The microbiome of a XIV century medieval codex:
are microbes part of cultural heritage objects?
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We present a comprehensive study of the microbiome of a medieval codex of the XIV century held at the Leipzig University Library
(UBL), Germany. The overarching research hypothesis proposes microbes as integral parts of cultural heritage objects and potential
biographical elements, challenging the current conservation practice narrative which labels microbes as detrimental to the objects.
Initial research outcomes and next steps are presented.
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Microbial community analysis: 16S rRNA gene profiling Isolation and genome analysis of selected bacteria from books 16s rRNA gene-based — representative subset

Extraction kits / Procedures e Selection: ”30-repres'en'tat|\'/e isolates/novel speues/med|f:al—h|stor|cal |-nterest:
- - - ~ Genera: Bacillus, Virgibacillus, Staphylococcus, Paenibacillus, Halobacillus,
1. QlAamp DNA Micro Kit 2. Oceanobacillus, Sporosarcina, Streptomyces, Cutibacterium, Dermacoccus

2%
— (enzymatic I=») a= (enzymatic + ==:hanic)
% Direct + Pre Elution Direct + Pre Elution - Biomass production:
- | —b a—b - a-b ) o Standard Method: Shake-flasks (~¥50% isolates) e Valh
o Adapt or create cultivation methods for slow growers,
l l l l ﬂ ﬂ ﬂ ﬂ fastidious, biofilm-forming microorganisms, etc. e MY «
Outputs i i i =i W T SR

% Distribution: Phylum level

% Distribution: Firmicutes, Bacillales

| Firmicutes,

Bacillales 93% 4%
(Bacillaceae,

Paenibacillaceae,

2%

4% .
° B Oceanobacillus

Staphylococcace W Bacillus
Zei - bocteri m Staphylococcus
B Actinopbacteria,
o Purity check (microscopy, 16S-sequencing) Micrococcales m Virgibacillus
. . - (Dermacoccus, m Psychrobacillus
/~ 1. DNA extraction efficiency I Kocurig e
a. DNA yield (PicoGreen) Smud Micrococeus) I
ge Paucisalibacillus
b. DNA yield, quality and sizing (FemtoPulse System) 1 2 6 _ ® Halobacillus
e . . (0] bacill
2. Amplification tests 16rRNA gene regions | oy Staphylococcus | Bacillus | Psychrobacilus
o Y y Virgibacillus| Micrococcus
. 4 . y Paucisalibacillus
165 PCR: V3 and V3+V4 " / > / Paenibacillus Diff tial distributi
. . . . —— o - o o . Hal ifferential distribution
\_ 3. Bacterial Community Profile / Catalogue 165 rRNA gene amplicons ~/ T across book areas

=) Bioinformatics: phylogenomic and in depth genome analysis

¥ \ 4 \ 4

Microbial Community S T Habltat Adaptatlon and Novel Taxa Summary and Next Steps

Comparison of 16S rRNA gene profiles PreElution |  2.Mia 4.82a 4 )
Microbial community adapted to New case study: Ms 11 (bound to Ms12)
Direct 1. M13a 3.B13a h t habltat
parchmen o _ . Provenance revised, UBL (Altzelle / Buch?):
V3 region V3-V4 region *  Gram+, endospore/biofilm forming bacteria

* Benediktine Closter Pegau

Dry, low a, environments

* Abbatiat Albert von Langendorf (1311-48)

& N o G s . t * Survival on surfaces I le: h | g
Unclassiied_Actinobacteria_81 e o o o «  Skin microbiome (animal. human) associated ¢ lllustration style: hints to early perio
= Unciassified_Conynebacleriacese_22 Brachybacterm Virgibacillus sp. CF12_S2.044 Bacillus sp. CF12_S3.021 ( ’ )

o Kocuria_7 - . Saccharopolyspora . . . . o . . 0 e

o Pseudonocard|aceae/ = gﬂucta;;dggm%l o Saccharopolyspora /! Sﬁm:"monﬂs (VII’gIbGCI//US nGTEChEI 971%) (BGCI//US huml 968%)) CUItivation approach

SacchampolySpora B Undassified_Pseudonocardiaceae_16 Clostidum_sensu stico | Isolation: pH 9 - NaCl 20 % - 30 days Isolation: pH 7- NaCl 0.5 % - 3-5 days ] , _

‘E’Eﬁ%ﬁ%ﬁﬂ?‘m Pl  predominantly Bacillaceae 0 e B

& Bacillus_27 Sporosarcing Y i : ‘?f"“ﬁs‘ "

o Staphylococcus 12 3 Stzphylococcus
Salincoccus_11 B Coaas Cultivation independent approach |
B Lactobacillus_55 o . ultivation inde entapp C i T
e o Polyphasic approach

. -

Relative abundance %

Unclassified Peptostreptococaceae. 3 B Pseudoalteromonas * predominantly Actinobacteria

Pseudomonas . .
8 potntad Macro: colony 2-3 mm, cream, round, raised, Macro: colony 2-3 mm, cream, round, raised, (Pseudonocardiaceaee/ Saccharopolyspora).
o o margin entire margin entire

| Paracoccus_7 Qfﬁ’
B Unclassified_Sphingomonadaceae 6

Psychrobacter_15
_— Mycoplasma_12
- [ Other 2179
‘5\:‘* Q"é ":5;, Qqé’

o °‘-’° Microscopy: G+ rods (single+chains), end. ST~ Microscopy: G+ rods (single+chains), end.ST/T Novel ta)'(a . . . Ms12 + Ms11
e potential biographical and biotechnol. value. _
Growth: 25°C (22-32) pH 8.6 (7-9) NaCl% 7.5 Growth: 32°C (25-40) pH 7.5 (7-8.5) NaCl% 2 2 volume-Bible, early XIV. Cent.
 Similar profile: extraction methods or previous steps not affecting (5-15), aerobe, alkaliphilic halophile (1.5-2.5), aerobe, halotolerant Phylogenomigs: (in progress) * Comparative Biomolecular Analyses
« Relatively low number of taxa Chemotax: PG: mesoDAPdir; MK:MK7 >> MK8 Chemotax. PG: A4B L-Orn (-D-Asp), MK: MK7 y m0||eC9|ar datlnlg . * Expand to other Mss (materiality, use)
« Dominance of Saccharopolyspora, both HTS methods (16S rRNA copies: 5-16, most 12) Genome: 3.9 Mbp -1chr - 39.1 GC%, 3832 pcg Genome: 4.4 Mbp, 1chr, 37.2 GC%, 4326 pcg evolutionary relationships * Workiin progress... )

SPONSORED BY THE

UNIVERSITATS Federal Ministry
% Dlj Seminar fiir ‘% fechnische BIBLIOTHEK LEIPZIG DSMZ ﬂ% ;’Lg‘}{‘;‘;‘a'fc"h
MIKROBIB D Philﬂgnphig ’;ﬁ § Braunschweig ..

'Illi.q_ ':'l-




