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(Deehan et al., Nat Rev Gastroenterol Hepatol, 2024)

« Lifestyle factors
« Dietary intake
+ Decreased fibre intake

The gut microbiota maintains host health by producing various metabolites. During obesity, the diversity of the gut
microbiota decreases and beneficial bacteria are reduced, leading to insufficient production of related metabolites, which results in
impaired intestinal barrier function and exacerbated inflammation, further promoting the progression of obesity. Dietary strategies
such as dietary fiber can restore a healthy microbiota and the production of beneficial metabolites, thereby ameliorating obesity.
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® Metagenomic and clinical data verified E. faecium as an anti-obesity gut bacterium.
® [. faecium alleviated obesity via leucine conversion to leucic acid (LEA).
® [LEA modulated mitochondrial oxidative phosphorylation against obesity.

® Glucomannan inhibited obesity by enriching E. faecium for microbiota intervention.
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Result

@ E. faecium was the candidate strain of dietary fiber for obesity prevention

E. faecium was screened from two cohort datasets
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Figure 1. Screening of candidate strains for obesity prevention with dietary fiber.



@ E. faecium alleviated the pathological phenotypes of high fat diet (HFD)-induced obesity
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Figure 2. Human-derived and mouse-derived E. faecium improved HFD-induced obesity in mice.



Result
. faecium alleviated the pathological phenotypes of high fat diet (HFD)-induced obesity
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Figure 3. E. faecium regulated hepatic proteomics in HFD-induced obese mice.



o Result

€ LEA was identified as a functional candidate produced by E. faecium

(A) (C) Shabiuf Q) e (H) g2 & faeciumin basic media (1)
_ rebp e : 2 .
Step 1 Step 2 Step 3 % 4 3.5 1.0- E. faecium in nutrient media ‘E’ 120
i 3kD @%2\ PN < 3 *k O =
\ i 7 ) ) (78%) 3.0- 131.0716 2
“ \’. > \o's/ e Z o) 8%3 ?; # 25 85.0661 o 0.8+ 2% :
@ i <3kD >3 kD € 8 %o . 5 i 0 1 2 3 4 5
» e ‘/@ <3 kD (_% ‘,w g 1 @y b& 2.0- Y\ﬁ‘\OH 0.6 = 60 ‘ Fold change (6 h/0 h)
E. f Anaerobic 4 &\ ® . = e
aecum BHI media  condition \ AML12 cell &0 T - — ‘ 1.5 H 0.4 QC) E. faecium in basic media
Ctrl PA >3kD<3kD 1.0 8 30 / E. faecium in nutrient media
(B) Ctrl T 8. Secd1 1L 0.2 S ¥ é
-, - ool —(p— b 0.0 0 4 8 12 16 20 24
B . T T .
: o 60 70 80 90 100 110 120 130 oo g (min) Time (h)
L 4] i , miz
25 Sog B m E. faecium in basic media Validation cohort
© . Ry 26 ﬁ (J) 0} (K) [ E. faecium in nutrient media (L)
¢ 04— — " : Branched-chain amino
Ctrl PA >3kD<3kD H . L-Leucine iIVE (x10°) ® 600+ acid transport system
(D) Scores Plot (E) Cautic s (F) oA NH, L4 é
ol ® " - s : Valine, leucine, and Microbial hoat Branched-chain amino 0.9 2
J i - : 2 N : J
® 40 ) \ 1.14 'S_Oleuc'ne degradation isozyme 6.142| . i aminotransferase = @ 0.6 é 0
3 204 = @ Glutathione . 2
N @ 0 —~ 1.04 metabolism 4 0 200
= Q
N0 - g - © Phenylalanine metabolism O 4-Methyl-2-oxopentanoate (x10°) ®
5 S . B AT 2 0.940 Fructose and mannose BCKDHA 4o 8
S -20+ o ® ~ °e i metabolism ; . N == . 0
e D _5 o ] Bacterial - 2-oxoisovalerate - Health Tt
§_40_ 5 (,)‘gzg.gqulgsgll;:fg::g;ozgoup = ® 08 enzyme 1244 dehydrogenase subunit 3.0 Balthy Obssity
o » E. faecium in basic media_ S Log, FC 0.74 O Porphyrin metabolism % 2.0 Branched-chain amino
60+ * E: faecium in nutrient media - . . ' —e —_— 4 & acid aminotransferase
20 20 6 20 0 50 100 150 200 000 002 004 006 (Ao g 6007 -
Component 1 (40.2%) Identifier Pathway Impact S 550 1 [
Microbial-host (| - Dinydrolipoyl DLD (x109 5 [] 9
isozyme > 1:8.14 | gehydrogenase ’ % 2.0 & 500 S I\~)-‘
o PR 1
OH . 2-Hydroxyisocaproic acid 1.0 Q e
H (Leucic acid) 8

Healthy Obesity

Figure 4. Identification of leucic acid (LEA) as a key bioactive metabolite produced by Enterococcus faecium.
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Figure 5. LEA alleviated obesity and activated oxidative phosphorylation in liver tissues.
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€ LEA alleviated PA-induced lipid metabolism disorder in AML12 cells by improving

mitochondrial oxidative phosphorylation

A B C E
(A) MTT (8) ©) Scd1 )
120 < 40 56 $2.0
B ° 53 30 = xE T 5
s % g5 24 T 2
= £ 20 1
e 2 FrY o
3 Q3 = 2 2 0.
3 - [H] 2.1 ﬁ ﬁ [ 3
(I r r r E 0+ o x 0.0
0 25 50 100 PA— + PA- + + + 4 PA- + + + 4 PA- + + + 4
_ LEA- - 25 50 100 LEA- - 25 50 100 LEA- - 25 50 100 LEA- - 25 50 100
LEA (uM)
(F) LEA standard (G) 2917 cm™ LEA (H) ATP (I) Mitochondrial complex |
2000 0.4 >
s ég
21500 £§7 0 8 3
o 5‘\2 029151 5£10
@) g ]
81000+ £20.1 rg‘lﬁ EE 5
o o
0.0+ ° 0
500+ PA- + PA- + + + 4
0 1000 20003000 4000 LEA- - 25 50 100 LEA- - 25 50 100
rel. 1/cm

PA+LEA (100 pM) | PA+LEA (50 uM) |

Ctrl

(K) . (L)
Lipid Droplets Mito-Tracker JC-1
Merge Hoechst Deep Red Merge " Ctrl . P,
10'A a1 Q2 "Far Q2
0.031 81.9 0,021 50.6
> 3=§ B i § 3 o
% § 10 b § 10'4 ?‘:}
4 @ 2 fy
. 8| 7 B 8| 3 3;
p B[ 103 3103 #
- ol A4 Q3| & Q4 Q3
) Y63 S| oz 8| S| Yooz 494
R* =g L I e e e R R Rl R B B B B
L 10° 10° 10* 10° 10° 10
& C JC-1 green fluorescence JC-1 green fluorescence
PA+LEA (25 yM) PA+LEA (50 uM)
103 Q1 Q2 13a1
< 0 64.2 0 67 9
L 3
— 8 3 Vit 8 1
s 8 1o @tf**‘ 8104 %’W
S g 3 = 8|3 —
o
é B 10 3|10
b X Q4 Q3| T Q4 Q3
g 9| Joor 37| S| Jooto 319
10 L I B A B B | 16 L I B [k B AL L |
o 10° 10° 10° 10 10*
JC-1 green fluorescence JC-1 green fluorescence
PA+LEA 5 Aggregate/Monomer
1"AFa1
gl A 0.022 4
e
gl o3 g
o =
& © i
;:’, E 2 ##
8 104-! 4 *k
ol A4 Q3
= 0.055 29.1
[ A M——
10° 100 PA - + o+ + +
....... JC-1 green fluorescence LEA - - 25 50 100

Figure 6. LEA ameliorated palmitic acid (PA)-induced lipid metabolism disorder and mitochondrial dysfunction in
AML12 hepatocytes.



o Result

€ High-content screening for selecting dietary fiber for enriching E. faecium
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Figure 7. High-content screening system identified the optimal dietary fiber for enriching mouse-derived E. faecium.



Summary

U In this study, we identified a gut bacterial strain with anti-obesity potential, E. faecium, through
fecal metagenomic data mining combined with clinical cohort validation, and animal experiments
demonstrated that colonization with E. faecium alleviated HFD-induced obesity.

L Mechanistically, E. faecium utilizes putative BCAAs metabolic enzymes to convert leucine into
LEA, and exogenous LEA supplementation also regulated mitochondrial oxidative
phosphorylation and improved energy metabolism.

O Furthermore, using high-content screening in conjunction with an in vitro fermentation model,
this study found that the dietary fiber GM effectively enriched E. faecium, thereby exerting anti-
obesity effects.
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