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Abstract

Objective: This study aims to investigate the effects of surface bacteria of buckwheat sprouts on obesity. We
examine whether these bacteria have probiotic properties.

Methods: Since P-36 and P-37 strains were present in large amounts on the buckwheat sprouts surface,
identification of species was carried out by intestinal bacteria identification kit and 16S rRNA gene analysis.
Subsequently, to investigate the biological effects, P-36 and P-37 strains were divided into two groups, heat-treated
dead bacteria and untreated viable bacteria, which were then orally administered to obese model mice exhibiting
hyperglycemia every other day for a total of 10 times. After administration, BMI and visceral fat mass were
measured, and oral glucose tolerance test was conducted to evaluate glucose tolerance; their influence on blood
glucose level and insulin resistance (HOMA-IR) was evaluated.

Results: The strain P-36 was identified as Pantoea sp., and P-37 as Kosakonia cowanii. In the group of mice
administered the living and dead bacteria of P-36 and P-37, the weight gain rate after the administration was low,
and the progression of obesity was suppressed. In the oral glucose tolerance test, an improvement of glucose
tolerance and a significant suppression of blood glucose level was confirmed at 0 and 15 min in the group treated
with viable P-37. In addition, HOMA-IR was improved in mice treated with both viable and dead P-37 bacteria.

Conclusion: The mice administered P-36 and P-37 showed a gradual increase in body weight and a decrease in
visceral fat percentage. The mechanism leading to improved blood glucose levels observed in mice administered
P-37 strain remains unclear at present. The involvement of buckwheat sprouts-derived bacteria in improving
hyperglycemia and reducing obesity during a short time will help to discover new probiotics.

L
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Pantoea are presently known, some of which are used as biocontrol
products for promotion of plant growth, suppression of fungi, and
other [8,9]. In addition, Pantoea promote the activation of innate
immunity, improve allergic dermatitis and activate intestinal immunity
in rainbow trout, and their role in diabetes, anticancer action, and
activation of immunity has been investigated [9-11].

Keywords: Buckwheat sprouts; Surface microbial flora; Pantoea;
Kosakonia; Obesity; Hyperglycemia; Insulin resistance

Introduction

Buckwheat sprouts are a traditional vegetable in the Tsugaru Region
of Aomori Prefecture, Japan, and they have been traditionally grown
since over 350 years ago. Recent studies on rutin and anthocyanins
present in buckwheat and their health benefits have been attracting
increased attention to buckwheat sprouts as a new functional vegetable
[1-3]. However, growing as well as shipping of many types of sprout
vegetables cultivated in hydroponic cultures is challenging as
frequently bacteria develop on their surfaces [4-6]. Therefore, we have
sterilized the surface of buckwheat sprouts grown in hydroponic
culture and subsequently analyzed the bacterial flora in an attempt to
extend the expiration date for consumption and facilitate safe food
distribution. By chance, it was found that the buckwheat sprout surface
bacteria belonging to Enterobacteriaceae comprised a significant

Therefore, P-36 and P-37 strains were isolated from buckwheat
sprouts and bacterial species were identified. In additon, to investigate
the biological effects of P-36 and P-37 strain on metabolic processes in
living organisms, we studied the influence of these two strain on
obesity in mice.

Materials and Methods

Isolation of bacteria

Determining the number of viable bacteria in buckwheat sprout: In

percentage of the characteristic bacterial flora, in particular the genera
Pantoea.

Pantoea spp. are relatively newly delineated bacterial genera
segregated from the genus Enterobacter [7]. About 20 species of

accordance with Food Hygiene Test Guidelines [12], 225 mL of
physiological saline was added to 25 g of buckwheat sprouts, and the
mass was kneaded for 1 min to make a 10-fold diluted stock solution.
A 10'- to 10%fold diluted solution was prepared from this diluted
stock solution, and 20 pL of each diluted solution was smeared on a
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standard agar medium, followed by aerobic culture at 35°C for 48 h;
viable bacteria colonies were counted for each sample. Colony count
was repeated twice for each diluted solution.

Bacterial species identification: About 50 bacterial colonies that
grew on the agar medium with smeared buckwheat sprout wash
solutions were selected to identify bacterial species using a kit for
identifying intestinal bacteria (API 20E; Sysmex Biomérieux Co., Ltd.,
Japan). Among them, the strains P-36 and P-37, both of which had a
large number of colonies, were examined for morphological
characteristics under an optical microscope, and catalase reaction,
oxidase reaction, acid/gas production from glucose, and oxidation/
fermentation of glucose was surveyed for each of the two strains (the
first stage test) [13]. The property test (the second stage test) was
carried out using a kit for intestinal bacteria identification API 20E
(Sysmex Biomérieux). Based on the results of gene analysis and
bacterial property analysis, additional tests, which included growing
bacterial cultures at 4°C and 10°C, on a potassium cyanide medium,
and in the presence of L-rhamnose, were conducted for species
identification.

Gene analysis of isolated P-36 and P-37: DNA extraction of P-36
and P-37 strains were performed with achromopeptidase (Wako Pure
Chemical Industries, Japan), and a PrimeSTAR HS DNA Polymerase
kit (Takara Bio, Japan) was used for PCR gene amplification with
primers 9F and 1510R [14]. Sequencing reactions were performed
using a BigDye Terminator v3.1 Cycle Sequencing Kit (Applied
Biosystems, USA) and decoded in an Applied Biosystems 3130 xl
Genetic Analyzer System (Applied Biosystems) using primers 9F, 785E,
536R, 802R, 1242R, and 1510R and ChromasPro 2.1 software
(Technelysium Pty. Ltd., AUS)[14]. BLAST search of obtained
sequences was performed in DB-BA 12.0 (TechnoSuruga Laboratory,
Japan) and the international nucleotide sequence database
(DDBJ/ENA (EMBL)/GenBank) [15]. Sequences were edited in
BioEdit ver 7.2 and aligned in CLUSTAL W][16,17]. Molecular
phylogenetic estimation using neighbor-joining method was
performed using MEGA ver 7.0, and reliability of the tree topology was
evaluated by bootstrap analysis with 1000 iterations [18-21].

Pantoea administration experiment

Creation of obesity model mouse: Five-week-old C57BL/6NJcl
female mice were obtained from CLEA Japan, Inc. (Japan). The mice
were acclimatized for 3 weeks after acquisition before the experiment.
They were fed 10 kcal% fat diet as a control feed group and 60% fat
meal (Research Diets, Inc., USA), and their weight and feed intake
were measured over time. After 4 weeks of feeding, the mice were
deprived of any food for 6 h, and after measuring their body weights,
they were subjected to a 2 g/kg glucose tolerance test [22]. Because a
significant increase in blood glucose level was confirmed in mice fed
60% fat diet as compared with the control feed group, they were used
as an obesity model mouse for the experiment. The animals were kept
in a room at a temperature of 23.9 + 0.3°C and humidity of 26.6
4.2%. The experiments with the animals were conducted in compliance
with the guidelines concerning laboratory animals at Hirosaki
University (Experimental animal approval number: G 14007).

Preparation of administered bacterial solution: P-36 and P-37
strains (Pantoea sp.) cultured overnight at 30°C on a heart infusion
(HI) agar medium were transplanted into 100 mL of HI liquid medium
and cultured with stirring at 30°C for 16 h. After culturing, the
precipitate was recovered by centrifugation at 8,500 x g and 4°C for 30
min. The recovered sediment was washed twice with phosphate

buffered saline (PBS (-), pH 7.2) suspended in 2 mL PBS to prepare the
bacterial solution. Bacterial solution contained viable bacteria. To
prepare a solution with dead bacteria, the bacteria were killed by
boiling at 100°C for 10 min and then cultured for 48 h on a standard
agar medium to confirm they were not viable.

Calculation of the number of bacteria to be administered: After
preparing the bacterial solution, the number of bacteria was calculated
each time it was administered to the mouse. To this end, the prepared
bacterial solutions were diluted 107-1010, and 20 uL of each diluted
solution was smeared on a standard agar medium, and aerobically
cultured at 30°C for 24 h to count viable bacteria. Colony count was
repeated twice for each diluted solution.

Administration of P-36 and P-37 bacterial fluids to mice: The mouse
experimental groups were divided into a PBS-administered healthy
mouse group (control group; n=6), PBS-administered control group
fed 60 kcal% fat meal (Ob-PBS group; n=6), obese group administered
viable P-36 (Ob-P-36 group; n=>5), obese group administered dead
P-36 (Ob-HTP-36 group; n=>5), obese group administered viable P-37
(Ob-P-37 group: n=>5), and obese group administered dead P-37 (Ob-
HTP-37 group: n=>5). Bacterial fluid was administered starting from
the fifth week of 60% fat diet ingestion, when mice showed symptoms
of hyperglycemia. Bacterial fluid was administered 10 times every
other day, and a glucose tolerance test was conducted at 2 days after
the final administration. The bacterial solution was administered at 2.1
x 1010 + 5.0 x 10° CFU/200 pL/mouse for P-36, and at 2.4 x 100 + 3.8
x 10° CFU/200 pL/mouse for P-37.

Glucose tolerance test (oral glucose tolerance test), homeostatic
model assessment for insulin resistance (HOMA-IR): Five grams of D-
(+)-glucose (FUJIFILM Wako Pure Chemical Corporation, Japan) was
suspended in physiological saline and the volume was adjusted to 25
mL by adding the saline. The solution was administered to mice that
were fasted for 6 h using an oral probe in amounts equivalent to 2 g/kg
[22]. Blood was collected by tail vein puncture and glucose level was
measured using gluco card G black (ARKRAY, Inc., Japan) (double
measurement). Glucose levels were measured 0 min before and 15 min,
30 min, 60 min, and 120 min after glucose administration. In addition,
HOMA-IR was calculated using the formula: (fasting glucose level x
fasting insulin level)/22.4 [22]. The insulin level was measured with an
ultra-sensitive mouse insulin measurement kit (Morinaga, Japan) from
blood serum.

Body mass index (BMI) measurement: After completion of
administration, a glucose tolerance test was conducted and the body
length was measured under isoflurane anesthesia. The length of the
mouse was measured from the abdominal side, from the nose tip to the
tail root. BMI was calculated as BMI=w/t%, where w is body weight
(kg) and t is height (m).

Measurement of visceral fat: Euthanasia was performed by cervical
dislocation on the third day after administration, and the weight of
visceral fat was measured. Visceral fat was calculated as the sum of the
weights of the mesenteric adipose tissue and perirenal adipose tissue,
and the value was expressed as the visceral fat percentage of the body
weight.

Statistical analysis: The differences in blood glucose levels between
groups was assessed by analysis of variance and Tukey test; significant
difference was assumed at P<0.05 Student's t test was used to compare
the administration group and the obesity group (PBS) in each
experiment. All statistical analyses were conducted in Origin Ver. 8.1
(OriginLab, USA).
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Results Catalytic reaction + +
T Oxid i - -

Number and type of bacteria living on buckwheat sprouts xidase reaction

The surface bacteria of the commercialized soya bean was 8.9 x 10° gﬂgéizs production (f:();g e i
CFU/mL. The proportion of strains showing properties of Pantoea spp. production/gas production)
according to API 20E analysis was 75.5%. Strains P-36 and P-37, which
were present in highest density within those Pantoea spp., were | O/F test * i
selected and used for the experiment. (oxidation/fermentation)

P-36 and P-37 were motile and gram-negative bacilli, able to |+  Positve, -
ferment glucose, and had a positive catalase reaction, but negative | Negative
oxidase reaction (Table 1). These properties are consistent with the
properties of Enterobacteriaceae [23]. Table 1: First step test of isolated bacterial strains.

The results of the bacterial second stage test conducted using the

Items P-36 P-37

API 20E Kkit revealed that P-36 was able to reduce nitrate and showed
B-galactosidase activity, had no lysine decarboxylase, ornithine
decarboxylase, and urease activity, produced indole and acetoin
utilizing citric acid, did not hydrolyze gelatin, and could ferment D-
mannitol, D-sorbitol, and amygdalin, but not inositol (Table 2). This
strain developed colonies when cultured at 10°C and in the presence of
L-rhamnose as a fertilizer (Table 3). These properties are similar to
those of Pantoea anthophila, and phylogenetic analysis based on 16S
rDNA sequences placed it within a clade with other Panfoea species
(Figure 1), but do not properties of bacteria agree [24]. Therefore, we
labeled this strain as Pantoea sp.

P-37 strain reduced nitrates, exhibited p-galactosidase activity, and
showed no arginine dihydrolase, lysine decarboxylase, ornithine
decarboxylase, and urease activity. In addition, it produced acetoin but
not indole, did not hydrolyze gelatin, and was able to ferment D-
mannitol and L-rhamnose, but not inositol (Table 2). This strain did
not grow at 10°C, but cell cultures were developed on potassium
cyanide medium (Table 3). These properties nearly corresponded to
Kosakonia cowanii. This was further corroborated by the phylogenetic
analysis, which resolved P-37 within the clade with other K. cowanii
isolates (Figure 1) [25]. Therefore, we concluded that this strain
belongs to K. cowanii.

B-galactosidase *

+

Arginine dihydrolase *

Lysine decarboxylase *

Ornithine decarboxylase *

Usability of citric acid *

H2S production *

Urease *

Tryptophan deaminase *

Indole Production *

Acetoin production *

Gelatinase *

Glucose **

D-Mannitol **

Inositol **

D-sorbitol **

L-rhamnose **

White sugar **

D-Melibiose **

D-amygdalin **

L-arabinose **

Oxidase *

NO2 production *

Reduction to N 2 gas *

Motility

Growth on MacConkey agar medium

Oxidation in OF medium *

Fermentation in OF medium *

Items P-36 P-37

Culture temperature () 30 30

Cell morphology Bacillus Bacillus
(0.8-0.9 x 1.5-2.0 ym) | (0.8-0.9 x 1.5-2.1 ym)

Gram stainability - -

spore - -

Motility + +

Colony morphology Culture: nutrient agar Culture: nutrient agar
Culture time: 24 h Culture time: 24 h
Diameter: 1.0-2.0 mm | Diameter: 2.0-3.0 mm
Color tone: yellow Color tone: yellow
Form: circle Form: circle
Elevated state: | Elevated state:
lenticular lenticular
Colony edge: entire Colony edge: entire
Surface: smooth Surface: smooth
Transparency: opaque | Transparency: opaque
Consistency: butter-like | Consistency: butter-like

Growth 37 + +

temperature()

45 | - +
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* Biochemical test, ** Fermentation / oxidation test

Table 2: Second stage test of isolated bacterial strains.

Items P-36 P-37
Growth at 4 -

Growth at 10 -
Growth in KCN +w +
Assimilability of L-rhamnose +

+: Positive, -: Negative, w: Growth is weak

Table 3: Adding Tests based on the result of 16S rRNA region sequence
and Second stage test of the isolated strain.

Kosakonia cowanii 888-76 (CP019445_5)
T | Kesakonia covani $85-16 (CPOIS43_7)

Kosakonia cowanit 888-767 (CPO19443_3)
Kosakonia cowenii 888-76T (CPO19445_1)

Kosakonia cowanii 888-76T (CPO19445_2)

P37

Kosakonia cowarii §88-767 (CP019445_4)

hermannii’ GTC 3477 (AB273738)
bacter subterranea® FRCIT (AY373829)

“Aflani

Kosakonia arachidis Ab-1437 (EU672801)
Kosakonia aryziphila LMG 264297 (JF795013)
Kosakonia oryzae OlaS1T (EF488759)

98| Kasakonia radicincitans DSM 166567 (HF569043)

Kosakonia sacchari SP1T (JQO001784)

Kosakonia oryzendophytica LMG 264327 (IF795011)
"b;i iEﬁuemwa cloacae subsp. cloacae ATCC 130477 (AJ251469)

8 L pnrerobacter cloacae subsp. dissalvens ATCC 233737 (HQ851841)

£ ICM 16497 (LC069032)
hisenteriae ATCC 133137 (X96966)
™ & | Citrobacter amalonaticus CDC 9020-777 (AF025370)

ga| L= Cirrobacter farmeri CDC 2991-817 (AF025371)
s Citrobacter rodentium CDC 1843-73T (AF025363)
5 = Citrobacter sedlakii CDC 4696-86 (AF025364)

Salmonella enterica subsp. enterica LT2T (AE008886)

Citrobacter koseri CDC 3613-637

Tokenella regensburgei CIP 1054
Enterobacter kobei CIP 1055667 (AJ508301)
Citrobacter freundii DSM 300397 (AJ233408)
Citrobacter braakii CDC 080-587 (AF025368)

79 L Citrobacter werlmanii CDC 0876-587 (AF025373)
Citrobacter youngae GTC1314T (AB273741)
Pantoea eypripedit DSM 38737 (AT233413)

Pantoea dispersa GTC 14727 (AB2
Pantaea eucrina LMG 27817 (EU216736)
-Enwinia amylovora DSM 301657 (AJ233410)
Enwinia pyrifoliae ICMP 141437 (EF122435)
Tatumelia morbirosei LMG 233607 (EU344769)
L Tanmella pryseos DSM 50007 (A1233437)

Pantoea septica LMG 53457 (EU216734)
Pantoea stewartit subsp. indologenes LMG 26327 (Y13251)
Pantoea stewartti subsp. stewartii LMG 27157 (296080)
Pantoea ailii BD 3907 (AY530795)
24 L pantoea avanatis JCM 69867 (ABO04758)
Pantoea eucalypti LMG 241977 (EF6§8009)

-36
 Pantoea anthophila LMG 25587 (EF688010)
Panioea deleyi LMG 242007 (EF688011)
Pantoea vagans LMG 241997 (EF688012)
| - Paitoea agglomerans DSM 34937 (AJ233423)
oy k{.vamm brenneri LMG 5343T (EU216735)

o

Pantoea conspicun LMG 245347 (EU216737)
L Sudalis glossinidius M1T (M99060)

Figure 1: Neighbor-joining tree of P-36 and P-37 bacterial strains
isolated from buckwheat sprouts based on 16S rRNA sequences.

Mouse weight change and visceral fat

Body weight of the experimental mouse group did not decrease
within 3 weeks from the start of administration of bacterial fluid

(Figure 2A). Furthermore, After bacteria administration, BMI of all
treatment groups increased compared with the healthy mouse group,
except for the groups administered with viable P-37 strains, which did
not exhibit any decrease in obesity levels (Figure 2B). However, when
comparing weight gain rates before and after administration of
bacterial fluids, the rate of weight gain showed a decreasing trend in all
treated groups compared to the obese group (Figure 2C). In addition,
the visceral fat percentage showed a slight decrease in mice
administered live P-37 (Figure 2D).

C57BL/6NJcl BMI

A C57BL/6NJcl weight fluctuations B

Feeding period(wesks) l

Start oral
administration

c

Figure 2: Physical changes in mouse before and after administration
of bacterial fluids. (A) Weight change before and after
administration. (B) Body mass index after a total of 10
administrations of bacterial fluids. (C) Body weight gain rate after
administration. (D) Visceral fat rate after completion of
administration. Control: PBS-administered healthy mouse group
(n=6); Ob-PBS: PBS-administered control group fed 60 kcal% fat
meal (n=6); Ob-P-36: obese group administered viable P-36 (n=>5);
Ob-HTP-36: obese group administered dead P-36 (n=5); Ob-P-37:
obese group administered viable P-37 (n=5), Ob-HTP-37 obese
group administered dead P-37 (n=5). The asterisks indicate a
significant difference (*p<0.05) when compared with the control
group in t test (Oh).

Blood glucose level fluctuation and HOMA-IR

Compared to healthy mice (Control), Obesity-PBS group
predominantly showed elevated blood glucose levels at 0 and 15 min
after the start of glucose test. In the groups administered bacterial
fluids, the blood glucose level suppression effect was confirmed,
although the degree of suppression varied between the groups at 15
min from the test start (Figures 3A-3F). In the group administered
viable P-37, blood glucose level was suppressed significantly compared
with the obese group at 0 and 15 min of the glucose text (Figure 3F).
There was no significant fluctuation in fasting insulin levels in both the
obese group and the groups administered bacterial fluids (Figure 4A).
However, HOMA-IR improved in the groups administered viable and
dead P-37 (Figures 4A and 4B).
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A Control

C Obesity-HTP-36

=10 0 50 ] 110

tima{min}

Figure 3: Changes in blood glucose levels by oral glucose tolerance test. Abbreviations are defined in Figure 2. The asterisks indicate a
significant difference (**p<0.01) when carrying out the ANOVA Tukey in six groups.

D Obesity-P-36

timed{min)

E Obesity-HTP-37

timedmink

F Obesity-P-37

Insulin level after administration
6.0

4.0

::Ji”l[

Control  Ob-PBS Ob-HTP-36 Ob-P-36 Ob-HTP-37 Ob-P-37

Serum insulin level(ng/dl)

defined in Figure 2.

Figure 4: Insulin secretion ability in fasting state and homeostatic model assessment for insulin resistance (HOMA-IR). Abbreviations are

HOMA-IR After administration
30

oojiiii[

Control Ob-PBS Ob-HTP-36 Ob-P-36 Ob-HTP-37 Ob-P-37

-
o

Discussion

In the present study, we identified two strains belonging to
Enterobacteriaceae isolated from buckwheat sprouts and assessed their

effect on obesity in mice. P-37 identified as Pantoea by analysis with
the intestinal bacteria identification kit (API 20 E) was Kosakonia
cawanii according to 16S rRNA analysis. Various microorganisms such
as root nodule bacteria and fungi are engaged by plants, where they
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promote nutrient absorption of plants, impart dry stress tolerance, and
improve resistance to pathogens [26,27]. Pantoea and Kosakonia
identified herein are also known to coexist with plants and facilitate
plant growth through nitrogen fixation [9,11]. However, reports on
their biological effects are scarce. The present study is the first to report
about improvement of glucose tolerance and HOMA-IR by these
strains. Improved insulin resistance is associated with improvement of
type 2 diabetes caused by obesity [28], and the change in insulin
resistance is known to have a strong interaction with the intestinal
flora [29]. Although the mechanisms underlying improved glucose
tolerance and HOMA-IR need to be further elucidated and the optimal
dose of bacteria is yet to be determined, we can conclude that the
involvement of Pantoea and Kosakonia derived from buckwheat
sprouts are a potentially new probiotic discovery.

Hyperglycemia and hyperlipidemia due to obesity, inflammatory
reaction of the whole body, and other conditions have been recently
associated to a change in intestinal flora [30-32]. Therefore, it is
necessary to investigate how oral ingestion of P-36 and P-37 affects the
intestinal flora and to elucidate the mechanism of their action.
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