence:Document (0.0026 **  Florence:Air vs Lisbon:Air 0.0004
Budapest:Air vs Lisbon:Air 0.0291 *  Budapest:Air vs Lisbon:Air 0.0018
Lisbon:Air vs Lisbon:Document 0.1195 NS Budapest:Document vs Lishon:Document 0.0083
: Florence:Document vs Lisbon:Document 0.0096

16S rRNA sequencing (Bacteria)

Budapest:Air vs Budapest:Document 0.017

Budapest:Air vs Florence:Air 0.0176
Budapest:Document vs Florence:Document (0.0927
Florence:Air vs Florence:Document 0.0604
Lisbon:Air vs Lisbon:Document 0.5295




Biocides and Lime plaster

Several long-chain aliphatic benzylic QACs
(including benzalkonium chloride relatives such as
cetalkonium chloride, benzododecinium
chloride, etc.) are used in cultural heritage
preservation and have been flagged by ECHA for
possible future RESTRICTION.

N
YK

CI

n=28, 10,12, 14, 16, 18

Some commercial Formulations: Preventol RI50, BAC-50

Hasenie (hydratacia)

CaO+H,0 — Ca(OH),
reakciou oxidu
vapenatého s

vodou

Hydroxid - '
© vapenaty aleb
o hasené

r

vapno

Karboi. WO ‘ mutie/zrenie)

Ca(OH), + L. / 7~ O ~aCo; + H,0

Hydroxid Q “oenaty
vapenaty alebo NG
Mesi. L

hasené vapno
cerstvo nanesena

PH kiesne na hodnoty
blizke neutralnym, typicky

vapenna omietka
okolo 8 — 9.
Pripravené na
mikrobialnu
kontaminaciu

pH ~12 - 13
Aatimicrobial
effect




Dezinfekcia prirodnymi
zliceninami




Microorganisms and Essential oils tested

by in vitro experiment

Bacteria
Escherichia coli
Salmonella typhimurium
Yersinia enterocolitica
Staphylococcus aureus
Listeria monocytogenes
Enterococcus faecalis

Fungi
Alternaria alternata
Aspergillus fumigatus
Chaetomium globosum
Cladosporium cladosporioides
Penicillium chrysogenum

Essential Oils

’1\‘."/;‘_‘:"‘.’ A /
\«q"\“s"’///

Oregano ‘ Arborvitae Lavender Clary sage




Antibakterialne ucinky esencialnych olejov

Escherichia Salmonella
coli - typhimurium

Uc¢inok riedeného tymianového esencialneho
pasgilyococeys olejana S. aureus.
aureus P

> as 20 : Pouzité koncentracie (100%, 75%, 50%, 25%,
O - Oregano, T - Tymian, K - Klincek, A - Tuja, 10% a 5%) (% w/v).

L - Levandula, S - Salvia




Inhibitory effect of EOs on mycellal growth of fungl
“in vitro”

Control . . M - 8
MIC - minimal inhibitory concentration (the lowest

concentration of EO that completely prevent the visible
fungal growth) - Agar dilution methods / mycelium
squares ;

MEFC - minimal fungicidal concentration (the lowest
concentration at which no colony growth was observed
after subculturing into fresh medium) - Agar dilution

Chaetomium globosum methods / mycelium squares

Control 1% EO 10% EO 50% EO Control 1% EO 10% EO 50% EO

Cladosporium cladosporioides Alternaria alternata

antifungal activity of thyme EO



Dezinfekcia pouzitim esencidlnych olejov

Oregano




Vyuzitie
antimikrobialnych
ucinkov

nanomaterialov

Staveb

nictvo, kulturn
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¥ T e S
fk ey - - e
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NanoTechnologies

hydrophilic surface superhydrophobic surface

small contact angle %‘ ; ; <— large contact angle

hydrophobic surface

- for increase the antifungal effect of essential oils
- prevents from the penetration of water into the substrate

AFM images of the superhydrophobic particles monolayer
on silicon substrate scanned in the tapping mode over
various areas




Spojenie EO a;nanocastic

* EO — antimikrobialny ucinok

2 Nanocastlca transport a riadené uvolnovanle
bioaktivnej zlozky b .
* Poly (e-kaprolaktdon) — biodegradovatelny a biokompatibilny

Nanokapsula s EO

Nanoprecipitacia

Obrazok 5: Schématické zobrazenie nanokapsulacie (Rivas et al., 2017-upravené)

Thymus capitatus - thymol

Th-NC — 175 nm
Or-NC — 171 nm
4 °C —40 °C, 30 dni

Oi’iganum vulgare - karvakrol



Spojenie EO a nanovlakien

* EO — antimikrobialny ucinok

* Nanovldkna —riadené uvoltiovanie bioaktivnej zlozky

. * PLA/PHB/ATBC- biodegradovatelny a kompostovatelny

Zdroj vysokého napatia

| 'I ‘— Taylorov kuzel
H™ -

Polymérny roztok v kapilare s ihlou

Nanovlakenny prud

Zberné sito Polymérne viakno

Obrazok 6: Schématické zobrazenie elektrostatického zvlakriovania
(Nirwan et al., 2022 — upraveneé)

Origanum vulgare - karvakrol

PLA/PHB/ATBC + 5% oregano EO
PLA/PHB/ATBC + 5% citronova
trava EO

Cymbopogon flexuosus - citral



Aplikicia bialogicky rozloZitefnych aktivnych obalov
‘ na skladovanie jahc“)d |

Elektrostatické zvlaknovanie
PLA/PHB/ATBC .

Piston Syringe
Applied voltage

) | |

Forming fibres

Collector Electrospun

High-voltage supplier fibres

Aktivne balenie

»
«t

Aktivne balenie je systém balenia urceny na zachovanie biologickych, organoleptickych vlastnosti a kvalitu balené¢ho
potravinarskeho vyrobku, ¢im sa predlZzuje jeho trvanlivost’ ;



Prakticke vyuzitie esencialnych olejov

SCHOCK
Pietrzak, K., Otlewska, A., Danielewicz, D., Dybka, K., Pangallo, D.,

Krakova, L., Puskarova, A., Buékova, M., Scholtz, V., Durovi¢, M. and
Surma-Slusarska, B., 2017. Disinfection of archival documents using thyme
essential oil, silver nanoparticles misting and low temperature

plasma. Journal of Cultural Heritage, 24, pp.69-77.

Benkovitova, M., Kisova, Z., Bu¢kova, M., Majkova, E., Siffalovi¢, P. and
Pangallo, D., 2019. The antifungal properties of super-hydrophobic
nanoparticles and essential oils on different material

surfaces. Coatings, 9(3), p.176.

Kapustova, M., Granata, G., Napoli, E., Puskarova, A., Buckova, M.,
Pangallo, D. and Geraci, C., 2021. Nanoencapsulated essential oils with
enhanced antifungal activity for potential application on agri-food, material
and environmental fields. Antibiotics, 10(1), p.31.

Hofbauerova, M., Ruskova, M., Puskarova, A., Buckova, M., AnnuSova,
A., Majkova, E., Siffalovi¢, P., Granata, G., Napoli, E., Geraci, C. and
Pangallo, D., 2023. Protection and disinfection activities of oregano and
thyme essential oils encapsulated in poly (e-caprolactone)

nanocapsules. Molecules, 28(3), p.1018.

Review

Essential Oils and Cultural Heritage Conservation: Are They
Safe, Environmentally Friendly, Sustainable, and

Negligibly Toxic?

Daniela Pinna © Gels; 2025, 11(12), 978; https://doi.org/10.3390/gels11120978




BIO-CLEANING

by Microbial Enzymatic
Extract




Biorestaurovanie

Biokonsolidacia kamena

Biomineralizacia uhli¢itanu vapenatého

Bacillus pasteurii, B.cereus, B. subtilis, B. sphaericus, Micrococcus sp., Mytilus

Praktické vyuzitie:

ZniZenie porovitosti kamena
ZvySenie pevnosti kamena

A
Krystaly produkované baktériou Micrococcus sp.

¥y : e
s = B
-si .

Baktérie Baci/lus obalené
uhli¢itanom vapenatym Krystaly produkované baktériou B. subtilis




Odstranovanie ciernych povlakov na sochach

Spalovanie fosilnych paliv — SO, rozpusteneé vo vode — H,S0O, (kyslé dazde)
H,SO, + CaCO,; — CaS0O, (sadrovec)
Cierne krusty- krystaly sadrovca zmie$ané s ne¢istotami v atmosfére

Sulfat redukujice baktérie (Desulfovibrio desulfuricans, Desulfovibrio vulgaris)

6 CaS0, + ,H20 + 6CO, — 6CaCO, + 4H,S + 2S + 110,

Cierna krusta pred (vI'avo) a po (vpravo) ablika’cil’
baktérie Desulfovibrio vulgaris

Prakticke vyuzitie:

Odstranovanie neestetickych
Ciernych krust na sochach




Odstranovanie organickych zvyskov

Prakticke vyuzitie:

Odstranovanie zvySkov organickych materialov (napr. bielok, kolagén
obsahujuce materialy ako je ZivoCiSny glej) za pomoci hydrolytickych enzymov

Baktéria Pseudomonas stutzeri

B|0C|sten|e a blorestaurovanle fresky (14 storoae)

pomocou baktérie Pseudomonas stutzeri (hore pred
oSetrenim, dolu po oSetreni)

BioCistenie a bioredtaurovanie fresky pomocu
baktérie Pseudomonas stutzeri a) pred
oSetrenim; b) miesto pokryté bavinenou vrstvou s
baktériou; c) odstranenie bavinenej vrstvy po 2,
hodlnach d) vysledok po oSetreni. .




Airborne bacteria in the chapel
of the castle of Krasna Horka

Proteolytic assays

Exiguobacterium undae




Production of extracellular enzymes secretion

* 1. inoculation of E. undae in to animal glue broth (KH,PO,=0.5 g/I; MgSO, 7H,0 =
0.5 g/I; animal glue = 4 g/I)

e 2. Cultivation at 23 °C, 180 rpm, 24 h

* 3. OD measurement at A = 600 nm; with the OD = 1.0 centrifugation for 30 min at
30000 rpm (6 °C)

e 4. The supernatant was filtered through a 0.2 um filters

Characterization - SDS-PAGE proteolytic degradation, inhibitors
Extracellular of the proteome and activators

proteolytic enzymatic
extract - N-terminal sequencing (Edman degradation)

Proteolytic activity Fiquid chromatography-mass spectrometry (LC-

MS)




Proteolytic activity Extracellular proteins
against bovine B-casein identification
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Skin animal glue Bone animal glue

Skin animal glue Bone animal glue

Fagus sylvatica




~ Usually, the restores use hot
- steam in order to open the
: pipe

After the application of . -

B Y g L SN

Exiguobacterium . v s

- e
enzymatic extract (4 h
of incubation) the pipe
was easily open




Other animal glue degraders

“  Anadem
< o foundin a

\ tomb




Newspapers books

Application of a Tylose
solution for 10-15
min and mechanical
removal with a blunt
scalpel. The operation is
repeated several times

Steam scalpel




With tylose : Only the
and enzymatic - enzymatic
extract extract

B. flexus




SKRINING LIPOLYTICKEJ AKTIVITY KVASINKY
Sporidiobolus metaroseus

Lipolyticka aktivita:
O Spirit Blue agar + lipidicka zmes (Tween 80, voda, fanovy olej (LO)

Kolorimetricka detekéna metéda — hydrolyza p-NPP
* Lipolyticka aktivita vypocCitana na zaklade linearnej regresnej rovnice

X=Agys+ba-V.t Aktivita:
Lipolytic activity of Sporidiobolus metaroseus e bezLO0356 U. mI"'
y=2,8455x 1,441667 1Zvyéenie o0 60 % e sLO0.957 U. mlI!

R?=0,9972 ®
1,178 .

.v'.'.'l .
0,844667..~"

OD 405 nm

0,478667
0,238333"

0,1

Determinacia lipol. aktivity kvasinky v pritomnosti kovov zeleza a olova




BIOLOGICKE CISTENIE OLEJOMALBY ,MIRACLES OF THE LOAVES AND FISHES"

Application of EEM gels
biocleaning treatment on probe

:

E .

Sporidiobolus metaroseus

Cultivation Extraction of
with linseed oil Extracellular Enzymatic
Mixture (EEM)

Treated probes on b=

historical canvas AE* g = VAL? + Aa* + Ab*

peiniig ATR-FTIR spectroscopy and
colorimetric evaluation of
the biocleaning
effectiveness
a b c d M a b’ (- d a b M c
- =
- - .
. . » Aplikacia EEM+nosiC na odstranenie neziaducej
with linseed oil without linseed oil — ; 3 " g .
—r e do vrchnej vrstvy olejomal’by
.—~-w o &
Masiduiia o B s Sl -

| i e FT-IR analyza - najvhodnej$ia kombinacia
A S——— (B) tylé6za-EEM a klucel G-EEM

Fig. 3. SDS PAGE gels with EEM. (A) Gel showing the difference of the EEM produced by the adding of linseed oil in R2A broth and without linseed oil; a - a”: R2A
*: 35 pl of EEM; d - d': 40 pl of EEM; M: protein ladder. (B) Gel showing the differences of EEM production in R2A broth

'

broth without yeast; b-b": 30 pl of EEM; ¢ - ¢
with linseed oll (a), and amended with 1 mM of Fe(NO3)3 « 9H20 (b) and Pb(NO3)2 (¢c); M: protein ladder

SDS-PAGE - porovnanie produkcie enzymov pred a po pridani
lanového oleja do kultivachého média + v pritomnosti kovov g




Zavery

Komplexna problematika
Multidisciplinarna kooperacia

Vyzaduje kombinaciu
roznych technik a metad

Precizna diagnostika = Najllep§ie osetrenie

ES




IC,;': © Ahoj everybody.

Domenico :-mc_ o Mdria
Pangallo . K“ "( . S _ Andrea
faxova Puskarova

Cenu za vedecko-vyskumnu ¢&innost ziskal kolektiv: pracovnikov  Laboratéria environmentalne;j
a potravinovej mikrobiolégie pod vedenim Dr. Domenica Pangalla, PhD., z Ustavu molekularnej
biologie SAV v zlozeni RNDr. Maria Bu€kova, PhD., Mgr. Lucia Krakova, PhD., a Mgr. Andrea Puskarova,
PhD. za vysledky vedecko vyskumnej prace *
Deterioracia kulturneho dedicstva a kvalita tradicnych slovenskych poftravin: studium ich
mikrobialnych komunit.
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