
Bioscience, Biotechnology, and Biochemistry , 2025, 0 , 1–12 

https://doi.org/10.1093/bbb/zbaf065 
Advance access publication date: 8 May 2025 

Regular Paper 

Lactiplantibacillus brownii strain MH-1 prolongs 

healthspan and improves stress resistance in 

Caenorhabditis elegans 

Mina Hashimoto 1 , Yoshihiko Tanimoto 1 ,2 ,3 , and Eriko Kage-Nakadai 1 ,2 ,3 , * 

1 Department of Nutrition, Graduate School of Human Life and Ecology, Osaka Metropolitan University, Osaka, Japan 
2 Institute for Life and Medical Sciences, Kyoto University, Ky oto, J apan 
3 Department of Molecular and Cellular Biology, Division of Integrated Life Science, Graduate School of Biostudies, Kyoto University, Kyoto, Japan 
∗Corr espondence: Erik o Ka ge-Nakadai, nakadai@infr ont.k y oto-u.ac.jp 

Abstract 

Lactiplantibacillus brownii was first discovered in 2023. We previously isolated L. brownii strain MH-1 from homemade pickled Chinese 
ca bba ge in Hir oshima Pr efectur e, J apan, and performed whole-genome sequencing. In this study, we examined the beneficial effects of 
L. br ownii str ain MH-1 on a host using C. elegans . MH-1 and heat-killed MH-1 extended the lifespan and also alleviated motility decline 
during aging in worms. Feeding MH-1 to nematodes indicated its presence in the intestinal tract with no change in body or brood 

sizes, suggesting that dietary restrictions did not occur. There were no significant differences in intestinal barrier enhancement or 
fat accumulation in MH-1-fed C. elegans . The stress response of C. elegans was enhanced by MH-1 for oxidative stress toler ance . MH-1 
incr eased the expr ession of genes inv olv ed in defense r esponse and lipid cata bolism. These r esults demonstrate the beneficial effects 
of MH-1 on nematodes and its potential use as a probiotic. 

Ke yw ords: Lactiplantibacillus brownii , Caenorhabditis elegans , healthspan, motility, oxidati v e str ess r esistance 

Gr aphical abstr act 

Lactiplantibacillus brownii strain MH-1 exerts beneficial effects including the extension of the lifespan and healthspan in the model 
animal C. elegans . 
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Man y tr aditional foods worldwide hav e been de v eloped thr ough 

fermentation to delay spoilage and ensure preservation. Many fer- 
mented foods contain lactic acid bacteria (LAB), and many strains 
have been isolated from these foods . F ermented foods containing 
LAB are recognized as foods that are beneficial to human health. 

The genus Lactobacillus , a LAB, is composed of extr emel y div erse 
species at the genotype le v el, and Lactiplantibacillus was defined as 
a new genus in 2020 (Zheng et al. 2020 ). This genus curr entl y in- 
cludes 20 species, and the type species is Lactiplantibacillus plan- 
tarum . Some Lactiplantibacillus strains possess beneficial proper- 
ties. Lactiplantibacillus plantarum OLL2712 ingestion has pr otectiv e 
effects against memory function decline in older adults (Sakurai 
et al. 2022 ). Oral administration of Lactiplantibacillus pentosus P2020 
significantl y decr eased serum uric acid le v els and r educed r e- 
nal inflammatory response in mice (Wang et al. 2023 ). Heat-killed 
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actiplantibacillus argentoratensis BBLB001 significantly ameliorated 

extran sodium sulfate-induced colitis in mice (Itoh et al. 2024 ). 
Lactiplantibacillus brownii is a new species discovered in 

auerkr aut (fermented cabba ge) collected fr om local markets in
osco w, Russia, and w as first reported in 2023 (Heng et al. 2023 ).

r e viousl y, we isolated the L . brownii strain MH-1 from homemade
ic kled Chinese cabba ge in Hir oshima Pr efectur e, Ja pan, and per-
ormed whole-genome sequencing (Hashimoto et al. 2024 ). 

Caenorhabditis elegans has been extensiv el y utilized as an ani-
al model for aging research because of its many benefits, such

s a short lifespan, a completely sequenced genome, and gene
omologs to 74% of human genes ( C. elegans Sequencing Con-
ortium 1998 ). Additionally, C. elegans has been used to evaluate
he effectiveness of probiotics, to assess pathogenicity and eluci- 
ate its mechanisms, and as a model for neurodegenerative dis-
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ases and obesity r esearc h (Alegado et al. 2003 ; Caldwell, Willi-
ott and Caldwell 2020 ; Poupet et al. 2020 ; Yue et al. 2021 ). We
av e pr e viousl y explor ed the beneficial effects and mechanisms
f pr ospectiv e pr obiotics using C. elegans as the model host. Lacto-
occus kimuc hii alle viates motility decline via the insulin signaling
athway (Takeuchi et al. 2024 ). Bacillus subtilis var. natto increased
tr ess r esistance (Ter amoto et al. 2023 ). Clostridium butyricum im-
r ov ed locomotion and resistance to stressors (Kato et al. 2018 ). All
he above bacteria also exhibited extended lifespans in C. elegans .

With the short time since the recognition of L. brownii as a new
pecies, its effects on C. elegans are unknown. In this study, we
imed to examine the beneficial effects of L. brownii strain MH-1
n a host, using C. elegans as the model. 

aterials and methods 

acterial strains and culture conditions 

sc heric hia coli OP50 (OP) (used as the standard diet for Caenorhab-
itis elegans ) was cultured on tryptone soya medium (Nissui Phar-
aceutical, Tok y o, J apan) at 37 ◦C overnight in static culture. Lacti-

lantibacillus brownii strain MH-1 (MH-1) isolated from homemade
ickled Chinese cabbage made in Japan (Hashimoto et al. 2024 )
as cultured on Lactobacilli de Man, Rogosa, and Sharpe (MRS)
gar (Difco BD, Sparks, MD) for 48 h anaerobically and Lactobacilli
RS broth (Difco BD) overnight in static culture at 30 ◦C. Each bac-

erium cultured on medium plates was scr a pped and suspended
n M9 buffer (3 g/L KH 2 PO 4 , 6 g/L Na 2 HPO 4 , 5 g/L NaCl, 1 m m

gSO 4 ) (10 mg wet weight/50 μL M9 buffer). Pr ecisel y 50 μL of the
acterial suspension was spread on peptone-free modified nema-
ode growth media (mNGM, NGM without peptone) plates in 5.5-
m-diameter plates to feed the worms. 

aenorhabditis elegans strains and culture 

onditions 

aenorhabditis elegans strain Bristol N2 (wild-type) was obtained
rom the Caenorhabditis Genetics Center, University of Min-
esota. The nematodes were maintained using standard tech-
iques (Brenner 1974 ). The mature nematodes were exposed to
 mixture of sodium hypochlorite and sodium hydroxide to ob-
ain their eggs . T he egg suspension was incubated in an M9 buffer
t 25 ◦C for 1 day to encour a ge hatc hing and sync hr onization. A
uspension of sync hr onized L1-sta ge w orms w as centrifuged at
56 × g for 1 min. After aspirating the supernatant, the remaining
arv ae wer e tr ansferr ed to mNGM plates cov er ed with 10 mg of
acteria and used for experimental assa ys . All C. elegans experi-
ents were conducted at 25 ◦C. 

ifespan assay 

ync hr onized L1-sta ge w orms w er e cultur ed on mNGM plates
ov er ed with 10 mg OP for 2 days until they r eac hed 3 days old.
 he 3-da y-old w orms w ere then placed on 5.5-cm mNGM plates
ov er ed with either 10 mg OP alone, a mixture of 3 mg OP and
 mg MH-1, or heat-killed MH-1 (HK-MH-1) (35 worms per plate).
K-MH-1 was pr epar ed by heating MH-1 at 90 ◦C for 10 min in a
 ater bath. The w orms w er e tr ansferr ed to fr esh plates dail y dur-

ng the r epr oductiv e period and e v ery other day thereafter. The
umbers of live and dead worms were counted daily. Worms were
onsidered dead if they failed to respond to gentle touch with the
orm picker. Worms that disappeared from the plate or died dur-

ng internal hatching were considered lost and excluded from the
nalysis . T he assa y was performed in duplicate , and the replicated
ata were merged and presented. Worm survival was calculated
sing the Kaplan −Meier method. 

The mean lifespan (MLS) was estimated using the following for-
ula (Wu et al. 2006 ): 

MLS = 

1 
N 

∑ 

j 

x j + x j+1 

2 
d j 

here d j is the number of worms that died in the age interval (x j to
 j + 1 ), and N is the total number of worms . T he standard error (SE)
f the estimated MLS was calculated using the following equation:

SE = 

√ √ √ √ 

1 
N ( N − 1 ) 

∑ 

j 

(
x j + x j+1 

2 
− MLS 

)2 

d j 

The maximum lifespan was determined as the MLS of the
ongest-living 15% of worms in each group. 

easurement of locomotion 

 he 3-da y-old worms cultured on OP plates were placed on mNGM
lates cov er ed with OP alone or with a 3:7 mixture of OP and MH-
 (or HK-MH-1). Worm motility was examined daily and scored
sing a pr e viousl y described method (Gruber et al. 2011 ; Kom ur a
t al. 2013 ). Briefly, worms were categorized as “class A” when they
ov ed vigor ousl y or spontaneousl y in r esponse to pr odding, “class

” when they had uncoordinated movement or did not move un-
ess prodded, and “class C” when they only moved their heads
nd/or tails in response to prodding. Dead w orms w ere catego-
ized as “class D.” The assay was performed in duplicate or tripli-
ate, and the merged data were statistically analyzed. 

bserv a tion of intestinal MH-1 in C. elegans 
H-1 in the intestinal tract of C. elegans was observed using a pre-

iously described method with slight modifications (Takeuchi et al.
024 ). Briefly, MH-1 cells scr a pped fr om MRS a gar wer e suspended
n 10 times of phosphate-buffered saline (PBS) containing 0.01%
uorescein isothioc y anate (FITC; Dojindo , K umamoto , Japan) and

ncubated for 1 h at 30 ◦C. The cells were washed 5 times with
BS and resuspended in M9 buffer (10 mg wet weight/50 μL M9
uffer). T he 3-da y-old worms cultured on OP plates were placed
n mNGM plates cov er ed with either OP alone, FITC solution, or a
:7 mixture of OP and FITC-labeled MH-1. The plates were incu-
ated for 1 h, and fluorescence was observed using a BX53 micro-
cope (Olympus, Tok y o, J apan). 

easurement of body size 

 he 3-da y-old worms cultured on OP plates were placed on mNGM
lates cov er ed with either OP alone or a 3:7 mixture of OP and
H-1. The body sizes of the worms were measured at the ages

f 5, 7, and 11 da ys . Ima ges of matur e w orms w er e ca ptur ed us-
ng a BZ-X800 micr oscope (K ey ence, Tok y o, J a pan), and the ar ea of
 orms w as measured using Hybrid Cell Count software (BZ-H3C,
 eyence). The pr ojection ar ea of the worm was used as an index
f body size. 

easurement of brood size 

 he 3-da y-old worms cultured on OP plates were placed on mNGM
lates cov er ed with OP alone or with a 3:7 mixture of OP and
H-1. The parent worms wer e tr ansferr ed to fresh mNGM plates

aily until the end of the r epr oductiv e period. The eggs remain-
ng on the plates wer e hatc hed, and the number of progenies was
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Smurf assay for intestinal barrier function 

The integrity of the intestinal barrier function was examined us- 
ing a pr e viousl y described method (Kim et al. 2020 ) with some 
modifications . T he 3-da y-old worms cultivated on OP plates were 
placed on mNGM plates cov er ed with OP alone or a 3:7 mixture of 
OP and MH-1 until they r eac hed 11 da ys . T hen, the w orms w ere 
tr ansferr ed to an NGM liquid medium containing HK-OP50 mixed 

with 5% acid blue 9 as a blue food dye (Tokyo Chemical Industry 
Co., Tok y o, J apan) at 25 ◦C for 3 h. The worms were washed with 

M9 buffer until the blue color of the dye was in visible . T he worms 
wer e observ ed on a glass slide with 50 m m sodium azide in the 
presence of a blue dye in the body cavity using a BX53 microscope 
(Ol ympus). Subsequentl y, the stained w orms w ere counted to de- 
termine the body cavity leakage. 

Lipid staining 

Lipid staining was performed using a pr e viousl y described method 

with some modifications (Gusarov et al. 2017 ). Briefly, 3-day-old 

worms cultured on OP plates were placed on mNGM plates cov- 
ered with OP alone or a 3:7 mixture of OP and MH-1 until they be- 
came 7 days old. Subsequently, the worms were washed with M9 
buffer and fixed with 50% isopropanol in PBS for 15 min on ice. Oil 
r ed O stoc k solution (0.5 g/100 mL in isopr opanol; Sigma-Aldric h,
St. Louis, MO) was diluted in distilled water to a 60% working solu- 
tion and filtered through a 0.2 μm membrane filter. Fixed worms 
were incubated in the working solution at 25 ◦C for 20 min. After 
removing the working solution, the stained w orms w ere w ashed 

thrice with M9 buffer containing 0.5% Triton X-100. The worms 
were then placed on glass slides and imaged using a BX53 micro- 
scope (Olympus). The dye intensity was measured using ImageJ 
software (Yen et al. 2010 ). 

Oxidati v e stress resistance assay 

T he 3-da y-old worms cultured on OP plates were placed on mNGM 

plates cov er ed with OP alone or a 3:7 mixture of OP and MH-1 
until they r eac hed 9 days old, after which they were subjected 

to a str ess-r esistance assay. For the o xidati v e str ess assa y, 9-da y- 
old w orms w er e tr ansferr ed to mNGM plates containing 2 m m 

paraquat. The number of live and dead worms was counted daily.
Similarly, the worms wer e tr ansferr ed to M9 buffer containing 
2 m m hydr ogen per oxide and scored for viability hourly. Worms 
wer e consider ed dead if they failed to r espond to r epeated touc hes 
with a worm picker. 

RN A extr action and sequencing 

T he 3-da y-old worms cultured on OP plates were placed on mNGM 

plates cov er ed with OP alone or a 3:7 mixture of OP and MH- 
1 for 1 day until they r eac hed 4 days old. Appr oximatel y 200 
worms per group ( n = 3) were collected and washed at least 
thrice with an M9 buffer containing 0.2% gelatin. The worms 
were soaked in RNAprotect Tissue Reagent (Qiagen, Hilden, Ger- 
many) and stored at −80 ◦C until RNA extraction. T ha wed sam- 
ples were ground using a microtube pestle (Scientific Specialties,
Inc., Lodi, CA) and homogenized using TRIzol (Thermo Fisher Sci- 
entific, Waltham, MA). Total RN A w as isolated using an RNeasy 
Mini Kit (Qiagen). RNA sequencing was performed by DANAFORM 

(Kanagaw a, J apan) using 2 out of every 3 samples as follo ws: RN A- 
seq libr aries pr epar ed using the SMARTer Str anded RNA-Seq Kit 
(Clontec h) wer e run on a NovaSeq 6000 System (Illumina Inc.,
San Diego, CA) with 150 bp paired-end reads . T he quality of RNA- 
seq results was assessed using FastQC (version 0.11.9). The raw 
eads obtained were trimmed and quality-filtered using Trim Ga- 
or e! (v ersion 0.6.7), Trimmomatic (version 0.39) (Bolger, Lohse and
sadel 2014 ), and Cutadapt (version 3.7). Trimmed reads were
apped to the N2 C. elegans reference genome cell (WBcel235.105)

sing STAR (version 2.7.9a) (Dobin et al. 2013 ). Reads on the an-
otated genes were counted using featureCounts (version 2.0.1) 

Liao, Smyth and Shi 2014 ). Quantitative differential expression 

nalysis between conditions was performed using the RNA-seq 

nalysis Portal (Qiagen) to compare OP-fed and OP + MH-1-fed
roups . T he upregulated genes were defined as fold change > 2
nd FDR P -value < .05 ( Table S1 ); the downregulated genes were
efined as fold change < −2 and FDR P -value < .05 ( Table S2 ). Heat
a ps wer e gener ated with these genes using RNA-seq Anal ysis
 ortal (Qiagen). T he upregulated genes were subjected to enrich-
ent analysis based on their gene ontology (GO) categories for

iological process (BP), molecular function, and cellular compo- 
ents using Metascape (Zhou et al. 2019 ) ( Table S3 ). The dataset is
ccessible through the Gene Expression Omnibus with the acces- 
ion number GSE261495. 

e verse tr anscription and real-time pol ymer ase 

hain reaction (PCR) 
emoval of genomic DNA and cDNA synthesis were performed us-

ng a QuantiTect Re v erse Tr anscription Kit (Qia gen) with the RNA
btained as described abo ve . Real-time quantitative polymerase 
 hain r eaction (PCR) was conducted using Po w er SYBR Green PCR
aster Mix (Thermo Fisher Scientific) on a StepOnePlus Real-Time 

CR System (Thermo Fisher Scientific) with the following param- 
ters: 95 ◦C for 10 min, follo w ed b y 40 c ycles of 95 ◦C for 15 s and
0 ◦C for 1 min. Samples fr om thr ee biological r eplicates wer e
nal yzed. Relativ e mRNA expr ession was determined using the
ycle threshold ( ��Ct) method (Livak and Schmittgen 2001 ) and
ormalized by the expression of the housek ee ping genes cyc-1 ,

ba-1 , and act-1 . The primers used for r eal-time PCR ar e listed in
able S4 . 

ta tistical anal ysis 

he log-rank (Mantel-Cox) test and unpaired 2-tailed t -test were
sed for statistical analyses using Gr a phP ad Prism 8 softwar e (Ver.
.4.3, Gr a phP ad, San Diego, CA). 

esults 

H-1 increased the motility of C. elegans 
e first examined whether MH-1 feeding not onl y pr olonged lifes-

an but also alleviated the motility decline during aging in C. ele-
ans . Pr e vious r eports r e v ealed that feeding C. elegans MH-1 alone
ad no effect on lifespan extension and that C. elegans avoided
H-1 lawn. To minimize the effect of OP in the mixed feeding of
P and MH-1, 10 mg OP and 3 mg OP feeding were compared and
o difference in lifespan was observed (Hashimoto and Shimizu
020 ). Ther efor e, the worms were fed a 3:7 mixture of 3 mg OP and
 mg MH-1 (OP + MH-1). The sync hr onized w orms w ere fed OP
ntil they matured into 3-day-old adult w orms, which w ere then
ivided into 2 groups that were fed OP alone or OP + MH-1 (Fig-
re 1 a). Worms fed OP + MH-1 had extended lifespans compared
o those fed OP alone (Figure 1 b). The motility scores of worms
n the OP + MH-1 gr oup wer e higher than those in the OP group
Figure 1 c and d). The proportion of class A worms that exhibited
igorous or spontaneous locomotion was significantly higher in 

he OP + MH-1 group than in the OP group (Figure 1 e). 

https://academic.oup.com/bbb/article-lookup/doi/10.1093/bbb/zbaf065#supplementary-data
https://academic.oup.com/bbb/article-lookup/doi/10.1093/bbb/zbaf065#supplementary-data
https://academic.oup.com/bbb/article-lookup/doi/10.1093/bbb/zbaf065#supplementary-data
https://academic.oup.com/bbb/article-lookup/doi/10.1093/bbb/zbaf065#supplementary-data
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Figure 1. MH-1 feeding increased the lifespan and reduced the motility decline during aging in Caenorhabditis elegans . (a) Diagram illustrating the 
survival assay and locomotor activity test. The sync hr onized worms were fed Escherichia coli OP50 (OP) until they matured into 3-day-old adult worms. 
The worms were then divided into 2 groups: one group was fed OP alone, while the other group was fed a 3:7 mixture of OP and Lactiplantibacillus 
brownii MH-1 (OP + MH-1). (b) Survival curves of C. elegans fed OP and OP + MH-1. Day 0 of the observation period was set as the day the worms were 3 
days old. Survival rates were calculated using the Kaplan −Meier method and compared with the control OP group using the log-rank test. ∗P < .05; OP, 
n = 153; OP + MH-1, n = 139. Table S5 provides detailed lifespan data and statistics. (c, d) Motility of C. elegans fed OP (c) and OP + MH-1 (d). Worms 
wer e gr ouped into four classes based on their locomotion: class A, r obust and coordinated sinusoidal locomotion (r ed bars); class B, uncoordinated 
and/or sluggish movement (y ello w bars); class C, no forw ar d or backw ar d movement but head movements or shuddering in response to prodding (blue 
bars); and class D, dead worms (green bars). (e) Healthspan curves of C. elegans fed OP and OP + MH-1. The proportion of class A worms was plotted. 
Class A proportions were calculated using the Kaplan −Meier method and compared with the control OP group using the log-rank test. ∗∗∗P < .001. 
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Figure 2. Heat-killed MH-1 (HK-MH-1) extended the lifespan and healthspan of C. elegan s. (a) Dia gr am illustr ating the surviv al assay and locomotor 
activity test. The sync hr onized worms were fed OP until they matured to 3-day-old adult worms and were subsequently fed OP alone or a 3:7 mixture 
of OP and HK-MH-1. (b) Survival curves of C. elegans fed OP and OP + HK-MH-1. Day 0 of the observation period was set as the day the worms were 3 
days old. Survival rates were calculated using the Kaplan −Meier method and compared with the control OP group using the log-rank test. ∗∗∗P < .001; 
OP, n = 113; OP + HK-MH-1, n = 120. Table S5 provides detailed lifespan data and statistics. (c, d) Motility classification of C. elegans fed OP (c) and 
OP + HK-MH-1 (d). (e) Healthspan curves of C. elegans fed OP and OP + HK-MH-1. The proportion of class A worms was plotted. Class A proportions 
were calculated using the Kaplan −Meier method and compared with the control OP group using the log-rank test. ∗∗∗P < .001. 
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Figure 3. MH-1 did not induce negative effects caused by dietary restriction in C. elegans . (a)Microscopy images of C. elegans fed OP, OP + FITC-labeled 
MH-1, or FITC solution only. Scale bars, 100 μm; DIC, differential interference contrast. (b) Body sizes of worms fed OP or OP + MH-1 at 5, 7, and 11 
da ys . Da y 5: OP, n = 24; OP + MH-1, n = 32. Day 7: OP, n = 30; OP + MH-1, n = 28. Day11: OP, n = 36; OP + MH-1, n = 33. (c) Brood size of worms fed OP or 
OP + MH-1. OP, n = 9; OP + MH-1, n = 11. All values are presented as individual plots and means ± standard error of the mean (SEM). Statistical 
analysis was performed using an unpaired 2-tailed t -test. ∗P < .05; N.S., not significant. 
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Figure 4. Effect of MH-1 feeding on intestinal barrier function and fat accumulation in C. elegans . (a) P er centage of w orms with body-cavity leakage fed 
OP or OP + MH-1 at 11 da ys . (b) Quantification of red dye intensity based on the projection area of the worm body fed OP or OP + MH-1 at 7 da ys . OP, 
n = 26; OP + MH-1, n = 37. All results are presented as individual plots and means ± standard error of the mean (SEM). Statistical analysis was 
performed using an unpaired 2-tailed t -test. N.S., not significant. 
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Lifespan and motility of C. elegans fed HK-MH-1 

Next, we investigated the effects of HK-MH-1 on lifespan and 

motility (Figure 2 a). Worms fed OP + HK-MH-1 had longer lifes- 
pans compared to those fed OP alone (Figure 2 b). The proportion 

of class A worms was significantly higher in the OP + HK-MH-1 
group than in the OP group (Figure 2 c-e). 

Nutritional status of C. elegans following feeding 

with MH-1 

To determine whether MH-1 induces negative effects that are typ- 
ically caused by dietary restriction, we examined the dietary in- 
tak e, bod y size, and brood size of the worms. FITC-labeled MH-1 
was fed to C. elegans to identify intestinal MH-1 in the gut. While 
FITC fluorescence was detected in the intestines of worms fed 

OP + FITC-labeled MH-1, little fluorescence was detected in the in- 
testines of worms fed OP only and FITC solution only (Figure 3 a).
The body size of worms fed OP + MH-1 was larger than that of 
worms fed OP alone at 7 da ys . In contr ast, ther e was no signifi- 
cant difference between the OP and OP + MH-1 groups at 5 and 

11 days (Figure 3 b). The brood size of the worms fed OP + MH-1 
did not significantly differ from that of worms fed OP alone (Fig- 
ure 3 c). 

Integrity of intestinal barrier function with MH-1 

feeding 

We investigated whether MH-1 improves the intestinal barrier 
function in worms . T he percentage of worms fed OP + MH-1 with 

body-cavity leakage was not significantly different from that of 
the control group; ho w ever, there w as a decr easing tr end (Fig- 
ure 4 a). 

Lipid accumulation in C. elegans fed MH-1 

We examined lipid accumulation in worms fed MH-1. Oil Red O 

staining sho w ed no significant difference in dy e intensity betw een 

worms fed OP + MH-1 and those fed OP alone (Figure 4 b). 
tress resistance in C. elegans fed MH-1 

o investigate the effect of MH-1 feeding on stress resistance, the
 orms w ere exposed to o xidati v e str ess (Figur e 5 a). Worms fed
P + MH-1 lived significantly longer than those fed OP alone in the
r esence of par aquat or H 2 O 2 , whic h pr oduced r eactiv e oxygen
pecies in the cells (Figure 5 b and c). 

nalysis of gene expressions regulated by MH-1 

eeding 

e performed RNA sequencing to identify the genes regulated 

y MH-1. A total of 54 genes wer e upr egulated in the OP + MH-
 gr oup compar ed with the OP gr oup, with fold c hange > 2 and
DR P -value < .05 ( Table S1 ), whereas 317 genes were downreg-
lated in the OP + MH-1 group, with fold change < −2 and FDR
 -value < .05 ( Table S2 and Figure 6 a). The GO term for biolog-
cal processes that were enriched in genes upregulated in the
P + MH-1 group was “lipid catabolic process,” “defense response 

o other organisms,” and “fatty acid metabolic process” (Figure 6 b
nd Table S3 ). The expression levels of genes related to these 3 GO
erms wer e e v aluated using r eal-time PCR ( Figur e S1 ). The mRNA
e v els of C32H11.4 , cpt-5 , and ec h-1.1 wer e significantl y higher in
he OP + MH-1 group than in the OP group among the 20 genes
Figure 6 c). 

iscussion 

n this study, we investigated the potential beneficial effects of
he Lactiplantibacillus brownii strain MH-1, isolated from Japanese 
ickles, on C. elegans as a model host. 

MH-1 and HK-MH-1 extended the lifespan and alleviated the 
otility decline during aging in worms. Because nematodes 

voided MH-1 lawn alone, we e v aluated it by mixed feeding with
P. Reducing OP to 3 mg had no effect on nematode longevity

Hashimoto and Shimizu 2020 ). We used peptone-free modified 

GM, which does not induce m uc h OP pathogenicity. In fact, we
ound no difference between viable and dead OP in our previous
eport (Kato et al. 2018 ). These reports suggest that the virulence

https://academic.oup.com/bbb/article-lookup/doi/10.1093/bbb/zbaf065#supplementary-data
https://academic.oup.com/bbb/article-lookup/doi/10.1093/bbb/zbaf065#supplementary-data
https://academic.oup.com/bbb/article-lookup/doi/10.1093/bbb/zbaf065#supplementary-data
https://academic.oup.com/bbb/article-lookup/doi/10.1093/bbb/zbaf065#supplementary-data
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Figure 5. Evaluation of stress resistance in C. elegans fed MH-1. (a) Dia gr am illustr ating the str ess r esistance assa y. T he sync hr onized w orms w ere fed 
OP until they matured to 3-day-old adult worms and were subsequently fed OP alone or a 3:7 mixture of OP and MH-1 for 6 days until they were 9 days 
old. T he 9-da y-old w orms w er e then exposed to str ess . Da y 0 of the gr a ph w as set as the first day that w orms w er e exposed to str ess. (b, c) 
Susceptibility of worms fed MH-1 to paraquat (b), hydrogen peroxide (c). (b) OP, n = 110; OP + MH-1, n = 104. (c) OP, n = 143; OP + MH-1, n = 145. 
Surviv al r ates wer e calculated using the Ka plan −Meier method, and differ ences in surviv al wer e tested using the log-r ank test. ∗∗∗P < .001; ∗∗P < .01. 
Table S5 provides detailed lifespan data and statistics. 
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mpact of OP on nematodes is minimal in this study. Increasing
he healthspan, one common definition of which is the period of
ife spent in good health, fr ee fr om the c hr onic diseases and dis-
bilities of aging, is considered to be crucial. Locomotor capacity
ndicates the muscle degradation rate and is used as a healthspan
arameter in C. elegans (Rollins et al. 2017 ; Loo et al. 2023 ). Our re-
ults suggest that MH-1 and HK-MH-1 prolong not only the lifes-
an but also the healthspan. In addition to MH-1, Clostridium bu-
yricum MIYAIRI 588 and Lactococcus kimchii NBRC113348 extend
he lifespan and healthspan of C. elegans (Kato et al. 2018 ; Takeuchi
t al. 2024 ). In contrast, Lactococcus lactis subsp. lactis did not extend
he lifespan of the nematodes but only extended their healthspan
Ali et al. 2023 ), suggesting that an increased healthspan does not
ecessaril y corr elate with an incr eased lifespan. 

Pr obiotics ar e living micr oor ganisms that confer health bene-
ts to the host when administered in adequate amounts (Sanders
008 ). We found that MH-1 did not necessarily have to be viable
o extend the lifespan and healthspan of worms. Levilactobacillus
revis strain MKAK9 also exerted longevity effects on C. elegans ,
egardless of whether they were alive or dead (Kumar et al. 2024 ).

https://academic.oup.com/bbb/article-lookup/doi/10.1093/bbb/zbaf065#supplementary-data


Probiotic effects of L. brownii MH-1 on C. elegans | 9 

Figure 6. Significant expression of genes regulated by MH-1 feeding in C. elegans . (a) Heat map of gene expression for worms fed OP and OP + MH-1, 
with fold change > 2 and < −2 and FDR P -value < .05. (b) The top-level gene ontology (GO) terms for biological processes that were significantly 
enriched in genes upregulated by OP + MH-1 feeding. (c) Expression of genes related to GO terms quantified using real-time polymerase chain reaction 
(PCR). Relative mRNA levels (normalized to cyc-1 , tba-1 , and act-1 ) in the worms fed OP + MH-1 compared with those fed OP alone (control). Values are 
presented as individual plots and means ± SEM of 3 independent experiments. Statistical analysis was performed using an unpaired 2-tailed t -test. 
∗∗P < .01; ∗P < .05. 
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d ditionally, the stud y above revealed that the cell wall and its as-
ociated exopol ysacc haride components of the heat-killed L. bre-
is strain MKAK9 significantly increased worm longevity (Kumar
t al. 2024 ). In contr ast, lipoteic hoic acid purified fr om Bifidobac-
erium animalis subsp. lactis BPL1 prolongs longevity in C. elegans
Balaguer et al. 2023 ). For MH-1, it is possible that the effect of
ongevity on C. elegans was caused by its bacterial components;
o w e v er, this could not be determined in this study and further
 esearc h is needed. 

Dietary restriction extends the lifespan of se v er al or ganisms,
ncluding C. elegans (Fontana, Partridge and Longo 2010 ). The body
nd brood sizes of worms decrease when dietary restriction oc-
urs (Tain et al. 2008 ; Bar et al. 2016 ). We detected FITC-labeled MH-
 in the intestines of worms, indicating that the worms ingested
H-1 as food. The body size of worms fed with MH-1 did not de-

r ease compar ed to that of worms fed with OP, and the br ood size
f worms did not differ between the two groups . T hese results in-
icate that the longevity effects of MH-1 on C. elegans were not due
o dietary restriction. 

Subsequentl y, we inv estigated the effects of MH-1 feeding on
ntestinal barrier function in C. elegans . The intestinal barrier func-
ion of aging worms was not altered by MH-1. The pr otectiv e effect
f lactobacilli against leaky gut has been reported in obesity and
nflammatory conditions (Wang et al. 2020 ; Ondee et al. 2023 ). In
his study, we examined the intestinal barrier function in healthy
orms . T hus , it should be noted that different results may be ob-

ained when worms are infected with pathogenic bacteria or fed
 high-glucose diet that causes obesity. 

Gener all y, excessiv e fat accumulation leads to poor health. The
ifespan, motility, and r epr oductiv e ca pacity of high-fat C. elegans
er e significantl y lower than those of normal nematodes (Yu et al.
024 ). Fat accumulation tended to decrease with Lactobacillus
upplementation (Gu et al. 2022 ; Kumar et al. 2022 ; Bouasker, Nod-
and and Millette 2024 ). Ho w e v er, MH-1 did not alter fat accumula-
ion in C. elegans, suggesting that MH-1 has no fat-reducing effect
n worms. 

Str ess r esistance is closel y corr elated with longe vity in C. ele-
ans (Soo et al. 2023 ). Lactobacillus rhamnosus CNCM I-3690 has been
ound to extend the lifespan and impr ov e the o xidati v e str ess r e-
istance of C. elegans (Grompone et al. 2012 ). Accor dingly, w e in-
estigated whether MH-1 enhances stress resistance in worms.
H-1 incr eased str ess r esistance to o xidati v e str ess . T he oxida-

iv e str ess toler ance induced by MH-1 feeding likely contributed
o extended lifespan. Bacillus subtilis NCBI3610 biofilm enhances
 xidati v e str ess toler ance induced by juglone (Smolentse v a et al.
017 ). When C. elegans are previously exposed to pathogenic
acterial odors, they become toler ant a gainst pathogen infec-
ion by enhancing heat shock factor-1 dependent molecular
 ha per one gene expression (Ooi and Prahlad 2017 ). T herefore ,
iofilms and odorants produced by bacteria may enhance stress
olerance. 

Finally, we identified the genes that wer e upr egulated by MH-
 feeding. Based on the transcriptome analysis, the enriched GO
erms were “lipid catabolic process,” “defense response to other
rganisms,” and “fatty acid metabolic process .” T he enriched GO
erm and real-time PCR analysis indicated that cpt-5 and ech-1.1
n the “lipid catabolic process” and “fatty acid metabolic process”
er e significantl y upr egulated compar ed to the contr ol gr oup. cpt-
 and ech-1.1 encode carnitine palmitoyl tr ansfer ase and enoyl
oA hydr atase, r espectiv el y, that participate in mitochondrial β-
xidation (Ratnappan et al. 2014 ). Mitochondrial β-oxidation fa-
ilitates the degradation of stored fat for energy production. As-
irin increases the expression of cpt-5 and reduces fat storage
n C . elegans (Huang et al. 2017 ). CEBP-2 inactivation leads to
ow-fat content in C. elegans , and cebp-2 suppresses the expres-
ion of ech-1.1 (Xu et al. 2015 ). Incr eased expr ession of these two
enes was inferred to cause fat loss in C. elegans ; ho w e v er, MH-
 did not affect fat accumulation. It is possible that these two
enes alone are not sufficient for fat loss and that a balance with
ther genes is in volved. T he C32H11.4 gene involved in defense
 esponses was upr egulated in C. elegans fed with MH-1. This gene
s thought to have CUB-like domains; ho w e v er, its functions in C.
legans are largely unknown (Alper et al. 2007 ; Oliveira et al. 2009 ).
32H11.4 is r egulated downstr eam of SKN-1, a transcription factor
hat acts in multiple lifespan pathways (Oliv eir a et al. 2009 ). Fur-
hermore, RNAi of C32H11.4 reduced o xidati ve stress resistance
Oliv eir a et al. 2009 ). RN A-seq analysis sho w ed that MH-1 feed-
ng increased the expression of genes encoding a glutathione S-
r ansfer ase ( gst-14 ), whic h is involv ed in the pr otection a gainst ox-
dativ e str ess via SKN-1 (Park, Tedesco and Johnson 2009 ). Oxida-
iv e str ess toler ance conferr ed by MH-1 feeding likel y contributes
o the lifespan extension. In this study, it was not possible to deter-

ine the host biological pathways that are required for the MH-
-induced healthspan extension of C. elegans . Ne v ertheless, the
ndings of this study pave the way for the use of L. brownii as a
robiotic. 

Many gene expression mechanisms, one of which is the
nsulin/IGF-1 signaling (IIS) pathwa y, ha v e been r eported to ex-
end the lifespan of C. elegans (Roselli et al. 2019 ). Bacteria in-
olved in the IIS pathway and prolonging nematode lifespan, in-
luding Bacillus subtilis biofilms via daf-2 / daf-16 (Donato et al. 2017 ),
lostridium butyricum MIYAIRI 588 via daf-16 (Kato et al. 2018 ), and
actococcus kimchii NBRC113348 via daf-2 and ins-20 (insulin-like
e ptide) (Tak euc hi et al. 2024 ), hav e been r eported. Man y genes di-
 ectl y r egulated by daf-2 ar e associated with C. elegans longe vity
Murphy et al. 2003 ), and one of these genes, fat-7 , contributed to
he gene upregulation in C. elegans fed MH-1. These results suggest
hat the longevity effect of MH-1 on C. elegans may be partially

ediated by the IIS pathway, and further studies using loss-of-
unction mutants are needed. 

In conclusion, we demonstrated that L. brownii strain MH-1 and
eat-killed MH-1 extended the lifespan and reduced the motility
ecline in a C. elegans model for the first time. MH-1 did not alter
he integrity of the intestinal barrier function and the fat accumu-
ation with age. In contrast, MH-1 conferred resistance to o xidati ve
tress in worms. MH-1 is expected to be used as a novel probiotic
train. 

upplementary material 
upplementary material is available at Bioscience, Biotechnology, 
nd Biochemistry online. 
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