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ABSTRACT

We recently reported that transglutaminase (TG) suppresses immune deficiency

pathway-controlled antimicrobial peptides (IMD-AMPs), thereby conferring immune tolerance to gut

microbes, and that RNAi of the 7G gene in flies decreases the lifespan compared with non-7G-RNAI flies.

Here, analysis of the bacterial composition of the Drosophila gut by next-generation sequencing revealed

that gut microbiota comprising one dominant genus of Acefobacter in non-7G-RNA. flies was shifted to

that comprising two dominant genera of Acetobacter and Providencia in TG-RNAI flies. Four bacterial

strains, including Acetobacter persici SK1 and Acetobacter indonesiensis SK2, Lactobacillus pentosus

SK3, and Providencia rettgeri SK4, were isolated from the midgut of 7G-RNAI flies. SK1 exhibited the

highest resistance to the IMD-AMPs Cecropin Al and Diptericin among the isolated bacteria. In contrast,

SK4 exhibited considerably lower resistance against Cecropin A1, whereas SK4 exhibited high resistance

to hypochlorous acid. The resistance of strains SK1-4 against IMD-AMPs in in vitro assays could not

explain the shift of the microbiota in the gut of 7G-RNAI flies. The lifespan was reduced in gnotobiotic

flies that ingested both SK4 and SK1, concomitant with the production of reactive oxygen species and

apoptosis in the midgut, whereas survival rate was not altered in gnotobiotic flies that mono-ingested

either SK4 or SKI1. Interestingly, significant amounts of reactive oxygen species were detected in the

midgut of gnotobiotic flies that ingested SK4 and SK2, concomitant with no significant apoptosis in the

midgut. In gnotobiotic flies that co-ingested SK4 and SK1, an additional unknown factor(s) may be

required to cause midgut apoptosis.



INTRODUCTION

Foreign substances, including foods, minerals, and microbes, continually pass through the intestinal
tract and attach to the gut epithelium. Development of physical and immunologic barriers against foreign
substances is thus essential to protect the gut epithelia. Healthy and balanced gut microbiota provide
essential nutrients for their host and help to maintain gut immune homeostasis, whereas disruption of the
balance, called dysbiosis, is associated with various animal diseases (1, 2). The fruit fly, Drosophila
melanogaster, is a useful model for investigating the close relationship between bacteria and bacteria or
host and bacteria interactions (3, 4), and the gut microbial community of Drosophila comprises ~10°
microbes of ~20 species (5—7). The Drosophila gut is functionally analogous to the mammalian intestinal
tract (8, 9), producing antimicrobial peptides (AMPs) and reactive oxygen species (ROS) (10, 11).
Microbes or microbe-derived immune elicitors in the fly gut can initiate several immune signaling
pathways, such as the immune deficiency (IMD)-pathway activated by peptidoglycans to produce AMPs
and the dual oxidase (DUOX) signaling pathway activated by uracils to produce ROS (11-14). In addition
to pathogenic bacteria, commensal microbe-derived peptidoglycans constitutively activate the IMD
pathway in the gut through peptidoglycan recognition protein-LC and peptidoglycan recognition
protein-LE, and several types of suppression of the IMD pathway have been reported (10, 15). On the
other hand, non-commensal bacteria, such as the opportunistic insect pathogen Eccl5, and the insect
pathogens Pseudomonas entomophila and Gluconobacter morbifer G707T, secrete uracil to trigger the

DUOX-dependent ROS production (16). The IMD pathway-controlled antimicrobial peptides



(IMD-AMPs) exhibit a microbicidal effect on a narrow range of virulent bacteria, whereas ROS-based
immunity appears to be a more effective anti-microbial system against gut infection (11-14).
Transglutaminase (TG) catalyzes the isopeptide bond formation between Lys and Gln residues in a
Ca**-dependent manner (17). In mammals, eight TG isozymes are involved in various biologic processes,
such as blood coagulation, extracellular matrix formation, and apoptosis (18). In invertebrates, such as
horseshoe crabs, crayfish, and Drosophila, TG-mediated crosslinking of specific proteins is involved in
hemolymph coagulation and cuticle formation (19-22). Drosophila carries a single TG gene, which
crosslinks the nuclear factor-kB-like transcription factor Relish in the IMD pathway in midgut cells to
suppress the expression of antimicrobial peptides (23). RNAI of the TG gene enhances the expression of
IMD-AMPs, including Cecropin Al and Diptericin, which decreases the lifespan concomitant with
apoptosis of the midgut cells, compared with non-7G-RNAI flies (23). Interestingly, 7G-RNAi does not
decrease the lifespan of germ-free flies, whereas non-7G-RNAI flies that ingest gut lysates prepared from
conventionally reared 7G-RNAI flies have a short lifespan (23). We hypothesized that TG-RNAi causes
dysbiosis of the gut microbiota, leading to a short lifespan. Here we identified the bacterial composition
in the gut of 7TG-RNAi and non-7G-RNAi flies by next-generation sequencing, and characterized the

microbes isolated from the gut.



RESULTS

Effects of TG-RNAi on gut flora — The survival rates of conventionally reared TG-RNAi (Da>TG IR)

and non-7G-RNAi (Da>+) flies as control flies are shown in Figure 1, which confirmed that RNAi

directed against the 7G gene reduces the lifespan of flies under conventional non-sterile conditions (23).

To investigate the effects of 7G-RNAI on the gut microbiota, gut microbes of 0.5-day-old and 10-day-old

non-7G-RNAi or TG-RNA:I flies were analyzed using next-generation sequencing of 16S rRNA gene

(rDNA) clones. Four genera of bacteria were identified in both non-7G-RNAi and TG-RNAi flies,

including Acetobacter, Lactobacillus, Providencia, and Wolbachia (Table 1). These genera were

previously reported as bacterial communities in D. melanogaster (24—30). Bacteria that highly matched

the sequences of the V4 region of the 16S rDNA clones are shown in Table 2. In this study, Wolbachia is

not discussed because it is an endosymbiont bacteria, not a gut microbe (31). The effective number of

bacterial cells was estimated as described in “EXPERIMENTAL PROCEDURES”. In 0.5-day-old

non-7G-RNAI flies, the most dominant genus was Acetobacter, followed by Providencia (Fig. 24, left

panel). In 0.5-day-old TG-RNA.I flies, Providencia was the most dominant, followed by Acetobacter (Fig.

24, right panel). Lactobacillus was a recessive genus in both cases in 0.5-day old flies (Fig. 24, right and

left panels). Acetobacter became more dominant, whereas Providencia and Lactobacillus were not

identified in 10-day-old non-7G-RNAI flies in the sequencing analysis (Fig. 2B, left panel). Interestingly,

microbiota in 10-day-old 7G-RNAI flies contained two bacterial dominant microbiota, Acetobacter and

Providencia, at a ~1:1 ratio in the gut (Fig 2B, right panel). To determine whether the total number of gut



bacteria was changed by 7G-RNA|, the copy number of the 16S rDNA was analyzed by quantitative PCR

(qPCR) after considering the 16S rRNA copy number of each genus (Fig. 2C). The total number of gut

bacteria did not differ significantly between 0.5-day-old non-7G-RNAi and 0.5-day-old TG-RNAi flies,

whereas the bacterial load was increased 10-fold in 10-day-old 7G-RNAI flies compared to 10-day-old

non-7G-RNAI flies, suggesting that dysbiosis of the gut microbiota was induced by 7G-RNAI to increase

the number of gut microbes compared to that in non-7G-RNAi flies. We previously reported that

TG-RNAI enhances the expression of IMD-AMP genes such as Cecropin Al and Diptericin (23). To

confirm the induction of IMD-AMPs by TG-RNAI, the expression of Cecropin Al was measured by

gPCR. No difference in the expression of Cecropin A1 was observed in the guts of 0.5-day-old flies

between non-7G-RNAi and 7G-RNA:I flies, whereas in 10-day-old flies, the expression of Cecropin A1

was significantly increased in 7G-RNAI flies, but not in non-7G-RNA! flies (Fig. 2D).

Antimicrobial peptide-resistance of the isolated bacteria — IMD-AMPs in the Drosophila gut act as a

selective pressure and overexpression of IMD-AMPs induces dysbiosis, although the importance of

IMD-AMPs in immune responses in the gut is unclear (12, 24). We speculate that 7TG-RNA! triggers a

shift in the gut microbiota from the single bacterial dominant microbiota of Acetobacter to the two

bacterial dominant microbiota of Acetobacter and Providencia through regulation of the production of

IMD-AMPs. We isolated gut bacteria from 10- to 12-day-old non-7G-RNAi or TG-RNA! flies by plating

and incubating gut homogenates on Hestrin-Schramm medium agar plates and nutrient agar medium

plates. Four bacterial strains were isolated from the midgut of the flies; the SK1 and SK3 strains were



1solated from both non-7G-RNAi and TG-RNAI1 flies, and the SK2 and SK4 strains were isolated from

TG-RNAI flies, but not from non-7G-RNA. flies. Sequence analyses of the entire 16S rDNAs identified

these isolated strains (SK1, SK2, SK3, and SK4) as Acetobacter persici, Acetobacter indonesiensis,

Lactobacillus pentosus, and Providencia rettgeri, respectively (Table 3).

To evaluate the colonization ability of strains SK1-4, bacterial loads in the midguts of germ-free

TG-RNAI or germ-free non-7G-RNAI flies that transiently ingested each bacterial strain were examined

(Fig. 3). SK1 and SK4 colonized equally in the midguts of both non-7G-RNAi and 7G-RNAI flies. In

contrast, little or no bacterial load of SK2 and SK3 was found in non-7G-RNAI flies, especially the

middle and posterior midgut regions, but sufficient bacterial loads of SK2 and SK3 were counted in the

midguts of TG-RNAI flies. These findings suggest that a better intestinal habitat is provided for specific

bacterial strains under the conditions of 7G-RNAi despite the increasing expression of IMD-AMPs in the

fly gut. To investigate the resistance of strains SK1-4 to IMD-AMPs, the antimicrobial activities of

Cecropin Al and Diptericin were assayed (Figs. 4 and 5 and Table 4). SK1 exhibited the strongest

resistance to Cecropin Al with an ICs, value of >10 pg/mL in isolated and established bacteria (Fig. 4

and Table 4). The ICsy value of SK2 and SK3 to Cecropin A1 was an order of magnitude higher

(0.22~0.35 pg/mL) than the ICs values of established bacteria (0.05~0.06 pg/mL; Fig. 4 and Table 4). In

contrast, SK4 exhibited considerably lower resistance against Cecropin A1 with an ICs of 0.07 pg/mL,

similar to that of established bacteria (Fig. 4 and Table 4). Notably, Diptericin had no or little inhibitory

effect on the growth of SK1 or SK3 at a concentration of 20 pg/mL (Fig. 5 and Table 4). SK4 also had



significantly higher resistance to Diptericin than the established bacteria, including Erwinia carotovora

carotovora 15 2141, Pseudomonas azotoformans 1AM 1603, and Escherichia coli K12 (Fig. 5 and Table

4). Providencia alcalifaciens JCM1673T, belonging to the same genus of SK4, exhibited rather high

resistance to Diptericin (Fig. 5 and Table 4).

No experimental conditions to culture all microbial communities in the fly gut have been established

and strains SK1-4 may not reflect the complete microbiome of 7G-RNAI flies. Gluconobacter morbifer

G707T is reported to be a microbe with pathologic consequences in the Drosophila gut (24). G. morbifer

G707T and reported intestinal strains, including Commensalibacter intestini A911T, Acetobacter

pomorum, Lactobacillus brevis EW, and Lactobacillus plantarum WIJIL (24), could be cultured under the

same conditions used for SK1, and their antimicrobial resistance was examined (Table 5). G. morbifer

G707T exhibited significantly lower resistance against Cecropin Al at 1.0 pug/mL, compared with the

other commensal stains, whereas Diptericin at 10 pg/mL had little effect on the growth of G. morbifer

G707T. On the other hand, in this study, the genera Gluconobacter and Commensalibacter were not

identified in the midguts of non-TG-RNAi and TG-RNAIi flies by next-generation sequencing of 16S

rDNA. Therefore, we used strains SK1-4 as representative microbiota of 7G-RNAI flies.

Anti-ROS activities of the isolated bacteria — In Drosophila, midgut cells may be tolerant toward

commensal bacteria and at the same time they should be protected against the invasion of virulent

pathogens. The Drosophila genome contains one DUOX gene, which is indispensable for gut immunity,

and an extracellular peroxidase homology domain of DUOX has the enzymatic activity to produce highly

10



microbicidal hypochlorous acid (HOCI) from H,0, in the presence of chlorine (32). On the other hand,

severe gut infection by pathogenic bacteria induces excessive production of DUOX-dependent ROS to

damage host tissues and cells, and thus decreases the survival rate (11, 16). Strains SK1-4 were incubated

in the presence of HOCI containing 15 pg/L or 50 pg/L available chlorine to determine the resistance to

ROS (Table 6). Treatment with 15 pg/L of HOCI had little or no effect on strains SK1-4. Furthermore,

SK1 and SK4 were quite resistant to HOCI at a higher concentration of 50 pg/L. On the other hand, the

growth of SK3 was strongly suppressed at 50 pg/L of HOCI. These findings suggest that SK1 and SK4

acquire high resistance against ROS in the Drosophila gut. Moreover, the intestinal strains of A. pomorum

and L. brevis EW, and the insect opportunistic pathogen Eccl5 2141 exhibited very high anti-ROS

activity at 50 ug/L of HOCI (Table 6). In contrast, C. intestini A911T, E. coli K12, and P. alcalifaciens

JCM1673T were highly sensitive to HOCI under the same conditions (Table 6).

Effects of long-term ingestion of strains SK1-4 on survival rates and midgut apoptosis — Gut bacteria

are important for maintaining host homeostasis by generating nutrients and inhibiting the growth of

invading pathogens (2, 33, 34). In Drosophila, a strain of A. pomorum plays an important role in host

homeostatic programs such as body size and energy metabolism by activating insulin/insulin-like growth

factor signaling (35). To examine the effects of the ingestion of strains SK1-4 on the fly survival rate,

gnotobiotic flies were prepared by long-term feeding in germ-free flies. Survival rate experiments using

gnotobiotic flies revealed that mono-ingestion of strains SK1-4 for 25 days had little effect on the survival

rates (Fig. 64). Interestingly, in gnotobiotic flies, co-ingestion of SK4 and SK1 significantly decreased
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the survival rate, whereas co-ingestion of SK4 and SK2 had little effect. To examine the colonization
ability of strains SK1-4 in the long-term ingestion experiments, bacterial loads of gnotobiotic flies that
mono-ingested or co-ingested strains SK1-4 were counted at 15 and 25 days after ingestion (Fig. 6B).
After 25 days ingestion, each strain exhibited sufficient colonization with 10*~10> colony forming units
(CFUs)/gut whether mono- or co-ingested. Bacterial loads of mono-ingested strains SK1-3 after 25 days
ingestion were 10-times greater than those after 15 days ingestion. The phenomenon of an age-dependent
bacterial load increase in the midgut was reported previously (29).

We previously performed TUNEL assays and detected apoptotic cells in the middle midgut of
conventionally reared 7G-RNAI flies, but not in conventionally reared non-7G-RNAi flies or germ-free
TG-RNA.I flies (23). To evaluate the effects of long-term ingestion of strains SK1-4 on apoptosis of
midgut cells, we performed TUNEL assays after 18 days ingestion. The number of TUNEL-positive guts
was significantly increased in the middle midgut region of gnotobiotic flies that co-ingested SK4 and SK 1
compared with gnotobiotic flies that mono-ingested SK4 or co-ingested SK4 and SK2 (Fig. 7). Therefore,
the cause of apoptosis in the midguts is not simply due to a larger number of bacteria in the gut.

ROS production in the midgut following long-term ingestion of strains SKI1-4 — Bacteria-derived
uracil, which is secreted by pathogenic or opportunistic bacteria but not by commensal bacteria, acts as a
signal to trigger the ROS production of DUOX through a G-protein-coupled receptor-mediated signaling
pathway in the fly gut (16). ROS production in the midgut of gnotobiotic flies was examined after 18 days

ingestion, using a fluorescent probe, CellROX green. The signal intensity of CellROX induced by ROS
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production was measured quantitatively by a fluorescent cell imager. ROS production was statistically

greater in the midgut of gnotobiotic flies that co-ingested SK4 and SK1 compared with that of gnotobiotic

flies that mono-ingested SK4 (Fig. 84). Interestingly, gnotobiotic flies that co-ingested SK4 and SK2 also

exhibited high ROS production in the midgut (Fig. 84). To confirm that ROS production was induced by

co-ingestion of SK4 and SK1 or SK2, uracil-sensitive Drosophila S2 cells were treated with microbial

extracts derived from mono- or co-incubated bacterial strains, as described in “EXPERIMENTAL

PROCEDURES”. ROS production in S2 cells was examined using another fluorescent probe, 2',

7'-dichlorofluorescin-diacetate (DCF-DA). The number of fluorescence-positive cells was greater in S2

cells treated with the extract derived from co-incubated SK4 and SK1 or SK2, but not with the extracts

derived from mono-incubated SK4, SK1, or SK2 (Fig. 8B).

Expression of IMD-AMP genes in gnotobiotic flies that mono- or co-ingested strains SKI1-4 —

TG-RNAI enhances the expression of IMD-AMP genes such as Cecropin AI and Diptericin (23) (Fig.

2D). Here we examined the expression of these genes in gnotobiotic flies that mono- or co-ingested

strains SK1-4 (Fig. 9). Unexpectedly, expression of both genes was markedly induced in gnotobiotic files

that co-ingested SK4 and SK2, but not gnotobiotic flies that co-ingested SK4 and SK1 or mono-ingested

SK4. These findings suggest that the release of microbe-derived elicitors, peptidoglycans, to induce the

expression of IMD-AMP genes was suppressed in the midgut in gnotobiotic flies that co-ingested SK4

and SK1 or mono-ingested SK4.
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DISCUSSION

In the present study, 16S rDNA sequencing analysis and characterization of bacteria isolated from

the gut revealed that microbiota comprising the single dominant genus of Acetobacter in non-TG-RNAi

flies was shifted to that comprising the two dominant genera of Acetobacter and Providencia in TG-RNAi

flies, leading to gut dysbiosis (Figs. 24 and 2B). Four bacterial strains, including Acetobacter persici SK1,

Acetobacter indonesiensis SK2, Lactobacillus pentosus SK3, and Providencia rettgeri SK4, were isolated

from the midgut of 7G-RNAI flies. SK1 and SK3 were also isolated from the midgut of non-7G-RNAi

flies. Acetobacter-dominated gut microbiota of Drosophila has been reported, and multiple factors could

contribute to the establishment of the composition of microbiota, such as environmental circumstances,

compatibility of bacteria, and transmission of bacteria from mother flies to their offspring (28, 30, 36).

SK1 exhibited the strongest resistance against IMD-AMPs, including Cecropin Al and Diptericin, and

ROS, compared to the other three isolated bacteria (Figs. 3 and 4 and Tables 4 and 6), which could

explain why the genus Acetobacter is dominant in non-7G-RNAi flies. Why the genus Providencia

becomes another dominant genus in 7G-RNAI flies, however, remains unclear, because SK4 exhibited

very low resistance against Cecropin Al with an ICsy value of 0.07 pg/mL, similar to the established

bacteria P. alcalifaciens JCM 1673T with an ICsy of 0.05 pg/mL (Table 4). In humans, P. rettgeri and P.

alcalifaciens are opportunistic pathogens known to cause diarrhea (37). The resistance of strains SK1-4

against IMD-AMPs in in vitro assays could not explain the shift of microbiota in the gut in 7G-RNAI

flies. Interestingly, gene expression of IMD-AMPs was significantly suppressed in gnotobiotic flies that
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co-ingested SK4 and SK1 or mono-ingested SK4 compared with that of gnotobiotic flies that co-ingested

SK4 and SK2 (Fig. 9). It is possible that SK4 belonging to the opportunistic species P. rettgeri displays a

cryptic defense mechanism against IMD-AMP gene expression depending on the environmental

conditions in the midgut, but not in the in vitro culture conditions. SK4 exhibited much higher resistance

to ROS than P. alcalifaciens JCM 1673T (Table 6). According to a septic injury model in Drosophila, P.

rettgeri Dmel and P. alcalifaciens Dmel are moderately and highly virulent pathogens, respectively (38,

39), suggesting that SK4 becomes a virulent opportunistic bacterial strain in the fly gut.

In addition to the shift in the gut microbiota, 10-day-old 7G-RNAI flies retained a higher bacterial

load in the gut than 10-day-old non-7G-RNAIi flies (Fig. 2C). We previously reported that systemic

TG-RNAI causes a peritrophic matrix defect that allows for the penetration of dextran beads from the gut

lumen into the ectoperitrophic space (23), and that TG-catalyzed crosslinking of peritrophic matrix

protein is important for protection against pathogenic bacteria (40). The peritrophic matrix in the fly gut is

a non-cellular sieve-like structure that lines the midgut epithelium and provides protection from food

particles and enteric pathogens (10, 41), and therefore, the defect in the peritrophic matrix by 7G-RNAI is

a possible cause of the high bacterial load in TG-RNA! flies.

One of the important findings in this study is that gnotobiotic flies that co-ingested SK4 and SK1 had

a short lifespan, but not gnotobiotic flies that mono-ingested each of the strains SK1-4 (Fig. 64). In

Drosophila, ingestion of pathogenic bacteria promotes excess generation of ROS to cause apoptosis,

leading to a short lifespan (16). In gnotobiotic flies that co-ingested SK4 and SK1, the percentage of
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TUNEL-positive guts and ROS production in the midgut were both statistically significant, but not in

flies that mono-ingested SK4 (Figs. 78 and 84). ROS production was also observed in S2 cells by adding

the microbial extract derived from co-incubated SK4 and SK1, but not in the flies that mono-ingested

SK4 or SK1 (Fig. 8B). These findings suggest that microbiota comprising the two dominant bacteria of

the genus Acetobacter and Providencia in TG-RNAI flies may produce ROS, resulting in a short life span.

Interestingly, gnotobiotic flies that co-ingested SK4 and SK2 exhibited significant ROS production in the

midgut (Fig. 84), and ROS production was also induced in S2 cells by treatment with microbial extract

derived from co-incubated SK4 and SK2 (Fig. 8B). Gnotobiotic flies that co-ingested SK4 and SK2,

however, exhibited no significant apoptosis of the midgut cells (Fig. 7) and did not have a significant

short lifespan (Fig, 64). To our knowledge, uracil is the only metabolite to trigger DUOX-dependent ROS

production and it is released from pathobionts, not commensal bacteria (16,42), suggesting that uracil is

secreted from the opportunistic strain P. rettgeri SK4 in the midgut of gnotobiotic flies that co-ingested

SK4 and SK1 or SK2. In gnotobiotic flies that co-ingested SK4 and SK1, an additional unknown factor(s)

may be required to cause midgut apoptosis, leading to a short lifespan.
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EXPERIMENTAL PROCEDURES

Fly stocks — Flies were maintained at 25°C on standard Drosophila medium (%, w/v): dry yeast
(Oriental Yeast, Japan), 3.2; corn flour (GABAN, Japan), 3.2; glucose (Nacalai Tesque, Japan), 8.0; agar
(Nacalai Tesque), 0.64; propionic acid (Nacalai Tesque), 0.24; and methyl p-hydroxybenzoate (Wako,
Japan), 0.04. Da-GAL4 and w''’® were obtained from the Bloomington Stock Center (Bloomington, IN,
USA). UAS-TG IR flies were obtained from the National Institute of Genetics (Mishima, Japan). To
obtain the 7G-RNAi flies, Da-GAL4 flies were crossed with UAS-TG IR flies, and to obtain the
non-TG-RNAI flies, Da-GAL4 flies were crossed with w''*® flies, as described previously (22). The fly
strain Rel””’ was described previously (43).

Bacterial strains — P. alcalifaciens JCM 1673T and P. azotoformans 1AM 1603 (JCM 2777) were
obtained from the Japan Collection of Microorganisms, RIKEN BRC, participating in the National
BioResource Project of the MEXT, Japan. Eccl5 2141 (44) was provided by S. Kurata at Tohoku
University (Sendai, Japan). G. morbifer G707T, C. intestini A911T, A. pomorum, L. brevis EW, and L.
plantarum WJL (24) were provided by W.-J. Lee at Seoul National University (Seoul, Korea).

Bacterial 16S rDNA analysis — Genomic DNAs from midguts of 0.5- and 10-day-old 7G-RNAi
(Da>TG IR) or non-TG-RNAi (Da>+) flies maintained under conventional rearing conditions were
extracted using NucleoSpin® Tissue XS (MACHEREY-NAGEL GmbH & Co. KG, Germany). PCR
amplification was performed for each sample with Tks Gflex' DNA Polymerase (Takara Bio, Japan)

using the following primers (45): forward primer, 515F 5’-AAT GAT ACG GCG ACC ACC GAG ATC
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TAC ACT ATG GTA ATT GTG TGC CAG CMG CCG CGG TAA-3’; reverse primer, 806R 5’-CAA

GCA GAA GAC GGC ATA CGA GAT XXX XXX XXX XXX AGT CAG TCA GCC GGA CTA CHV

GGG TWT CTA AT-3’. The X-repeated sequence shows the Golay barcode (46). Cycling conditions

were 1 min at 94°C, followed by 28 cycles of 10 s at 98°C, 15 s at 60°C, and 15 s at 68°C, and 5 min at

68°C at the final elongation step. PCR products were quantified by an Agilent 2100 Bioanalyzer (Agilent

Technologies, USA) and then sequenced using an Illumina MiSeq sequencer (150 base-pair paired-end

reads of the V4 region of the 16S rDNA) at Takara Bio. A total of 24,437,440 reads (2,500,000 = 350,000

reads per sample) were obtained, and quality filtering, removal of chimeras, and de-noising were

performed by CD-HIT-OTU 0.01 (http://weizhong-lab.ucsd.edu/cd-hit-otu/) (47) with default parameters.

Sequences from Read 1 and Read 2 were clustered into operational taxonomic units (OTUs) at 97%

identity using the CD-HIT-OTU pipeline, and then the sequences were taxonomically classified down to

the genus level with the EzTaxon server (48).

Bacteria contain multiple heterogeneous 16S rRNA genes in their genomes, and the gene copy

number information was obtained from the rRNA Operon Copy Number Database (77nDB)

(http://rrndb.cme.msu.edu). To estimate the effective number of reads, read count data of the

next-generation sequencing were corrected using representative copy numbers of the corresponding

genera, five copies for Acetobacter and seven copies for Providencia. The copy number of genus

Lactobacillus varies from one to nine depending on the species, and the median number of the gene

copies (5 copies) was used.
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Quantitative PCR — To quantify the number of bacteria, 16S rRNA bacteria-specific oligonucleotide

primers, HDA1 (5’- ACT CCT ACG GGA GGC AGC AGT -3’) and HDA2 (5’- GTA TTA CCG CGG

CTG CTG GCA C -3’), were used (23). The theoretical coverage rate of the HDA1-HDA?2 primer set at

the genus level was evaluated to be 99.4% for Acetobacter, 98.3% for Providencia, and 96.1% for

Lactobacillus, using the TestPrime 1.0 program (http://www.arb-silva.de/search/testprime/). Standard

calibration curves were generated using 10-fold serial dilutions of a plasmid containing a segment of the

rp49 or 16S rRNA genes. Genomic DNA was extracted from the midguts of 0.5- and 10-day-old

non-7G-RNAi and TG-RNAI flies (4 guts per sample) by phenol/chloroform extraction, and used as

templates. The number of gut bacteria was estimated after correction using the representative copy

numbers, as described under “Bacterial 16S rDNA analysis”, and then normalized to the amount of

genomic 7p49, and estimated per gut. To quantify the copy number of Cecropin Al and Diptericin, total

RNA from conventionally reared adult midguts or germ-free adult midguts following 18 days ingestion

were extracted with RNAiso (Takara Bio, Japan) and treated with deoxyribonuclease I, and then total

RNA (400~450 ng) was used as template for reverse transcription using SuperScript III (Life

Technologies Co. Ltd., USA). Absolute copy numbers analyzed for Cecropin Al and Diptericin were

normalized to absolute control 7rp49 mRNA copy numbers. Standard calibration curves were generated

using 10-fold serial dilutions of a plasmid containing a segment of the rp49, Cecropin A1, and Diptericin.

The set of PCR primers was previously described (23). All gPCR was performed with FastStart Essential

DNA Green Master (Roche, USA), and the reactions were performed on a LightCycler Nano (Roche,
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USA).

Isolation of gut microbes — To obtain strains belonging to the genera Acetobacter and Lactobacillus,

homogenates of midguts (1-2 guts dissected from adult 10- to 12-day-old TG-RNAi or non-7G-RNAi

flies) were plated on Hestrin-Schramm medium plates containing 2.0% glucose, 0.5% bacto peptone

(Difco, USA), 0.5% yeast extract (Difco, USA), 0.68% Na,HPO,-12H,0, 0.15% citric acid monohydrate,

and 1.5% agar adjusted to pH5.0 with 1 M CH3COOH (49), and incubated for 2 days at 30°C. To obtain

strains belonging the genera Providencia species, homogenates of midguts (1-2 guts dissected from adult

10- to 12-day-old TG-RNAi or non-7G-RNAi flies) were plated on nutrient agar medium plates

containing 5.0% bacto peptone, 3.0% beef extract (MP Biomedicals, USA), 1.5% agar, 0.05% phenol red,

0.04% 2,3,5-triphenyl tetrazolium chloride (50, 51), and incubated for 16 h at 37°C. Bacterial colonies

(24 and 57 colonies for non-7G-RNAi and TG-RNAIi flies, respectively) were randomly isolated and

sequenced. Bacterial 16S rDNA was sequenced using 16S universal primers, 8FE (5’-AGA GTT TGA

TCM TGG CTC AG-3’) and 1492R (5’-GGM TAG CTT GTT ACG ACT T-3’). The similarity of the

sequenced data was determined using an EzTaxon server (48).

Antimicrobial activity — Peptide synthesis of Cecropin Al and Diptericin was outsourced to Genenet

Co., Ltd, Japan. The peptide sequence of Cecropin Al is GWLKK IGKKI ERVGQ HTRDA TIQGL

GIAQQ AANVA ATAR-NH,; (39 residues), and the peptide sequence of Diptericin is DDMTM KPTPP

PQYPL NLQGG GGGQS GDGFG FAVQG HQKVW TSDNG RHEIG LNGGY GQHLG GPYGN

SEPSW KVGST YTYRF PNF-NH, (83 residues). Antimicrobial activities were assayed as described
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previously (52). In brief, bacteria were grown under the following conditions: Hestrin-Schramm medium

for Acetobacter and Lactobacillus isolated from the gut and incubated for 2 days at 30°C. G. morbifer

G707T, C. intestini A911T, and 4. pomorum were cultured for 2 days at 30°C in mannitol broth

containing 2.5 % mannitol (Nacalai Tesque, Japan), 0.3% bacto peptone, and 0.5% yeast extract (53). L.

brevis EW and L. plantarum WIJL were cultured for 2 days at 30°C in MRS broth containing 2.0%

glucose, 1.0% bacto tryptone (Difco, USA), 1.0% beef extract, 0.5% yeast extract, 0.5% CH;COONa,

0.2% K,HPO4, 0.2% di-ammonium hydrogen citrate, 0.1% polysorbate 80, 0.02% MgSO,-7H,0, and

0.005% MnSO4-5H,0 (54). Providencia, E. coli K12, Eccl5, and P. azotoformans 1AM 1603 were

cultured in Luria-Bertani medium and incubated 16 h at 37°C. Bacteria collected by centrifugation were

washed three times with PBS containing 8.0% NaCl, 0.2% KCI, 2.9% Na,HPO,4-12H,0, and 0.2%

KH,PO,, and suspended in 10 mM HEPES-NaOH, pH 7.5. Then, 50 uL of antimicrobial peptide solution

in 10 mM HEPES-NaOH, pH 7.5, was added to 450 uL of the bacterial suspensions and the mixtures

were incubated at 37°C for 1 h and plated onto three agar plates (100 uL each). Each plate was incubated

at either 30°C for 2 days or 37°C for 16 h.

HOCI resistance assay — Hypochlorous acid (HOCI) resistance assays were performed as described

previously  (55). The concentration of available chlorine was  measured  using

N,N-diethylphenylenediamine (56). In brief, bacteria collected by centrifugation were washed three times

with PBS, and suspended in 10 mM HEPES-NaOH, pH 7.5. Then, 50 puL of the freshly prepared NaOCl

solution in 10 mM HEPES-NaOH, pH 7.5, containing 150 pg/L or 500 pg/L available chlorine was added
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to 450 pL of the bacteria suspensions and the mixture was incubated at 37°C for 40 min. To stop the
reaction, aliquots (5 pL each) of the incubated samples were transferred to 495 puL of PBS, and plated
onto three agar plates (100 pL each).

Bacterial ingestion and survival experiments — Survival rate experiments were performed using
conventionally reared, germ-free, and long-term ingested germ-free flies. Germ-free flies were maintained
as described previously (23). Bacterial contamination in germ-free flies was checked by PCR analysis
using the 16S rDNA universal primers (8FE and 1492R). For long-term ingestion experiments, 1- to
3-day-old germ-free flies were transferred to a fresh vial containing in total 4.0 x 10’ cells isolated
bacteria or a mixture of the isolated bacteria (Providencial/Acetobacter ratio was 1:1), and then transferred
to a fresh vial containing 4.0 x 10° cells of bacteria every 3 days.

Bacterial colonization ability in the midgut of Drosophila — To examine transient colonization of flies
with bacteria, 3- to 5-day-old adult germ-free flies were transferred to a fresh vial containing 4.0 x 10’
bacterial cells in 5 % sucrose solution for 24 h, and then transferred into sterile vials containing sterile
food. After 5 h of incubation, midguts were dissected into three parts and homogenized in 100 pL sterile
PBS. To examine the colonization ability in flies after long-term ingestion of bacteria, the midguts were
dissected after 15 and 25 days ingestion and homogenized in 100 pL sterile PBS. The homogenates were
2-, 20-, 200-, or 2000-fold diluted with sterile PBS, then 5 pL aliquots of the homogenates were spotted
onto agar plates and incubated under the following conditions: Hestrin-Schramm medium plates for flies

that mono-ingested SK1, SK2, and SK3, and then incubated for 2 days at 30°C; Luria-Bertani medium
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plates for flies that mono-ingested SK4 and then incubated for 16 h at 37°C. For flies that co-ingested the
bacteria, 5 puL aliquots of the serial dilutions were spotted onto Hestrin-Schramm medium plates and
incubated for 2 days at 30°C, and a second 5 pL aliquot of each dilution was spotted onto Luria-Bertani
medium plates and incubated for 16 h at 37°C. The number of CFUs in two or three selected spots was
counted and the average CFUs were calculated.

TUNEL imaging analysis — For detection of apoptosis in midgut cells, the TUNEL method was
performed using an In Situ Cell Death Detection Kit, Fluorescein (Roche, USA), as previously described
(23). The guts were stained with DAPI (1:2,000, Dojindo Molecular Technologies, Japan). Midguts were
dissected from adult flies following 18 days ingestion. The samples were analyzed with a ZOE™
Fluorescent Cell Imager (BIO-RAD, USA). Each experiment was repeated at least three times with
samples dissected on different dates.

ROS measurement — To measure ROS production in vivo, midguts were dissected from adult flies
following 18 days ingestion in the presence of 20 mM N-acetyl cysteine (Sigma, USA). Midguts were
incubated with 5 pM CellROX (Molecular Probes, USA) for 30 min at 37°C, and then fixed by 4%
paraformaldehyde. As a positive control for oxidative stress, the ROS inducer paraquat (Nacalai Tesque,
Japan) was fed to adult germ-free flies for 3 h prior to dissection. As a negative control, midguts were
dissected from 1- to 2-day-old germ-free flies. After mounting with 70% glycerol, samples were analyzed
with a ZOE™ Fluorescent Cell Imager. The resulting signal intensity was measured by ImageJ (National

Institute of Health, USA) and normalized to the average of negative control gut signal intensity. Each
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experiment was repeated at least three times with samples dissected on different dates. To measure ROS
production in vitro, S2 cells were maintained in Insect-XPRESS protein-free insect cell medium (Lonza,
Switzerland) at 27°C. Soluble microbial extracts was prepared as described previously (57). In brief,
bacteria were grown under the following conditions: Hestrin-Schramm medium was used for the genus
Acetobacter and the plates were incubated for 2 days at 30°C. Luria-Bertani medium was used for the
genus Providencia and the plates were incubated for 16 h at 37°C. After washing with PBS, bacteria were
adjusted to 7.0 x 10’ cells or a mixture of bacteria (ProvidencialAcetobacter ratio was 1.0) in 5 mL of
PBS buffer. The bacterial solutions were incubated for 1 h at 30°C, 200 rpm, and then collected by
centrifugation. S2 cells were treated with 10 pg/mL of soluble microbial extract in the medium for 1 h.
Uracil at 20 nM was added as a positive control to produce ROS. The cells were stained with Hoechst
33342 (1:1,000, Dojindo Molecular Technologies, Japan) and 2 uM DCF-DA (Sigma, USA). After
washing with PBS, the fluorescent signal was observed using a ZOE Fluorescent Cell Imager. From these
pictures, Hoechst 33342-stained nuclei, representing all cells, were randomly defined and the number of

DCF-DA-positive cells, representing ROS-positive cells, was determined.
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FIGURE LEGENDS
Fig. 1. Survival rates of non-7G-RNAi flies and 7G-RNAi flies. The survival rates of
conventionally reared non-7G-RNAi (Da>+, n = 59; closed circles) and TG-RNAi (Da>TG IR, n =

80; open circles) flies are shown. P values were calculated by the log-rank test. ***P < 0.005.

Fig. 2. Gut flora of non-7G-RNA.I flies and 7G-RNAI flies. (A) Gut microbiota in 0.5-day-old flies.
For non-TG-RNAi and 7G-RNAi flies, 160 and 162 flies were analyzed, respectively. (B) Gut
microbiota in 10-day-old flies. For non-7G-RNAi and 7G-RNAi flies, 200 and 126 flies were
analyzed, respectively. In all cases, the male/female ratio was 1.0. (C) Four midguts of 0.5-day-old or
10-day-old flies (male/female ratio was 1.0) were mixed into one tube and extracted 16S rDNA was
analyzed by quantitative PCR. The bacterial loads are shown as 16S rDNA copies per midgut. The
analysis was repeated four times. Closed circles, non-7G-RNAi; open circles, 7TG-RNAi. Bars indicate
the means of four independent experiments. P values were calculated using Student's t-test. *P < (0.05.
(D) mRNA expression levels of Cecropin Al in the gut of 0.5-day-old and 10-day-old non-7G-RNAI,
TG-RNAI, and Relish null (Rel””’) flies. Results are shown as the Cecropin A1/rp49 ratio. Values
shown are means = SEM (n =2). P values were calculated by one-way ANOVA followed by the

Bonferroni post hoc test. *P < 0.05 and n.s, not significant.

Fig. 3. Bacterial colonization ability in fly midguts after transient ingestion of strains SK1-4. The
bacterial strains were ingested by 3- to 5-day-old adult non-7G-RNAi and 7G-RNAI flies for 24 h, and

then the flies were transferred into sterile vials containing sterile food. After 5 h incubation, midguts
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were removed and dissected into three regions: the anterior midgut (A), middle midgut (copper-cell
region) (M), and posterior midgut (P). The three dissected parts were homogenized, spotted onto the
strain-specific agar plates, and the resulting bacterial colonies were counted as described in
“EXPERIMENTAL PROCEDURES”. Upper image shows a schematic image of the Drosophila
midgut. Horizontal bars represent the median CFUs per fly for each ingestion group. Each
denominator and numerator of the fractions shows the number of all guts used for the experiments and
the number of guts with bacteria growing on agarose plates, respectively. P values were calculated by

the non-parametric Mann—Whitney U test. *P < 0.05 and n.s, not significant.

Fig. 4. Antimicrobial resistance of strains SK1-4 and established bacteria to Cecropin Al.
Inhibitory activity was measured after incubating bacteria in the presence of different concentrations
of Cecropin Al against strains SK1-4 and established bacteria. Values shown are means = SEM (n =3).

The dashed line represents the half maximal inhibitory concentration (ICs) of Cecropin Al.

Fig. 5. Antimicrobial resistance of strains SK1-4 and established bacteria to Diptericin. Inhibitory
activity was measured after incubating bacteria in the presence of different concentrations of
Diptericin against strains SK1-4 and established bacteria. Values are shown as means + SEM (n =3).

The dashed line represents the half maximal inhibitory concentration (ICsg) of Diptericin.

Fig. 6. Survival rates and bacterial colonization in the gut after long-term mono- or co-ingestions

of strains SK1-4. (A) Survival rates of w''’® flies after long-term mono- or co-ingestion. Ingestion
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groups were as follows: crosses, PBS (rn = 40); closed circles, SK1 (rn = 48); open circles, SK2 (n =

54); closed triangles, SK3 (n = 54); open triangles, SK4 (n = 54); closed squares, mixture of SK1 and

SK4 (n = 54); open squares, mixture of SK2 and SK4 (n = 54). P values were calculated with the

log-rank test. ***P < 0.005. (B) Bacterial colonization ability in w''*®

germ-free flies after 15 and 25
days continuous mono-ingestion or co-ingestion. Box plots represent the interquartile range (boxes),
the median (a horizontal line in each box), and whiskers extend towards the minimum and maximum
values. Each denominator and numerator of the fractions shows the number of all guts used for the
experiments and the number of guts with bacteria growing on agarose plates, respectively. P values

were calculated by the non-parametric Mann—Whitney U test. *< P < 0.05, **P < (.01, ***P < 0.005,

and n.s, not significant.

Fig. 7. TUNEL assays in the midguts of gnotobiotic flies that mono- or co-ingested strains SK1-4.

(A) TUNEL staining of apoptotic cells in the fly midgut after 18 days continuous ingestion. Images

show the copper cell region of the midgut. Arrowheads indicate representative TUNEL-positive cells.

Green, TUNEL-positive cells; blue, DAPI nuclear stain; scale bar, 50 um. (B) The percentage of guts

showing apoptosis-positive signals were counted. The values shown are means &= SEM (n = 3). P

values were calculated by one-way ANOVA followed by the Bonferroni post hoc test. *P < 0.05 and

n.s, not significant.

Fig. 8. ROS production in the midguts of gnotobiotic flies that mono- and co-ingested strains

SK1-4. (A) As a positive control for ROS production, flies ingested 5 mM paraquat. Fold-change in
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mean gray value of CellROX signal intensity in the anterior midgut was evaluated and normalized to

the negative control (average signal intensity of negative control was set to 1). Horizontal bars

represent the median fold-change for each ingestion group with the fold-change value. Ingestion

groups were as follows: paraquat (n = 14); PBS (n = 36); SK4 (n = 38); SK4+SK2 (rn = 46); SK4+SK1

(n = 61). Statistical analysis of the differences between the five ingestion groups was performed using

the non-parametric Kruskal-Wallis test followed by the Bonferroni post hoc test. ***P < (.005, ****p

< 0.001, and n.s, not significant. (B) ROS production in S2 cells treated with microbial extracts. The

fold-change of DCF-DA-positive cell number was analyzed (1000 of S2 cells of each group). The

values shown are the means = SEM (n = 3). P values were calculated by one-way ANOVA followed

by the Bonferroni post hoc test. **P < 0.01, ***P < 0.005, and n.s, not significant.

Fig. 9. Gene expression of IMD-AMPs in gnotobiotic flies that mono- and co-ingested strains

SK1-4. Gene expression of Cecropin Al or Diptericin was analyzed by quantitative PCR in the fly

midgut after 18 days of continuous ingestion. Results are shown as the Cecropin Al/rp49 and

Diptericin /rp49 ratio. Values shown are means £ SEM (n = 3). P values were calculated by one-way

ANOVA followed by the Bonferroni post hoc test. *P < 0.05 and n.s, not significant.
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TABLES

Table 1. Sequences of the V4 region of 16S rDNA clones obtained from the gut of non-7G-RNAi
or TG-RNAI flies.

Genera identified  Sequences of the V4 region of the 16S rDNA clones

Acetobacter 5’-tacgaagggggctagegttgetcggaatgactgggegtaaagggegtgtaggcggtttgecacagttagat
gtgaaatcccegggcttaacctgggagetgcatttaagacgtgecagactagagtgtgagagagggttgtggaa
ttcccagtgtagaggtgaaattcgtagatattgggaagaacaccggtggegaaggeggcaacctggeteatg
actgacgctgaggcgegaaagegtggggagcaaacagg-3’

Lactobacillus 5’-tacgtaggtggcaagcgttgtccggatttattgggcgtaaagcgagegeaggeggttttttaagtctgatgt
gaaagccttcggctcaaccgaagaagtgeatcggaaactgggaaacttgagtgcagaagaggacagtggaa
ctccatgtgtagcggtgaaatgcgtagatatatggaagaacaccagtggcgaaggeggcetgtetggtctgtaa
ctgacgctgaggctcgaaagtatgggtagcaaacagg-3’

Providencia 5’-tacggagggtgcaagegttaatcggaattactgggegtaaagegecacgecaggeggttgattaagttagat
gtgaaatccccgggcttaacctgggaatggcatctaagactggtcagetagagtettgtagaggggggtagaa
ttccatgtgtageggtgaaatgegtagagatgtggaggaataccggtggcgaaggeggeccectggacaaa
gactgacgctcaggtgcgaaagegtggggageaaacagg-3’

Wolbachia 5’-tacggagagggctagegttattcggaattattgggcgtaaagggegegtaggeggattagtaagttaaaa
gtgaaatcccaaggctcaaccttggaattgcttttaaaactgctaatctagagattgaaagaggatagaggaatt
cctagtgtagaggtgaaattcgtaaatattaggaggaacaccagtggegaaggegtctatctggttcaaatctg

acgctgaggegegaaggegtggggageaaacagg-3’
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Table 2. Bacteria highly matched with the sequences of the V4 region of the 16S rDNA clones.

Genera identified  Highly matched bacterial strains Identity (%)
Acetobacter Acetobacter persici T-120T 99.6
A. farinalis G360-1T 99.2
A. cerevisiae LMG 1625T 98.8
A. indonesiensis NRIC 0313T 98.0
Lactobacillus Lactobacillus pentosus JCM 1558T 100
L. fabifermentans DSM 21115T 100
L. paraplantarum DSM 10667T 100
L. plantarum subsp. plantarum ATCC 14917T 100
Providencia Providencia rettgeri Dmell ¥ 100
P. alcalifaciens DSM 30120T 100
P. rustigianii DSM 4541T 100
P. vermicola OP1T 100
P. sneebia DSM 19967T 100
Wolbachia Wolbachia pipientis wPip 95.7

a) reference (38)
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Table 3. The closest bacterium matching the 16S rDNA sequence of the bacterium isolated
from the gut of non-7G-RNAi or 7G-RNAI flies.

Isolated bacterial strains Closest bacterial strain Identity (%)
SK1 (LC037412) A. persici T-120T (BAIW01000143) 99.7
SK2 (LC037413) A. indonesiensis NRIC 0313T (AB032356) 99.6
SK3 (LC037414) L. pentosus JCM 1558T (D79211) 100
SK4 (LC079061) P. rettgeri DSM 4542T (AM040492) 99.8

GenBank accession numbers are shown in parentheses.
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Table 4. ICs of Cecropin Al and Diptericin to strains SK1-4 and established bacteria.

Bacterial strains Cecropin A1l Diptericin
— ICs (ng/mL) -
A. persici SK1 >10 No inhibition
A. indonesiensis SK2 0.22 >20
L. pentosus SK3 0.35 No inhibition
P. rettgeri SK4 0.07 >100
Eccl5 2141 0.05 1.0
P. azotoformans IAM1603 0.06 6.0
E. coliK12 0.06 3.0
P. alcalifaciens JCM1673T 0.05 > 100
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Table 5. Antimicrobial resistance of the gut strains isolated by Ryu et al (24).

Bacterial strains Cecropin Al at 1pg/mL  Diptericin at 10pg/mL

— Growth inhibition (%) -

Gluconobacter morbifer G707T 80%0.6 20*5.9
Commensalibacter intestini A911T 8.91£8.0 11£8.2
A. pomorum 7.8£0.4 3.5%1.8
L. brevis EW No inhibition 54*2.4
L. plantarum WJL 8.0+t4.3 89+23

Cecropin Al and Diptericin resistance activities are expressed as relative CFUs on plates with the
number of colony-forming units in the untreated bacteria arbitrarily set to 100%. Data represent means
+ SEM (n = 3).
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Table 6. HOCI resistance of the isolated gut and established bacteria

Bacterial strains HOCI1 15 pg/L HOCI1 50 pg/L

— Resistance activity (%) —

A. persici SK1 110£12 84112
A. indonesiensis SK2 110£10 361.1
L. pentosus SK3 87%9.5 93*1.3
P. rettgeri SK4 130%7.0 5629
Gluconobacter morbifer G707T 105£3.0 8710
Commensalibacter intestini A911T 77£3.6 0.0£0.0
A. pomorum 12411 112£0.8
L. brevis EW 10427 101£0.6
L. plantarum WJL 97%2.1 83£6.0
Eccl5 2141 100£8.5 10011
P. azotoformans IAM1603 100£1.8 1914
E. coli K12 69*11 0.3£0.1
P. alcalifaciens ICM1673T 6.6E1.1 0.0£0.0

HOCI resistance activity is expressed as relative CFUs on plates with the number of colony-forming

units in the untreated bacteria arbitrarily set to 100%. Data represent means = SEM (n = 3).
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