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Isolation and cultivation of lung microbiota with culturomics
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Abstract: [Objective] To understand the composition and characteristics of the human lung
microbiota, and build a respiratory tract microbial bank which provides strains for further study, we
isolated lung microbiota with culturomics. [Methods] Six clinical alveolar lavage fluid samples were
collected, and blood culture bottles supplemented with different additives were used to pre-enrich the
samples. The strains in the blood bottles were isolated, cultured, and preserved at different time points
of the pre-enrichment. Isolated strains were identified with matrix-assisted laser desorption/ionization-time
of flight (MALDI-TOF) mass spectrometry or 16S rRNA gene sequencing. [Results] A total of
101 known bacterial species, 6 potential new bacterial species, and 2 fungal species were obtained. The
bacteria belonged to 45 genera, 35 families, 24 orders, 14 classes of 5 phyla. More isolates were
obtained from the early stage of pre-enrichment, and there were more isolates in the anaerobic
environment than at aerobic conditions. The additional supplement of sheep blood and rumen fluid
during pre-enrichment were beneficial to strain isolation. The lung bacteria isolated in this experiment
overlapped to a large extent with those from other parts (especially the intestine) of the human body.
[Conclusion] Culturomics realizes the isolation of lung microbiota, and it is essential to continue to
optimize the methods for isolating more bacteria from lungs.

Keywords: culturomics; lung microbiota; alveolar lavage fluid; method optimization
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Figure 1

Flow chart of culturomics. There are three parts of culturomics. First, samples are added to the

aerobic/anaerobic blood culture bottles supplemented with sheep blood and rumen fluid for pre-enrichment.
Second, on the Oth, 3rd, 6th, 9th, 15th, and 27th days, samples were taken from the blood culture bottles for
dilution and coating. Pick the single colony and put it into the liquid medium for amplification. Then one part
of bacteria was frozen at —80 °C, and the other part was used for identification. Third, pick a single colony
grown on the plate for MALDI-TOF identification. If the identification result is unreliable, the colony will be
identified again by 16S rRNA gene sequencing. All aerobic bacteria were cultured at 37 °C for 1 day, and

anaerobic bacteria were cultured for 3 days.
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Streptococcus parasanguinis Prevotella nigrescens Clostridium perfringens
Granulicatella adiacens Mogibacterium diversum Actinomyces lingnae
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Streptococcus oralis Bacillus cereus Prevotella melaninogenica
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Slackia exigua Campylobacter showae Pseudomonas maltphilia
Gemella morbillorum Pseudomonas alcaligenes Lachnoanaerobaculum orale
Veillonella dispar Prevotella histicola Prevotella oralis
Prevotella intermedia Streptococcus capitis Prevotella salivae
Streptococcus anginosus Eggerthella lenta Peptostreptococcus stomatis
Gemella haemolysans Dialister pneumosintes Clostridium paraputrificum
Actinomyces oris Capnocytophaga ochracea Megasphaera micronuciformis
Schaalia odontolytica Dialister invisus Mogibacterium timidum
Sohinonk : Corynebacterium pilbarense Streptococcus mutans
B um p
Escherichia coli Streptococcus hominis Gemella sanguinis
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Actinomyces oris Streptococcus periodonticum Aerococcus urinacequi
Streptococcus constellatus Brevibacillus brevis Corynebacterium accolens
Actinomyces naeshndii Neisseria macacae Lach obaculum
Fusobacterium perio Gemella taiwanensis
Rothia mucilagi) Streptococcus mitis
Streptococcus cristatus Neisseria flavescens
Streptococcus pneumoniae Haemophilus paraphrohaemolyticus
Lysinibacillus sphaericus Jannaschia seosinenis

B2 6 MFEAFSBEMEDKIFR

Figure 2 Isolated bacteria in 6 samples. A: the number of isolated bacteria in 6 samples; B: the Venn of
isolated bacteria between different alveolar lavage fluid samples; C: the bacteria isolated from the 6 samples
and their distribution in each sample.
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Table 1 The main phyla and genus level
composition of bacteria isolated from the 6 samples
Category Number of strains  Percentage/%
Firmicutes 51 50
Streptococcus 17 17
Staphylococcus 5
Veillonella 4
Actinomycota 21 21
Actinomyces 5 5
Corynebacterium 5 5
Bacteroides 10 10
Prevotella 8 8
Proteobacteria 15 15
Neisseria

Fusobacterium

Clostridium
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Isolation of bacteria at different time points. A: the number of bacteria isolated at each time point;

B: the total number of bacteria isolated at each time point.
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Isolated bacteria under different enrichment conditions. A: the number of isolated bacteria under

aerobic or anaerobic culture. The number in the middle was bacteria isolated from both conditions; B: the
number of isolated bacteria from the pre-enriched blood bottle with sheep blood or rumen fluid. The number
in the middle was bacteria isolated in either supplementary culture medium.
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Figure 5 The previous isolation locations of bacteria cultured in alveolar lavage fluid in this study. A:
intestine; B: oral cavity and respiratory tract; C: urethra and reproductive tract; D: heart, blood and brain; E:

body surface and environment.
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Table 2 The origin and classification of the six newly isolated strains

Names Sample sources Groups Closest relatives Identity/%
Strain 1 L1 Anaerobic/Rumen fluid Selenomonas sp. 96.71
Strain 2 L1 Anaerobic/Rumen fluid Stenotrophomonas maltophilia 89.13
Strain 3 L1 Anaerobic/Rumen fluid Prevotella pallens 97.49
Strain 4 L1 Anaerobic/Sheep blood Bacillus coagulans 97.30
Strain 5 L4 Anaerobic/Rumen fluid Shuttleworthia satelles 94.48
Strain 6 L6 Aerobic/Sheep blood Paenibacillus cineris 96.77
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