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Pathogenicity of Gluconobacter oxydans toward Drosophila
suzukii and probiotics by reducing pH

YANG Weikang, ZHANG Sheng, WANG Ziguang, HE Nana, ZHOU Chuanming,
ZHOU Shaojie, LIU Anqi, JI Xiaowen, LIU Wei'

School of Plant Protection, Anhui Agricultural University, Hefei 230036, Anhui, China

Abstract: [Objective] To isolate the pathogenic bacteria of Drosophila suzukii and study the
mechanism of bacterial pathogenicity towards the host. [Methods] The pathogenic bacteria
were isolated by the plate streaking method and identified based on the 16S rRNA gene
sequences. The acidified ethanol method was employed to measure the ability of the isolate to
cause browning. The pathogenicity of the isolate was examined by oral infection.
Dihydroethidium (DHE) was used to determine the level of reactive oxygen species (ROS), and
brilliant blue staining was used to examine the intestinal permeability. [Results] A strain was
isolated from the brown culture medium of D. suzukii and identified as Gluconobacter oxydans.
The strain reduced the survival rate of D. suzukii to 49.41% on day 8 (P<0.001). Furthermore,
it weakened the tolerance of D. suzukii to desiccation and starvation, reducing the survival rate
to 58% and 50.9% at the time points of 24 h and 32 h, respectively (P<0.001). Moreover, the
flies treated with G. oxydans displayed impaired integrity of the intestine and had higher level
of ROS in the guts than the control group (P<0.001). G. oxydans robustly reduced the medium
pH (pH 2.0), which compromised the survival rate of D. suzukii and the growth of Lactobacillus
plantarum, a probiotic of D. suzukii. [Conclusion] G. oxydans was a potent pathogen capable of
reducing the survival rate of D. suzukii by lowering the medium pH and inhibiting the growth of
probiotics, demonstrating the potential of serving the biocontrol of D. suzukii.

Keywords: Drosophila suzukii; Gluconobacter oxydans; pathogenicity; biocontrol; pH value
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1 315/1 315), T H-5HAth Gluconobacter oxydans
IR R 01 G RAHIE . IR R AE T S IR R A b
WEIEA A a ., FE, ROt Sags
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IR R 5L BB 1B).
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Gluconobacter oxydans Y930 (OR053663.1)
99| Gluconobacter oxydans ATCC 9937 (MK759909.1)
Gluconobacter oxydans KB (ON729432.1)
Gluconobacter oxydans DS1FC 10 (LN884061.1)
Gluconobacter albidus NBRC 3250 (NR041047.1)

100

Browning

{Acetobacter aceti NG323 (MW858072.1)
Acetobacter pasteurianus WSS15 (LLC739676.1)

1 SIERYBTHRMSBEESERE
Figure 1

Lactiplantibacillus plantarum JCM 1149 (NR115605.1)

100
—‘—Lactobaci![us delbrueckii NCDO 213 (NR118877.1)

Isolation and identification of the bacterium to brown fly food. A: The bacterium causes food

browning. B: Phylogenetic tree of Gluconobacter oxydans and other related bacteria. Scale bar indicates the
nucleotide divergence. Numbers in the notes present bootstrap percentages. The GenBank accession numbers

in parentheses.
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SCEH, HERRTESS 14 RETFTE R A 93.3%, TE
55 17 RESAETE RN RER] 73.3% (1 3B). LA 145
WKW, G. oxydans A i & H FRAR S8 7715 K
(P<0.001).,
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90¢
8.0F
]
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@]
Lo
701
—o— L. plantarum
- G. oxydans

24

t/h

60012 22 43 7
t/h

43 7 0

2 Gluconobacter oxydans 7£ R#g 1535 & F By 4514
Figure 2 Growth traits of Gluconobacter oxydans on medium. A: Browning of food over time. B:

Quantitative determination of browning of G. oxydans
number of G. oxydans colonizing on Drosophila suzukii
Lactobacillus plantarum.
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at different dilution ratios in time course. C: The
medium surface was significantly lower than that of
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T — =%

Figure 3 Detection of pathogenicity of Gluconobacter oxydans in Drosophila suzukii. A: G. oxydans was
lethal to female D. suzukii. B: G. oxydans was lethal to male D. suzukii. C: G. oxydans reduced D. suzukii
resistance to thirst. D: G. oxydans reduced D. suzukii resistance to starvation. E: G. oxydans robustly reduced
pH value in medium. F: Low pH food reduced D. suzukii survival. The error bar was shown by SEM, three
independent replicates, N>50, and the survival rate curve was generated. The log-rank test method was used
to calculate the significant difference between the survival rate curves of the two groups. G.O: G. oxydans;
L.p: L. plantarum; ns: insignificant difference; ***: P<0.001; ****: P<(.000 1.

R, JFH7E 48 h NAFBBET:, ThXT AL
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pH 5% 23, HHFE, ~ERAE AR
L. plantarum 7£ 16 h 1 36 h ) pH 435k 5.4 Al
4.8, 18 FEE AR pH {E(P<0.001) (K 3E).
DL F4ESGH G, oxydans AT DG S AL EE 35
FLRA pH {H. H1F G. oxydans X A EHE
PE, T H IR AT DL BRI FR A pHL, PR AR
G. oxydans ] GE i 1 i £ A1 pH 1 S B i
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B 42.67% (K 3F), SxXtMAEREE
(P<0.001), 42/~ G. oxydans n i id f&{% pH i
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POl R O O I B D Oy i R Y
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4 Gluconobacter oxydans & X SR 48 7 iE 518 14
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2 fii Sl B SR R (18] 4A), f# A Image T #{F
X i A I, S5 IR A B, X RRAFIY
AN 0.71 mm?, L. plantarum &b FZH S35 i
BN 0.63 mm’, WiE2ZERAEE, 1 G. oxydans
b BRLFSE- Y TH AR 1.0 mm?, 5835 R T 9 4 % R
(P<0.001) (&1 4B), %] G. oxydans & 7 2 R b
Wil B B K.
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¥, J1 DHE % ODgoo A 100 [# A ALIE 7 d 1
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R, AL SR T AL (& 4C). flTH
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=
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Figure 4 Gluconobacter oxydans caused increased intestinal permeability in Drosophila suzukii. A:
G. oxydans caused abdominal enlargement in D. suzukii. B: Blue area of D. suzukii’s abdomen. C:
Fluorescence staining for peroxidase activity using dihydroethidium (DHE) in fly midgut. D: The
quantification of fluorescence intensity. The data in the figure are mean=standard error, and the symbols on
the violin plot indicate the significance of the difference between the two groups (same letter means
insignificant difference, different letter means significant difference, P<0.001).
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Figure 5 Gluconobacter oxydans inhabits Lactobacillus plantarum growth by reducing pH. A: L. plantarum
is difficult to completely inhibit the browning caused by G. oxygens. B: L. plantarum is difficult to
completely inhibit the pH reduction of medium caused by G. oxygens (G.O: G. oxydans; L.p: L. plantarum).
C: L. plantarum and its metabolites are unable to prevent browning caused by G. oxygens. D: Low
concentration of G. oxydans can decrease the number of L. plantarum CFU. E: G. oxygens can reduce the
number of L. plantarum CFU after 48 hours of pre-growth. F: L. plantarum can’t grow on a medium
containing the metabolites of G. oxygens. G: L. plantarum don’t grow on medium conditioned by dilute
hydrochloric acid. L. plantarum can be grown on a medium containing G. oxydans metabolites conditioned
with NaOH. The data in the figure are mean+standard error, and the symbols on the violin plot indicate the
significance of the difference between the two groups (same letter means insignificant difference, different
letter means significant difference, P<0.001).
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