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Bifidobacterium and human health

Mitsuoka T, 1978 Odamaki T et aI BMC Microbiology, 2016
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Bifidobacterial species and their residences M
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More than 90 species/subspecies of Bifidobacterium have been discovered

( httn:/hananar hacterin nat/)
i
"i

B. longum subsp. infantis
B. longum subsp. longum
B. breve

B. bifidum

B. animalis subsp. animalis
B. animalis subsp. lactis
B. thermophilum

B. longum subsp. longum B. pseudolongum non—-HRB
B. adolescentis T
B. pseudocatenulatum HRB: Human-residential bifidobacteria

B. Catenulatum Non-HRB: non-Human-residential bifidobacteria



To answer... S
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1. Whatis the mechanism for the characteristic residence of
Bifidobacterium species?

2. Is there any basic difference between HRB and non-HRB in
relation to health benefits?



To understand the difference of HRB and non-HRB %

A total of 50 genome sequences from NCBI database or Sequenced by MiSeq

HRB

=16 strains of B. longum (2 ssp. infantis, 14 ssp. longum)
=14 strains of B. breve

Non-HRB

=20 strains of B. animalis (5 ssp. animalis, 14 ssp. lactis)

Number of common clusters among 3 bifidobacterial species

B. longum

Common clusters:

B. longum/B. breve: 166
B. longum/B. animalis: 9
B. breve/B. animalis: 4

B anki Odamaki et al., International Journal of Genomics (2015)
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Hierarchical clustering based on the genomic

information.

= B.longum subsp. longum
B. longum subsp. infantis
B. breve
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m B. animalis subsp. animalis
* B. animalis subsp. lactis

*ROK family transcriptional regulator

*N-acetylneuraminate lyase
*Sialidase A, etc.

* N-acetylmannosamine-6-phosphate 2-epimerase

Sialidase related
cluster

* Exo-alpha-sialidase
+alpha-L-fucosidase

«family 1 extracellular solute-binding protein, etc.

} HMO related cluster

~arabinosidase
*alpha-L-arabinofuranosidase A
*xylulose kinase

=extracellular exo-xylanase
*endo-1,4-beta-xylanase D, etc.

Enzymes for plant derived sugar

*GTP cyclohydrolase |
*Dihydroneopterin aldolase
*Dihydropteroate synthase

* L-aspartate oxidase }
=Quinolinate synthetase A, etc.

Folate

-lacto-N-biose phorylase
- UDP-glucose 4-epimerase| cluster
synthesis

Niacin synthesis

:| GNB/LNB

*mannan endo-1,4-beta-mannosidase
=beta-mannosidase etc.

Enzymes for plant derived sugar




Studies on the difference of HRB and non-HRB M

morinaga
S C | E N Tl F | C R E Pg}RTS Breast Milk on the Infant Faecal

Microbiome: Components of

Researeh Avtile ' Genomic diversity and distribution Breast Milk Orchestrating the
Comparative Ger tic Diversity and of Bifidobacterium longum subsp. ESihlshmem of Bifidobacteria
Summary HRB (nfanttype) | Non-HRB —
Growth in breast milk @) X Minami 2015
Utilization of HMOs A~QO X Odamaki 2015, Minami 2015
Tolerance to lysozyme O X Minami 2015, Sakurai 2017
Production of folate O X Odamaki 2015 ,Sugaharai 2015
Degradation of opioid peptides O X Sakurai 2018
Pr ion of tr han
oduct .0 of tryptopna O X Sakurai, 2019
metabolites (ILA)
e v SCIENTIFIC REPLIRTS ||
Degradation of food-derived opioid peptides by bifidobactq ' Neonatal oral fluidasa FERMAGSEFMAGREHTEZ A ERFEER

transmission route for BDE BKE HER
1.4k

bifidobacteria to the infant gut
T. Sakurai!”, A. Yamada?, N. Hashikura!, T. Odamaki! and J.-Z. Xiao! i . |mmed|ately after birth

arye Tode', K Mt Taburm Sutan’ Morks Katmumats’, Toshtata Odaman
U Meroms’, okt Koy’ Tty Eehace, Kaboo Aso’, Tt S’ &
e~




FEMS Microbiology Reviews, fuaa010, 1-17

i doi: 10.1093/femsre/fuaan10
£ i . . 5
OXFORD iy 4 Adv‘ance A.ccess Publication Date: 22 April 2020
; Review article

REVIEW ARTICLE

Insights into the reason of Human-Residential
Bifidobacteria (HRB) being the natural inhabitants of
the human gut and their potential health-promoting
benefits

Chyn Boon Wong, Toshitaka Odamaki and Jin-zhong Xiao*

Next Generation Science Institute, Morinaga Milk Industry Co., Ltd., 5-1-83, Higashihara, Zama, Kanagawa,
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Bifidobacterium and breast milk M
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The abundance of Bifidobacterium is higher in breast-fed infants than formula-fed
infants (Vandenplas, 2002)

Milk oligosaccharides (HMOs) in breast milk are the contributing factors for the
colonization of Bifidobacterium.

Formula-fed Breast-fed

® Actinobacteria
(including Bifidobacterium)
® Firmicutes

" Proteobacteria

(Modified from Lee et al., Nutrition Research and Practice, 2015)



Growth of Bifidobacteria in human breast milk M
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Growth of Bifidobacterium in human breast milk lh)

milk from subject A milk from subject B milk from subject C
95

8.5 8.5

Cell number

(log CFU/mL)
Cell number
(log CFU/mL)

Cell number
(log CFU/mL)

0 e 16N 0 e 16N 0~ e 16N

Infant HRB strains

non-HRB strains (Minami et al., Benef Microbes. 2015)



Growth of Bifidobacterium in medium containing lysozyme M
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B Growth in human breast milk —@- Growth of bifidobacteria in TYP broth
with 50 ug/mLl of lysozyme
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Cell number
(log CFU/mL)

6

= O & = M~ ®© I~ = © o ©~ o O O ©® ~ © O ®© 0 ™ 10 =
S ~ b o & ¥ &N o N4 o ~ S F o 6O & ®© N O 1B o © o
N~ N [e o] © < < 0 «© [{e] N~ o] -~ ~— 0 w <t < 0 0 [o o] w0 < o
[Te) ~— ~— 0 -~ ~— (o)) n ~— [Te) -~ o o N~ 0 o ~— 0 v~ ~— 0 ~— N~
- 0O O = O O &N = O = 10 - = & a4 O O &N O O O o =
5¢8¢g 388835 3¢g38¢egg85¢g8ggg¢gggégs
= = = — = = — — = = — K 177} = — = = — = = e =
= = < <= < <= A =< = < =
B. breve B. infantis B. bifidum B.longum B. lactis B. animalis B. pseudo-  B. thermo-

longum philus

Minami et al. Ben. Microbes, 2015



Different metabolisms of HRB and non-HRB
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Microbial tryptophan catabolites Y
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— /\ : Dietary proteins
ﬁoq § Roager et al., 2018 @ } .

REVIEW ARTICLE \ o

Microbial tryptophan catabolites in health / \

and disease / \ ‘\\
Microbial tryptophan catabolites in the gut are suggested QS" 0 o

to activate the immune system through binding to the S ° o
aryl hydrocarbon receptor (AHR), enhance the intestinal ” | ” o
epithelial barrier, stimulate gastrointestinal motility, as  |ndole-3-lactic acid e mwn

well as secretion of gut hormones, exert anti- (ILA) T TATIIITT
inflammatory, antioxidative or toxic effects in systemic e R i
circulation, and putatively modulate gut microbial /k - R
composition. Tryptophan catabolites thus affect various | LEmmm s

Anti-inflammatory

physiological processes and may contribute to intestinal
and systemic homeostasis in health and disease.




Difference in the metabolite profiles between HRB and non-HRB M
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HPLC profile of media before and after cultivation with HRB/non-HRB
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HPLA
Aryllactic acids (ALAS) derlved from aromatic amino acids
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Production of ILA by Bifidobacteria -
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BASIC SCIENCE ARTICLE ‘ Breastmilk-promoted bifidobacteria produce aromatic
Indole-3-lactic acid, a metabolite of tryptophan, secreted . s .
by Bifidobacterium longum subspecies infantis 1s lactic acids in the infant gut
anti-inflammatory in the immature intestine
o ')f,f:,?‘\;vgi‘jw Somrrella’, Emanuela Salviatf*>, Pletra Camplgla™, Krston Ganguil', Kadm Djebalf', Weishu Zhu' and Martin F. Laursen'”, Mikiyasu Sakanaka'~, Nicole von Burg®, Daniel Andersen®, Urs Morbe?,

Aymeric Rivollier®, Ceyda T. Pekmez®, Tanne Marie Moll*, Kim F. Michaelsen®, Christian

Pediatric ReS, publ ished online 16 Jan’ 2020 Melgaard®, Mads Vendelbo Lind®, Lars O. Dragsted®, Takane Katayama®S, Henrik L. Frandsen',

Anne Marie Vinggaard!, Martin I Bahl', Susanne Brix*, William Agace®, Tine R. Licht!" and
Henrik M. Roager‘j-‘**

bioRxiv preprint first posted online Jan. 23, 2020;
Article

Potential Effects of Indole-3-Lactic Acid, a Metabolite

of Human Bifidobacteria, on NGF-induced Neurite
Cell

Chyn Boon Wong, Azusa Tanaka, Tetsuya Kuhara and Jin-zhong Xiao *

Next Generation Science Institute, Morinaga Milk Industry Co., Ltd., Zama 252-8583, Japan;

Outgrowth in PC12 Cells
Bifidobacteria-mediated immune system imprinting
Microorganisms, published: 12 March 2020 | €arly in life

Henrick et al., 2021, Cell 184, 1-15. July 22, 2021
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Role of ALAS In infant health M
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Infant-type HRB Human (Infant)

Bonds between
human and HRB

Metabolites Receptors
(ALAs, etc) (AhR, HCAS3, etc)



Summary (1) The difference of HRB and non-HRB M
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Human and animals have different Bifidobacterium species (HRB vs non-HRB).

HRB(infant-type)

Growth in breast milk O
Utilization of HMOs A~O
Tolerance to lysozyme

Considering the high prevalence
and abundance of
Bifidobacterium in infant gut, the
health benefits of HRB to host
may be beyond our expectation!

Production of folate
Degradation of opioid peptides

X X X X X X

CHONON®)

Production of tryptophan metabolites (ILA)

Which probiotics should we choose for human,
In particular for infant ? ? ?

Whisper of
breast milk

Lactobacilli
Others ??

Non-HRB
?7?

\

HRB for infant, the law of nature 1 o
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2. Topics of the potential health-promoting effects of HRB
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Probiotic Bifidobacterium strains in Morinaga -
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B longum BB536

A strain for promoting GIT
health, immunity

B infantis M-63

A strain with high ability
for utilizing HMOs

B breve M- 16V

(‘ 7/ ,

A strain for infant health

B breve MCC12174

A strain with anti-inflammatory effects
(preventing dementia)



Age-related change of gut microbiota composition M

Relative abundance (%)
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Chuaetal., JPGN (2017)
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rRNA copy number/g feces)
w S (&} o ~ [+-] ©
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Odamaki et al., BMC Microbiol. 2016



Potentials of improving gut microbiota and health growth
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Administration of M-16V to preterm infants

Frequency of occurrence of

bifidobacteria (%)

100

N B O ®
© o ©o ©o o

= Not administration m M-16V administration
(0.5 - 1 billion/day /baby)

e
g

1 week
after birth

2 weeks
after birth

4 weeks
after birth

Ishizeki et al., Anaerobe (2013)

Infection rate Days to reach 100 ml/d of enteral feedings

40% 20
30% 15
20% 10
10% 5
0,
0% M-16V Control 0 M-16V Control

Weight at the time of expected delivery  Days of hospital stay

92500 105
100
a 2300 95
= 2100 90
85 (n = 190)
1900 80

M-16V Control Control

M-16V
(Satoh, Acta Neotalogica Japonica 2003)

24



Effects of supplemented Bifidobacterium breve M-16V on %
the gut microbiota and their persistence post
administration in preterm infants

1-7 months
)
Control group f \
(Urayasu hospital) | Non probiotic administration, n=10 1-2 months >
M-16V group M-16V administration daily, n=12 1-2 months > ...........
(Tokyo hospital) P
Birth Leaving | Fecal |
GA: 25-37 weeks hospital % sampling /

Body weight: <1500 g




Gut microbiota profile I
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PCoA Proportion of bacteria at phylum level
Unweighted UniFrac_PCoA Weighted UniFrac_PCoA
.. "] ° © Control Control by oteobacteria M-16V
8 019 PRGN o4 | fe)
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04 §3 g2 01 0 01 02 03 04 o 0”0‘.70, 190 o o 0 o B Actinobacteria
: 'D'é L4 . * H Firmicutes
02 . . B Proteobacteria
o o ° B Bacteroidetes
PCL:19.77% PC1:73.54% T
0.4 03 B Elusimicrobia

W Tenericutes

= Verrucomicrobia

ctinobac

M-16V administration to preterm

infants led to the formation of a Meden (Mo
. - . . M-16V  Control | Whitney-U)
Bifidobacterium-predominant T oor oo o
microbiota, beyond 1-2 months post- Bectorodtes 0ov  om | o
administration. Fimioutes oox | aiow De2
Protec:'obacteria 3.0;%: 22.70% 0.000
Horigome et al. Front. Microbiol., 2021 Vermaomistabi 0os | o0x 0455



Cell numbers of Bifidobacterium at species level by gPCR M
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Bifidobacteria

All Bifidobacterium Bbreve. B. lerigiim-group B. lerigum subsp. oM-16V
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M-16V persistently colonized most of the infants beyond 1-2 months post-
administration, and enhanced colonization of other Bifidobacterium species
was observed.
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Brain-Gut Interaction (microbiota-Gut-Brain Axis) -
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The brain and gut axis is a bilateral
interaction between the brain and the

gut. BEAL Exploring probiotics for preventing

cognitive impairment in Alzheimer’s
disease

J
Bifidobacterium breve MCC1274

(synonym, B. breve Al)

A strain originated from the gut of an infant

MICROBIOTA
Adapted from Illawarra Athletic Health Hack



Previous studies M
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Pre-clinical study A1 normalized the hippocampal ~ Pilot clinical study
gene expressions related to

q Aot B et flammatory reaction induced by~ * An open-label, single-arm study
Sample oral AB iniecti
B injection.

administration
(3 days before Ap
injection)

» 24-week supplementation of B. breve
MCC1274 in elderly people with
Mild Cognition Impairment (MCI).

Alzheimer’s disease (AD) model mice.

pajesado-weys
ourfes + gv

IV +9v

Spatial cognitive function MMSE score
75

30
#H

H
70 1 ‘ ’ 1 1
65 *x
60

55

Alternative rate (%)

50

45

baseline 8w 16w 24w

ApB injection Donepezil:
Alzheimer's medicine

: : Kobayashi et al., JPAD (2018)
Kobayashi et al. Sci. Rep (2017)
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Effect to human, RCT M
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1% screening

‘ DeSIQn Assessed for eligibility
randomized, double-blind, placebo- (@=315)
COntI’0| Ied trlal > ]-Exgg?fr?e(er‘zi;lgogclusion criteria (n=96)
‘ SUbjeCtS + Declined to participate (n=12)
80 healthy older adults suffering from A all Zc;eel:-h-fny
ssessed for eligibili
MCI (n=207) Excluded (n.:12.7’) . .
€ Intervention: : gﬁﬁﬁiﬁtﬁgﬁﬁ;ﬁ"&gﬁ‘) b
probiotic (B. breve MCC1274, 2% 101 | RbANS o s
CFU) or placebo for 16 weeks. | Ra“d‘)m‘“f“ oo |
€ Evaluation: [ ]
° i . Allocated to probiotic grou llocated to placebo grou;
Prl mary OUtcome - (n=40, l{JfHQ, F21)gr ' A (nt=40t, 1\?}20, F20%r g
RBANS (the Repeatable Battery T T——— + Declned paricpaion (0
for the Assessment Of —t « Discontinued (n=0) . D1scont1nued.ow.1ng to unrelated
. » Failed to follow-up (n=0) health complication (n=1)
Neuropsychological Status) *_Failed to follow-up (n=0)
° Second outcome: Analyzed in( irltjél)tion-to-neat Analyzed in( irit:(r)l)tion-to-neat
the Japanese version of the MCI ( Analyzed in pe protocl Analyzed( in pe;—protocol
n=39, excluded n=1 owing to use n=40
Screen (J MC I S) of prohibited medicati%)n)

Xiao et al., J. Alzheimer’s Disease (2020)



Results: Changes of RBANS Scores(Primary Endpoint)M

morinaga
: Visuospatial/
Total score Immediate memory pat —e— B.breve MCC1274
" o constructional
wo  P<0.0001 _ sa0  P<0.0001 eex a  P<0.0001 e —o— Placebo
e 0 40 The Japanese version of RBANS test. It
100 o R0 ns s ns includes 12 standard cognitive subtests
350 3.0 grouped in five domains:
300 30.0 v * Immediate memory (list learning and
250 25.0 25 story memory)
00 20.0 20  Visuospatial/constructional (figure copy
and line orientation)
Language Attention Delayed memory ) hﬁre‘?]g%’e (B I Elel SENEIE
” P=0.064 h P=0.74 " P<0.0001  Attention (digit span and digit symbol
55 55 - el coding)
* ** 40 * Delayed memory (list recall, list
" ns w *k recognition, story recall, and figure
* recall).
30
a5 a5

25

. .. . . L. . . L P value: Inter-group difference by ANCOVA,
Significant improvement in cognitive function in the probiotic ~ *P<0.05, **P<0.01, *** P<0.001, intra-group

difference, paired t-test

group compared to the placebo group. P values, inter-group difference, ANCOVA



Summary (2) topics of clinical effects M
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Clinical studies showed the effects of HRB strain in

« Promoting the formation of health gut microbiota in preterm infants
by B. breve M-16V.

« Improving cognitive function of elderly with MCI by B. breve
MCC1274.

These data suggest the potential health-promoting benefits of the specific

Bifidobacterium strains to host.
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