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Commensal Staphylococcus epidermidis promoted postembryonic
development of Drosophila melanogaster
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Abstract: [Background] Animals harbor many microbial species that exert profound effects on host
physiology and pathology, currently emerging as one of investigational hotspots. [Objective] To explore
Staphylococcus epidermidis effects on the developmental timing of Drosophila melanogaster. [Methods]
The bacteria were isolated from the fly guts by carotenoid expression medium (CEM), and the bacterial
species were further determined by using 16S rRNA gene sequence. The growth and development of flies
were detected. Real-time quantitative PCR was used to detect the activation of the prothoracicotropic
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hormone (PTTH) and insulin pathway in flies. [Results] The isolated strain was identified as S. epidermis,
which was able to effectively colonize in the guts of flies. S. epidermis accelerated the development of D.
melanogaster by promoting the growth rate. At the molecular level, S. epidermis activated PTTH and
insulin signals to stimulate the growth of hosts. [Conclusion] S. epidermis was a commensal bacterium of

flies, which stimulated the growth and development of flies by regulating PTTH and insulin signals.

Keywords: Staphylococcus epidermidis,
Commensal bacteria
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Table 1 Primers used for real-time quantitative PCR
analysis

Mot Primers sequence (5'—3')

name

PTTH CACTCCACATCCCACAGAGATGGCGATGG

CCACGAGCTCATTCGTAACTTTGC
InR AACAGTGGCGGATTCGGTT
TACTCGGAGCATTGGAGGCAT
GACGCTTCAAGGGACAGTATCTG
AAACGCGGTTCAGCATGA

rp4g

Stephviococcus epidermidis strain FY (M11546126)
Staphylococcus epidermidis sirain H44 (KU922314.1)
Staphviococcus sp. CKT3K (KU051663.1)
Staphytfococcus epidermidis strain 1138 (KU922312.1)

Leuconosioc pseudomesenteroides (LC223100.1)
Lactococcus lactis strain FY (MF281053)

M

Lactobaciltus brevisstrain RO97 (AF315219.1)

Acetobacter pomorum LMG 18848 (AJ419835.1)

— Escherichia coli isolate SIMHO36 (KT275828.1)

99— Hufiia aivei stirain F9 (KT767908.1)

1 REFEHRESHEMBXMAEET 16S rRNA EEFHIH RS L

Figure 1 Phylogenetic tree of S. epidermidis and relatives based on 16S rRNA gene sequence

e B PSS S KT PR ERS [ F E s 55 M0 GenBank 5t

Note: Bar: Nucleotide divergence; Number at notes present bootstrap percentages; Those numbers in parentheses are GenBank accession number.
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Figure 2 Colonization of S. epidermidis in the gut of D. melanogaster and medium
T A RIGHRERE MU ARG T B R ATERE AFURAT 7R 3R L5, 3%instar: 3 #4hH; Adult:
HrPAer . B RS 6 HAMRRY 3 W IR i T (bR kDR

Note: A: Colonization of S. epidermidis and L. plantarum in the gut of D. melanogaster; B: Colonization of S. epidermidis and L. plantarum

in the medium. 3 -instar: 3" instar stage larva; Adult: Newly emergence adult. Data represent the mean of 3 biological replicates containing

6 individuals each+SEM.
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Figure 3 S. epidermidis promoted the timing of fly development
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T: A: CR. GF. FRHECHI 4 ER i MG FIUAAT B AR MR LA 7] e B T B Wy AT U BT TR] ;. B: CR. GF. R EZ B AR I R AIEL
AT PR SR E A ] 8 T B v S T B P B ). B AR 30 HAMANY 5 IR E IR A T3 HARIER, 2 t kIt 225
MR E M. ***. P<0.001; **: P<0.01; *: P<0.05. HRE LR SHIRS CRIYILEL, F4& BRESFIRBOHHMNLEL.

Note: A: The timing of pupa formation of CR, GF, S. epidermidis-associated flies and L. plantarum-associated flies in food with different
yeast concentrations; B: The timing of adult emergence of CR, GF, S. epidermidis-associated flies and L. plantarum-associated flies in fly
food with different yeast concentrations. Data represent the mean of 5 biological replicates containing at least 30 individuals each + SEM,

and significant different was test by t test. ***: P<0.001; **: P<0.01; *: P<0.05, the asterisks above bar charts denote the comparison with
CR, while the ones above solid lines denote the comparision of designed group.
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Figure 4 S. epidermidis association promoted larval growth rate

e A: FEEFRQWEERE) AT, CR. GF. KL BRI UG FIFLAEAT AR ME A AR AR [ H L ; B 200 E57(0.5%0%
BRRBE)AIF T, CR. GF . 3R AR B R WS LA AT A R g n R R T AR R 28 B RS 10 AR 3 IRE 501 -1
AR IHEDR.

Note: A: Larval surface area of CR, GF, S. epidermidis-associated larvae and L. plantarum-associated larvae over time when grown on rich
diet (2% yeast). Linear regression curves are included (CR, y=0.762 6x—0.237 2; GF, y=0.650 7x-0.335 8; S. epidermidis, y=0.729 6x-0.124
4; L. plantarum, y=0.722 6x-0.159 2); B: Larval surface area of CR, GF, S. epidermidis-associated larvae and L. plantarum-associated larvae
over time when grown on poor diet (0.5% yeast). Linear regression curves are included (CR, y=0.701 1x-0.218 6; GF, y=0.355 2x-0.134 4; S.

epidermidis, y=0.593 6x-0.236 4; L. plantarum, y=0.529 6x-0.0295 4). Data represent the mean of 3 biological replicates containing at least
10 individuals each+SEM.
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Figure 5 S. epidermidis promoted the expression of hormonal and regulation of insulin signals

TF: A: CR. GF FI3 R 4Bk A SR L A IR 2 mRNA (9%, 58k, 5207 i PCR Kl PTTH AR T rpd9 3Rk &L B:
CR. GF I B BR A R MR A IR AL AT M IR R mRNA RYFESRRF-, SEISE it PCR A InR ABXS T+ rpd9 Rk, Py St
FV- PR IER.

Note: A: The PTTH mRNA level of CR, GF and S. epidermidis-associated D. melanogaster. PTTH expression relative to rp49 was analyzed

by quantitative RT-PCR; B: The InR mRNA level of CR, GF and S. epidermidis-associated D. melanogaster. InR expression relative to rp49
was analyzed by quantitative RT-PCR. Data in figures are mean+SEM.
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