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Abstract: Lactic acid bacteria (LAB) are beneficial bactdfdahumans and animals. However, the sleep
characteristics and functions of plant LAB in hummamain unclear. Here, we isolated LAB from theif¢pe
vera in Korea, and identified onleactobacillus helveticus KIMA-0001(Alab™) using matrix associated laser
desorption/ionization time of flight and 16S rRNAB full genome sequence analyses. Ataurvived at pH
4.5for 24 h. In addition, this strain survived wiellsimulated gastric juice of humans containinggie and
exhibited high resistance to bile salts.

Effect of Alab™ on sleep related behaviors and patterri3rivsophila melanogaster was examined in both
baseline and caffeine treated conditions. Totavitiess of flies significantly decreased in 20 mg/Alab™
during nighttime or daytime compared with the cohtfhis Ala™ mediated effect was partly observed in
caffeine-treated flies. Ald¥ up regulated mMRNA expressions of gamma-amino uagid (GABA) receptors
and serotonin receptor, and GABA receptors wereerstiongly regulated than serotonin receptor. $hidy
demonstrates that aAlEbimproves sleep related behaviors, including sleggime, by modulating
GABAergic/serotonergic signaling.

This Alab™ can be utilized as a novel probiotic in the slestated drugs and healthfoods of beneficial LAB.

Keywords: Aloe vera; plant lactic acid bacteriaactobacillus helveticus, sleep inducing effect, gamma-amino
butyric acid activity, Alab"

. INTRODUCTOION

Lactic acid bacteria (LAB) are beneficial microonggams found in humans, insects, and animals [1].
LAB fermentation plays an important role in the doimdustry, particularly for dairy products. Straiof LAB
are generally recognized as safe (GRAS) food graiteoorganisms and used as probiotics to benefitaru
health [2]. Among plant derived LAB, symbiotic LA® Kimch and pickles have been studied extensij&ly].
However, this is the first time to study the syntliaelationship between LAB in Jejdloe vera in Korea,
isolate and identify LAB from aloe, and study sléepctionality.

Nagpal R. and his colleagues [6] showed thae vera extract can promote the growth of probiotic
Lactobacillus strains at certain concentrations and can be @aseg@rebiotics for manufacturing symbiotic
therapeutic products. The use of aloe extractabiptic foods could be a promising trend in the oBkerbs as
well as functional ingredients in healthfoods [Kloe vera fortified probiotic products was prepared and dffec
of storage on syneresis, pHactobacillus spp. count, andifidobacteriumspp.count ofAloe vera fortified
probiotic product was assessed for storage stuehO[8Taverniti V and Guglielmentti S. [11] showdluat
Lactobacillus helveticushad a number of health promoting properties inrirgetional studies and clinical trials.

A novel Lactobacillus helveticusk IMA-0001 (AlaB™) strain (pH 4.5-5.5) isolated from the surface of
Aloe vera leaves was cultured at room temperature for 2y3 dad then identified through RAPD analysis and
comparison of 16 rRNA sequences. A strain calleab® derived fromAloe vera leaves expressed high levels
of the glutamate carboxylase gene, which produtedeneficial neurotransmitter r-aminobutyric aEhBA).
Kim DM. and his colleagues' patent suggests thatntwLactobacillus helveticus KIMA-0001 strain AlaB"
could be a resource for GABA production [12-14].

Sleep, occupying one-third of human life, is oneéh&f most important natural states to maintain good
health and wellbeing in life [15]. Sleep disordessise noticeable impairments in daytime functiobeiravior
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and are accompanied by various problems, suchreingss, memory problems, accident pronenessydgtha
and other physical or mental impairments [16].réguently causes clinical problems regardless aflgeand
age [17]. Sleep disorder patients are prone toedspn, anxiety and alcohol dependence [18] Insanorie
sleep disorder, is characterized by difficulty fadliand/or staying asleep despite a sufficient oppitytto sleep
[18]. Adult disease such as cardiovascular diseaskobesity was shown to be implicated to insonib®d.
Management of insomnia has usually been achiewedigh treatment with pharmacological agents, inoigd
benzodiazepine, antidepressants, barbituratesaratigsychotics [19]. However, these medicationsehshown
negative side effects, such as daytime sedatiomgdwer, and drug dependence [20]. Accordingly, maegple
seek solutions to sleep disordeia natural substances and dietary supplements [20].

Several herbal materials, such as Valerigaldriana offcinalis), Hops Humulus lupulus L.), and
chamomile Matricaria chamomilla), have been known to be effective in sleep diserded insomnia [21, 22],
but there are no studies on the sleep improvenffautef aloe derived LAB (Alab).

The gamma-aminobutyric acid (GABA) receptors arekiad of receptor that responds to a
neurotransmitter called GABA, the major inhibitasgmpound in the central and peripheral nervousesyst
(C/PNS) [23]. GABA receptors have been known teeetffcognition, including sleep and wakefulness, by
coordinating with glutamatergic processes [24]. SEheeceptors are divided into two classes, GABAA an
GABA B, according to their rate of response to GAB®]. GABA A receptors have been widely studiedaas
target site for CNS sedative herbs and many phaiwogical medicines [21]Drosophila melanogaster, the
fruit fly, has been used as an invertebrate modelany studies. Invertebrates suclbasnelanogaster share a
similar sleep regulatory mechanism associated wittircadian rest activity cycle and homeostaticcpsses
with vertebrate systems [25]. In particular, sleaterns oD. melanogaster, unlike vertebrates, are evaluated
by multiple factors such as behavior, activity, aettrophysiology [15, 26], but fly sleep is modethby some
stimulants and hypnotics that also affect humaeps[&5].

In this study, we evaluated the sleep-promotingaff of a AlaB" using fruit flies. Although several
studies have investigated the sleep related eftédierbal materials [27, 28], systematic reseantthe sleep-
promoting effects of AlaB' has been limited. The current study describeetfeets of the AlaB” through the
analysis of multiple sleep episodes in a hithertstudiedDrosophila model.

[1. MATERIALSAND METHODS

2.1. Plant source and Isolation of Alab™

Aloe vera, Aloe Barbadensis Miller, were collected from KimJungMun Aloe fielda Jeju, South
Korea. 15047l ce vera seedlings were rinsed twice with sterile water tadr leaves were carefully removed and
collected in 10 mM phosphate buffer, pH 7.0 (PBheTeaves were homogenized with a plastic pestie an
serially diluted with PB. The diluted solution wgpread onto de Man, Rogosa, and Sharpe (MRS) agdium
(Difco, Detroit, MI, USA) and incubated at 37°C f8rdays in an incubator (Thermo Scientific, Walthana,
USA). Bacterial colonies that were uniform, roumdd white were selected, purified, and stored @tG8n
MRS broth mixed with glycerol (25%, v/v)

2.2. Identification of Alab™

To confirm the identity of bacterial isolates, whaell matrix assisted laser desorption/ionizatiore
of flight (MALDI-TOF) mass spectrometry using theéogram MALDI Biotyper v.3.0 (Bruker Daltonics,
Bremen, Germany) were performed according to theufeaturer’s instructions (Bruker Daltonics). Ba@ée
samples for MALDI-TOF MS were prepared as previpwscribed [29]. Mass spectra were analyzed using
micro flex LT mass spectrometer (Bruker Daltonies)d default parameters (positive linear mode; laser
frequency, 60 Hz; ion source 1.0 voltage, 20 ki smurce 2voltage, 16.7 kV; lens voltage, 7.0 k] anass
range, 2 kDa to 20 kDa). For each spectrum, 24€r lakots in 40shot steps from different positiohshe
sample spot were accumulated and analyzed (autommatile, default settings) as previously descrit?9]. [
MALDI-TOF MS data were interpreted according to thanufacturer’s instructions (Bruker Daltonics)o&s
of 2.0 are considered reliable for the speciesl larel scores of 1.7 but <2.0 are acceptable igdgnus level,
and scores below 1.7 are considered unreliable [29]

The partial 16S rRNA region was amplified with tipgimers 27mF (50-AGAGTTTGATCMT
GGCTCAG-30) and 1492mR (50-GGYTACCTTGTTACGACTT-3(30]. Total DNA extraction was
conducted as described by Kieh al. [12-14]. Polymerase chain reaction (PCR) wasaweréd on a T100
Thermal Cycler (Bio-Rad, Hercules, CA, USA) usingRP premix (Bioneer, Daejeon, Korea), 10 ng genomic
DNA, and 1 mM of each primer with a program of 984€ 30 s, 55°C for 30 s, and 70°C for 1 min, folkd
by a final 4min extension at 72°C. The PCR produas confirmed using 0.8% agarose gel electrophoessd
purified using the Expin Gel SV kit (Gene All Biatenology, Seoul, Korea). Sequencing was performed b
Macrogen’s sequencing service (Macrogen, Daejeaned). The resulting DNA sequences were analyzed
using the National Center for Biotechnology Infotima GenBank database
(https:/iwww.ncbi.nlm.nih.gov/blast/). A phylogeitetree based on the nucleotide sequences of tBeRBA
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gene was generated using MEGA 7.0 software andieighbor joining method [31].actobacillus helveticus
KJIMA-0001 strain Alab" was used as an outgroup because it is phylogahetiosely related to the genera
Lactococcus [32].

2.3. Survival of Alab™ at acidic pH

Survival of AladM strains at weak acidic pH was tested. MRS broth adjusted to pH 4.5 or 5.5
using 1.0 N NaOH. MRS broth adjusted to pH 7 wadwss a control. Cells from 2days old cultureshefdne
isolate grown at 37°C were inoculated into adjusMBS broth at a concentration of approximately
10@colonyforming units (CFU)/mL and incubated at 37&C 24hrs. Samples were taken at 6 hrs intervals,
serially diluted, and spread onto MRS medium. Tlaes were incubated at 37°C for 3 days. The viable
population was determined by colony counting.

2.4, Survival of Alab™ in simulated gastric juice and bile salt solution of humans

Simulated gastric juice of humans was prepareddoyng 1% pepsin to MRS broth adjusted to pH 2.2
or 2.5 using 1.0 N HCI, according to a previouglparted method [4]. Cells from 2days old culturethe three
isolates grown at 37°C were inoculated into sinedagastric juices at a concentration of approxiigat€®
colony forming units (CFU)/mL and incubated at 37aC 2 hrs. Samples were taken at 30 min intervals,
serially diluted, and spread onto MRS medium. Tlaes were incubated at 37°C for 3 days. The viable
population was determined by colony counting.

For the bile tolerance assay, cells from 2daysauildures of the three isolates grown at 37°C were
inoculated into MRS broth containing 0.1 or 0.5%/\Mwbile salt (oxgall) (Difco) at a concentratiorf o
approximately 1®CFU/mL and then incubated at 37°C for 24 hrs adiogrto a previously reported method [5].
Samples were taken at 6 hrs intervals, seriallytelil, and spread onto MRS medium. The plates wetdated
at 37°C for 3 days. The viable cell population Watermined through colony counting.

2.5. Fly Stocks

Wildtype D. melanogaster Canton-JE strain flies were obtained from the Dpbda Stock Center at
Jeju National University. The flies were maintaimedtandard fly bottles containing sucrose mediuncr(sse,
cornmeal, dried yeast, agar, propionic acid, amygroxy benzoic acid methyl ester solution) andediunder
a 12 :12 hlight : dark cycle at 25 + 1°C in 608tative humidity (RH). AlaB" samples were added to sucrose
medium with the indicated concentrations. Priorsénple treatment, 2-5days old male flies were deliec
under anesthesia using €0

2.6. Behavioral Assays

Alab™ samples were dissolved in distilled water and ehixesucrose agar media (5% sucrose and 1%
agar) for the locomotor activity assays. Singleatireents of Alab” included 2, 5, 10, and 20 mg/mL
concentrations. In thBrosophila Activity Monitoring system (DAM; Tri Kinetics, Waham, MA, U.S.A.), flies
were kept in individual glass tubes for analysibeliavior patterns in each fly. Group activity adlfor single
treatments of Alab' group was assessed by the Locomotor Activity Mwitig system (LAM, Tri Kinetics) to
provide measures of locomotor activity combinedhwsbcial behaviors. All the experiments were tcated
(DAM: 10 flies per replicate, LAM: 30 flies per regdite). Flies were subjected to a 24 hrs adaptagoiod in
the tubes, and all activities were then recordestye® or 30 min for 4—7 days under constant dakiip®) at
25 + 1°C. A 0.1% caffeine solution (10 mg/mL) wa®d as a stimulant in the awake condition [33]alvetre
generated by DAM management software (Tri Kinetigéh controls for environmental stimuli, such asisd
and light. The number of infrared detector intetimps at each time interval was recorded and vige@dlusing
Actogram J software. Sleep analyses were perfomoeithg dark hours of the daily cycle in the contgobup
and caffeine induced awake groups and comparedép Siarameters were calculated by summing up all the
activity counts recorded in the 12 hrs dark pefioidghttime). Dark phase activity was calculatedsibynming
total activity, and total dark phase sleep wasutated by summing the duration of sleep. Sleep dedisied as
periods of uninterrupted behavioral immobility amméctivity longer than 5 min (0 counts per min) [3th
addition, the number of sleep episodes were cowariddsummed [33].

2.7. GABA A-Benzodiazepine Receptor Binding Assay

The GABAA receptor binding assay was performed witldification according to the method
described by Riset al. [35] and Kahnbergt al [36]. The cerebral cortex of male four Sprague Rswats was
homogenized for 10 s in 20 mL of Tris—HCI buffe® (@M, pH 7.4, 0-4°C). The suspension was centriduate
0—4°C for 15 min at 27,000xg, and the pellet washed three times with Tri-HCI buffer. The washetlgpe
was resuspended in 20 mL of Tris—HCI buffer, aftbich the suspension was incubated in a water dad7°C
for 30 min, followed by centrifugation at 10 min2t,000xg. The final pellet was suspended in 30 fLris—
HCI buffer (50 mM, pH 7.4) and stored in aliquots-80°C until assayed. The final suspension (mengbran
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suspension) was adjusted with the concentrati@0df g protein in 100 pL Tris-citrate buffer (504mpH 7.1,
0-4°C) to be used for the binding assay. The mengbsaispension (300 pL) was added to 25 pL testizolu
and 21 pL of [3H]-flumazenil and incubated on ice46 min for the binding, in which its final conceatton is
0.8 nM. Samples used to GABAA receptor binding wpssa&re Alad“ (200 mg/mL). The binding was
terminated by filtration onto a Whatman GF/B glakeffifilter using a harvester (Brandel Inc., Gaitherg,
MD, U.S.A.) with ice-cold 30 mM Tris—HCI buffer teemove unbound [3H]-flumazenil. The bound samples
were counted with 5 mL of liquid scintillation cdel solution (Aqualight Beta, Hidex Personal Lieience,
Turku, Finland) in bottle using a Hidex 300SL camiHidex, Turku, Finland). Total and nonspecifindings
were determined using the binding buffer and beiszepine (1.0 uM, final concentration), respectivélge
displacement percent of radioligand binding washeined by the following equation (DPM: disintedpat
per minute, TB: total binding, and NSB: nonspedificding).

Binding displacement (%) =[1 - (DPM-DRl¥) / (DPMrg-DPMnsg)] X 100

2.8. Statistical Analyses

All statistical analyses were performed using thegi§ical Package for Social Sciences version 12.0
(SPSS Inc., Chicago, IL, U.S.A.). Differences betwgroups were evaluated by one way ANOVA and Tigkey
multiple comparison tests. Statistic values of P80vere considered significant. All data are repbas means
t+standard error of the means (S.E.M.). Studertests were also used to analyze differences.

1.  RESULTS

3.1. Identification of Alab™ in the Jgju Aloe

To isolate the AlaB" associated with the aloe, bacteria were isolatedh fthe seedlings of healthy
Aloe vera. Gram positive, oxidase negative bacteria witmhuvhite colonies were consistently recovered on
MRS medium containing 2% glucose. One bacteridhfsol actobacillus helveticusKk JIMA-0001, Alad™) was
selected for identification and characterizatioh.DATOF mass spectrometric analysis revealed tHab™
wasLactobacillus hel veticus with scores of 2.595 (score2.0 = identification to the species level [37].
BLAST search confirmed that the 16S rRNA gene sege ofLactobacillus helveticus (1,406 bp; GenBank
accession nos. ON834457) shared 98.7% similarityatbobacillus helveticus2595 (NBRC 15019) isolated in
China. (Fig 1).

BLASTH 2.13.0+

Reference:

Zhena Zhang, Scott Schwartz, Lukas Wagner, and Webb Willer (20007,
“& greedy algorithm for aligning DN& sequences”™, J Comput Biol 20005
T1-21:203-14,

Database: 165 ribosomal PNA (Bacteria and Archaea tvpe strains)
26,881 segquences; 38,967,640 total letters

Query= KJM_HE

Lenath=1436
Score E
sequences producing significant alignments: (Bits) Value
NE_O42111.1 Lactobacillus gallinarum strain ATCC 33193 165 ribosao, .. 2606 0.0
MER_117061.1 Lactobacillus gallinarum strain ATCC 33193 165 riboso. .. 2606 0.0
ME_113261.1 Lactobacillus gallinarum strain JCM 20011 165 ribosoma, .. 2606 0.0
NEB_113719.1 Lactobacillus helveticus strain MBEC 15013 165 riboso, .. 25895 0.0
NBE 0424331 Lactobacillus helweticus DEM 20095 = CGHMCC 1.1877 165, .. 2655 0.0
R

MB_117080. 1 Lactobacillus helveticus DEW 20095 = CGHMCC 1.1877 165, 2595
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_. ........................................................ Lactobacillus Crispatus(gi:NR_119274)
oo Lactobacillus helveticus(gi:NR 113719)

e~ Lactobacillus helveticus(gi:NR _042439)
oo Lactobacillus helveticus(gi:1.C062899)

S— Lactobacillus helveticus(gi:NR_117060)
(B)

B GC Skew+

B GC Skew-

B GC Content

B ORF

WCDS
tRNA

B tmRNA

¥ repeat_region
rRNA

Fig 1: Phylogenetic tree of, Alab™ based on 16S rRNA (A)/DNA full genome (B)sequences constructed
using the neighbor joining method. The numbers above the branches are bootstrapsvdlaes indicate the
number of nucleotide substitutions per site. Issdatsed in this study are indicated in bold and aitows.

3.2. Survival of Alab™ at weak acidic pH

In most humans, the digestive juices in the midgarterally fall within the pH range of 4.5-5.5 [38}3
To evaluate the survival of Al&¥ under weak acidic conditions, we assessed thévalinf Alab™ in MRS
broth at pH 5.0 and 5.5 for 24 hrs. The viable cellints of the AlaB! at pH 4.5, used as a control, did not
change over 24 h, and were similar even at pH abdFg 2). This result indicate that tested stiginesistant
to the simulated human gut pH environment andgpaties specificity.
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Fig 2: Survival of Alab™ at weak acidic pH. Viable cells of Alab™ over time in MRS broth at pH 4.5, pH 5.0,
or pH 5.5. Values are means of data from triplicexperiments each of which contained three technica
replicates, with the standard deviation (SD) intidaby vertical bars.

3.3. Survival of Alab™ in simulated gastric juice and bile salt solution of humans

We assessed the viability of Al@bin a low pH environment simulating the human gutietermine
critical probiotic availability. To evaluate the rsival of Alab™ under acidic conditions, we assessed the
survival of Alad™ in simulated gastric juice (pH 2.2 or 2.5) coniagn1% pepsin for 120 min. LAB had high
survival rates at pH 2.5 over 120 min of expostfig (3). This result indicates that tested Alkexhibit
resistance to the gastric juice environment. Tdumta whether bile salts reduce the survival ofb®fa the
Alab™ was assessed for survival in MRS media contaifingo and 0.5% bile salt (oxgall). A tested Aldb
isolates showed high survival rates after 24 hrexgfosure to 0.1% and 0.5% oxgall (Fig 4A and 4B)is
result indicate that the Ala¥ have significant tolerance to bile salts.

12 -

—t——t—

Viable Cells (logl0 CFU/mL)

6 - -A-pH 4.5
-8-pH 5.0
-6-pHS.S
3 -
0 r r r J
0 30 60 90 120
Time (min)

Fig 3: Survival of Alab™ in simulated gastric juice of humans. Viable cells of Alab“ over time in MRS
broth containing 1% pepsin at pH 2.5. Values aramaeof data from triplicate experiments, with tkendard
deviation (SD) indicated by vertical bars.
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Fig 4: Survival of Alab™ in simulated bile juice of humans. Viable cells of Alab" over time in MRS broth
containing 0.1% (w/v) (A) or 0.5% (w/v) (B) bile IsaValues are means of data from triplicate experits,
with the SD indicated by vertical bars.

3.4. Effects of Alab™ on Locomotor Activity

Actograms were used to visualize the effects obRfaon locomotor activity (Fig. 5A). For AldH,
locomotor activity decreased during all phases dose dependent manner, and the activity in thegenL
Alab™ group was greatly reduced, showing a calm state thie decreased black areas; the activities during
both night and daytime were significantly decreabgd54 and 78%, respectively, by 20 pg/mL Afdb
treatment §<0.05) (Fig. 5B, 5C). In addition, lower doses oM (5, 10 pg/mL) produced a significant
decrease in locomotor activity compared to the rebmgroup during daytime. This result indicatest tAtab™
effectively displayed a sedative function that fleadbsleep promotion.
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Fig 5. Effects of Alab™ on Locomotor Activity in Fruit Flies. This experiment was performed under
constant darkness (DD) for 5 days (3 d: adaptatim normal diet, 5 d: experiment with treatmentsAab™

in sucrose agar media). (A) Typical actograms dfvidual control flies (n=20) and flies exposed ta#M
(n=16) by dose. Average activity in a 30 min intdrwas calculated over 5 d. Black/white bars ondbghe
actograms indicate dark (22:00 to 10:00) and 1{@bt00 to 22:00) phases. (B) Activity during datkages and
(C) activity during light phases. Values indicatee tmeans + S.E.M. for each group. Symbols indicate
statistically significant differences versus Conftqi<0.05, **p<0.01).
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3.5. Effect of Alab™ on Sleep Behavior

The effects of AlaB” on dark phase activity, number of sleep bouts, tatal dark phase sleep were
examined (Fig. 6). With the DAM system for the widual sleep behavior, total movement of flies sesknhoe
decrease in the Al3} treated group, although it was not statisticaigniicant (Fig. 6A). AlaBM treated group
showed significantly higher levels of sleep bouthjclv are an interruption of sleep, compared todbwetrol
(Fig. 6B). The Alab" showed lower sleep bouts, but still higher thamma control. For total nighttime sleep
duration, AlaBM treatment seems to increase sleep time compartbe wontrol, but statistical significance was
not observed (Fig. 6C).

Alab™ treatment also did not show the significant differsin total nighttime sleep compared to the
control. In the LAM system including social behawib activity, movement activity in the AldB group
appeared to decrease, although it was not staflgtisignificant (Fig. 6D). On the other hand, Al¥tireated
flies demonstrated a significant increase in totghttime sleep (Fig. 6E). This result showed that Atab™
had a sleep promoting effect in social behaviooaldition.

(A) ®)

250 «
30

200 +

~
=]
M

150 4 I

100 +

No. of counts

—
=]
M

No. of sleep counts

Control Alab™ Control Alab™
© (D)

800 1,500 1

600 1 1 ab

=
[
=
=

400 4

No. of counts

th
=
=

200 -

Total night time sleep (min)

Control Alab™ Control Alab™

G

600 -

400 |

200 o

Total night time sleep (min)

0 T
Control Alab™

Fig 6: Effects of Alab™ on Sleep Behavior in Fruit Flies.
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This experiment was performed under constant dakrf®D) for 8 days (3 d: adaptation, 5 d:
experiment). (A) Dark phase activity, (B) humberstéep bouts, and (C) duration of dark phase stédhe
control group (sucrose agar media group), 10 mgAtdb™ treatment group using the Drosophila Activity
Monitoring (DAM) system. (D) Dark phase activitydaE) amount of dark phase sleep of the controligro
(sucrose agar media group), 10 mg/mL LAB treatnggatp using the Locomotor Activity Monitoring (LAM)
system. Values represent the means = S.E.M. fdr gawip. Different letters indicate significant diénces.

3.6. Effect of aAlab™ on Sleep Behavior in a Caffeine Induced Awake M odel

Dark phase activity and sleep bouts in the caffé@uegroup significantly increased compared to the
control group while total sleep time showed a digant decrease (Fig. 7A—7C). Administration of flab™
showed a marked reduction in total movement agtifitig. 7A). Number of sleep bouts also significantl
decreased with the Al&B compared to the caffeine treated group (Fig. KBanwhile, total sleep time of the
Alab™ group in the dark phase was significantly increasmtdpared to the caffeine only group (Fig. 7C). In
LAM system, total movement of the AlBhflies was similar level to normal group, which ligistly lower than
caffeine only group (Fig. 7D). In addition, darkgsie sleep time of the Al8H group exhibited a significant
increase compared with caffeine only exposed g(&ign 7E). Collectively, this result showed tha¢ thlab™
was effective in sleep promotion in caffeine indilieevake model.
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Fig 7: Effect of Alab™ on Caffeine Induced Wakefulnessin Fruit Flies.

This experiment was performed under constant dakrf®D) for 4 days (3 d: adaptation, 4 d:
experiment). (A) Dark phase activity, (B) numberstéep bouts, and (C) amount of dark phase slegpeof
control group (sucrose agar media group) 20 mg/rtabX with the 10 mg/mL caffeine treatment group using
the Drosophila Activity Monitoring (DAM) system. j[Dark phase activity and (E) amount of dark phsisep
of the control group (sucrose agar media group)mg@mL Alab™ with 10 mg/mL caffeine treatment group
using the Locomotor Activity Monitor (LAM) systemValues represent the meanszS.E.M. for each group.
Different letters indicate significant differences.

3.7. Effects of Alab™ on mRNA L evels of Neurotransmitter Signaling

Transcript levels of Resistant to dieldrin (Rdlhieh is aDrosophila GABAA receptor, in AlafM
group was significantly increased compared to therobgroup (Fig. 8A). The Alaly increased Rdl mRNA
expression by over 50% compared to control groug. @A). In addition, mMRNA levels of GABAB receptar
(GABAB- R1) also showed a significant increase i flab™ group (Fig. 8B). However, the mRNA levels of
these receptors in the treatment group decrease@noained similar to controls. Moreover, for GABAB
receptor 2 (GA BA B-R2) and 5-hydroxytryptamine eptor 1A (5-HT1A) mRNA expressions, the Aldb
group expressed a higher level than the contralgrbut significance was not observed (Fig. 8C, 8D).
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Fig 8: Effect of Alab™ on Rdl, GABAB-R1, GA BA B-R2, and 5-HT1A mRNA Expression in Fruit Fly
Heads. Experiments were performed after exposure to al®2hrs light : dark cycle for 2 weeks. Rdl; Remist
to Dieldrin, GABAB-R1; GA BA B receptor 1 GABAB-R2GABAB receptor 2,5-hydroxytryptamine A
receptor 1 (5-HT1A). Control; sucrose agar medupgyr Alab™; Valerian 20 mg/mL in sucrose agar media.
Values represent the means + S.E.M. from 150 fiegpmup. Different letters indicate significantfdiences.

IV. DISCUSSION

Lactobacillus helveticus is mainly isolated from plants and the environmdritisis used for cheese
production and fermentation of foods including vedées, meat, and wine [37]. In addition, this bacom has
been genetically modified for the treatment of hontiseases [38]L. helveticus has GRAS status and is
beneficial to humans [37L. helveticus was identified inAloe vera (Aloe Barbadensis Miller) by 16S amplicon
sequencing [39]. The. helveticus is isolated mainly from the guts of healthy humand many animals.

We focused on whether Al&bisolated from the Jej@loe vera can function as LAB. LAB benefit host
cells only if they survive low pH conditions (pH022.5) and toxic bile salts during passage throtigh
gastrointestinal tract and adhere well to humats ¢40, 41]. The AlaB" investigated in this study survived at
densities of > 4.2 log10 CFU/mL in simulated gasjmice at pH 2.2 (Fig 3). Aldl belong to the same species
of L. helveticus, but showed different sensitivities to low pH. Fhésult was consistent with previous research,
which indicates that strains of the sabaetobacillus species may exhibit differences in viability atvipH and
strain dependent survival [40, 42]. Aldbsurvived well in simulated gastric juice at pH 2150.5% bile salt
solution (Fig. 3 and 4). Therefore, we suggest thist Alab™ obtained from the leaves of the Jéjloe vera
seedlings exhibit the critical characteristics oblpotics. According to the viability assay in tsenulated
human gut pH, i.e., weakly alkaline environmengi#¥ survived well in MRS broth at pH 8 (Fig 2). Thisudt
indicate that bacteria fed to human proliferated smccessfully colonized the gut. In this study,shewed the
total colony population of Alaly! instead of LAB localization in the gut of humars, iaiis currently unknown
whether LAB are restricted to specific gut sectidngerestingly, these follow-up studies on thisuis will have
implications for understanding the natural ecologjAlab™ and will provide new opportunities for industrial
strain development. In this study, we isolated afehtified Alab™ from the JejuAloe vera in Korea, and
demonstrated that this bacterium has the essdetifiires of LAB. The present study is the firstréport
Alab™ isolated from the Jejlloe vera with potential application as probiotics.

Insomnia is prevalent among people; over 30% ofwtbdd’s population have symptoms of insomnia,
and 10% of the people are known to have seversithimsomnia [43]. Many studies have shown thabiinsia
causes not only risks of mental or physical hef@ but also poor quality of life, increased ocatipnal errors,
and increased industrial accidents [44]. Althouglarmaceutical treatments have been suggested ethandl
on natural product targeting study has been ineckasiing to drug mediated side effects.

This study showed the potential of a Aldbas a sleep promoting agent irDaosophila model. L.
helveticus is recognized for its sedative and soothing maedicproperties and is used to ease symptoms of
insomnia. Recent studies showed thahelveticus influences sleep through various factors in ratstamans
[45, 46], but its efficacy on sleep has not beenatestnated in @rosophila model.L. helveticus has also been
used as a dietary supplement for mood and sle¢prioisices [45, 46]. Several studies reported thatse
effects ofL. helveticus [46], but a systematic assessment on sleep hafy raeen done. In current study,
sedative effect of Alaly on the locomotor activity was identified (Fig. &8hd sleep enhancing effect of Aldb
was observed as a significant increase compardtetadrmal control in DAM and LAM system, respechjve
(Fig. 6C, 6E). The Alal¥ was shown to have a significant sleep promotingcefin normal condition of
Drosophila in LAM system (Fig. 6E). This result showed tHz¢ Alald™ has combinational or synergistic effect
on the sleep promotion, and previous reported sedaffects ofL. helveticug27, 28] can be connected to the
sleep promoting effect by AlaH.
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Caffeine is the most widely used material to indpbgsical wakefulness. Caffeine functions as an
antagonist for the adenosine 2A subunit [47]. Muegpcaffeine affects arousal by modulating protéirase A
(PKA) and cAMP in flies [48]. Thus, caffeine is appaopriate method to enhance arousal iBrasophila
model. The Alab" treatment exhibited less movement activity andjérsleep time than caffeine only treated
group in the caffeine induced awake condition (Fi§y, 7C). Unlike normal condition, sleep promotieffiect of
the Alab’™ was observed in both DAM and LAM systems (Fig. 7€). Thus, this result indicated that AT4b
can play more important role in sleep promotiorcafieine induced awake conditions than normal doomi

A recent study showed the possibility of Al¥kin the treatment of insomnia patients [49], sutipgr
our data. In particular, it has been known to hitiréctly to GABA A receptors that favor sleep [SGHABA
plays an important role in many rhythmic activittes modulating arousal and relaxation. Our datansbthat
a Alab™ up regulates both the GABA receptor and serotoeaeptor (Fig. 8). Particularly, this mixture was
shown to regulate GABA receptors more strongly theamtonin receptors (Fig. 8).

Current study describes the effect of the Alalon the locomotor activity and sleep durations to
determine sleep promoting capacity of the AMabHowever, its effect on sleep patterns includiagid eye
movement (REM) and non-rapid eye movement (NREMY, the effect on sleep induction were not handted i
this study. Sine these sleep related data wouldnigde details including effects of the Aldbon the quality of
sleep, studies using mammalian models would bepedd in the next.

Our results demonstrated that a Afalpromotes sleeping with the reduction of dark phastivity
compared to the control condition or single adntiaigon of the Alab™ in fruit fly model. This sleep promoting
effect of the Alab™ occurred via regulation of neuromodulator sigraliemponents such as Rdl, GABAB, and
5-HT1A receptors.
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