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Bifidobacterium animalis subsp. lactis LPL-RH suppresses femoral calcium loss in ovariectomised rat models
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Supplementary Materials and Methods
Ovariectomy procedure for animal model
For OVX rat models accepted bilateral ovariectomy (n = 36, group OVX + Veh., OVX + LPL-RH, OVX + Calcium, and OVX + Combination), induction of anaesthesia was applied by inhaling proper amount of isoflurane gas. Then, the rats were placed on the operation table in the prone position and the limbs of the rats were abducted and fixed. The abdominal skin was exposed and sterilised with 75% ethanol. Next, cut the skin of the operation area at 1 cm inferior to bilateral ribs and 1 cm lateral to the spine, the incision length should be about 1.5 cm. The subcutaneous tissue and deep fascia were cut vertically, the muscles on both sides of the spine were bluntly separated and properly retracted, and the retroperitoneal adipose tissue was then visible. Both ovaries were removed followed by careful haemostasis and suture. For rats accepted sham operation (n = 9, group Sham + Veh.), after removing slight fat tissue in the vicinity of the ovary, the incision was sutured.

“Swiss-roll” embedding of ileal tissue
The ileal “Swiss roll” is used for immunohistochemistry of Foxp3, and immunofluorescence of IL-17A or co-localisation of CD4+IL-17A+ cells in this study. Briefly, the ileum was incised into 5 cm long proximately, then the inclusion was cleansed with phosphate-buffered saline (PBS) lavage. Next, the small intestine was cut vertically, rolled, and kept in place with a pin. The following steps for histopathology remained using conventional protocol [1].

Calculation of epithelial parameters in ileum
To evaluate the morphology of the ileal villi, the length of the villi and the depth of the crypt are measured by a designated pathologist from H&E staining. Briefly, the linear distance is measured using scale bar as control. Instead of measuring the entire epithelium, the epithelial thickness for one villus is defined as the sum of the length of the villus and the depth of the corresponding crypt. The V/C ratio is defined as the ratio of the length of the villus (V) to the depth of the corresponding crypt (C).

Calculation of the glutathione derivatives in the ileum
The glutathione includes the reduced form GSH and the oxidated form GSSG, which are measured respectively using the colourimetric method [2]. The total glutathione (tGSH) is defined as the sum of GSH and GSSH.

Diversity analysis and functional prediction of the faecal microbiome
The α diversity indices (Chao1, Shannon, Simpson, Faith_pd, Goods_coverage, Pielou_e, and Observed_species), β diversity (PCoA, NMDS, and hierarchical clustering analysis), species difference and marker species (ASV/OTU Venn diagram, species composition heat map, PCA, and LEfSe) were analysed. For β diversity analyses, Bray-Curtis are used as distance algorithm, taking elliptic confidence at 95%, and clustering averagely.
The microbiological properties including oxygen requirement, Gram positivity/negativity, mobile elements, biofilm formation, potential pathogenicity, and stress tolerance of the microorganism in the faeces of the experimental animal were predicted using BugBase (https://bugbase.cs.umn.edu/).

Flow cytometry
[bookmark: _Hlk115824568]Fluorescence-activated cell sorting (FACS) was used to evaluate the frequency (%) of TH17 cells (CD4+IL-17A+ cells) and Treg cells (CD4+CD25+Foxp3+ cells) in the bone marrow of femur. Cells were stimulated at 37 ℃ cell culture incubator containing 5% CO2 for 6 hours with DMEM 1640 cell culture medium containing 10% foetal bovine serum (FBS) and cell stimulate cocktail (eBioscience, 00-4975-93). The cell suspension was then stained with fluorescein isothiocyanate (FITC)-conjugated anti-CD4 antibody and allophycocyanin (APC)-conjugated anti-CD25 antibody to detect surface markers. After membrane fixation and rupture using FIX & PERM kit (Thermo Fisher, GAS003), cells were intracellularly stained with phycoerythrin (PE)-conjugated anti-IL-17A antibody and PE-conjugated anti-Forkhead/winged helix transcriptional factor P3 (Foxp3) antibody. Cells were detected using a flow cytometer (Beckman, CytoFLEX S).

Preparation of protein sample for Western blotting
Bone tissue was smashed after liquid nitrogen freezing. Take an appropriate amount of smashed femoral or intestinal tissue into the centrifuge tube and add an appropriate amount of protease inhibitor cocktail, phosphatase inhibitor cocktail, and RIPA lysis buffer (Solarbio, R0010). After tissue homogenisation on ice, the supernatant was collected by centrifugation at 12,000 g at 4℃ for 10 min. Then the protein concentration was measured by BCA kit and diluted to the same concentration. Protein samples were shortly stored at -80℃ or in liquid nitrogen for prolonged storage.

Data analysis
For correlation analysis, the normality of paired data was tested by Shapiro-Wilk test, the simple linear regression with 95% confidence intervals and Pearson or Spearman correlation analysis were used to evaluate statistical significance.


Supplementary Information S1
	Target
	Provider
	Catalogue
	Dilution/Dosage
	Purpose

	BMP2
	Bioss
	bsm-0514
	1:2,000
	WB

	OPG
	Bioss
	bs-20625R
	1:1,000
	WB

	RANKL
	Proteintech
	66610-1-Ig
	1:2,000
	WB

	TRAF6
	Abcam
	[bookmark: OLE_LINK3]ab40675
	1:5,000
	WB

	RelA
	Cell Signaling Technology
	8242S
	1:1,000
	WB

	phospho-RelA
	Cell Signaling Technology
	3033S
	1:1,000
	WB

	NFATc1
	Bioss
	bs-1417R
	1:1,000
	WB

	[bookmark: _Hlk136445224]TRAP
	Abcam
	ab191406
	1:10,000
	WB

	TLR4
	Proteintech
	66350-1-Ig
	1:5,000
	WB

	MyD88
	Cell Signaling Technology
	4283S
	1:1,000
	WB

	ZO-1
	Proteintech
	21773-1-AP
	1:10,000
	WB

	Occludin
	Proteintech
	27260-1-AP
	1:10,000
	WB

	Claudin 2
	ABclonal
	A14085
	1:2,000
	WB

	Claudin 12
	Bioss
	bs-13754R
	1:2,000
	WB

	Claudin 15
	Bioss
	bs-13753R
	1:2,000
	WB

	β-actin
	Proteintech
	66009-1-Ig
	1:50,000
	WB

	Rabbit IgGHPR
	Proteintech
	SA00001-2
	1:5,000 or 100
	WB and IHC

	Mouse IgGHPR
	Proteintech
	SA00001-1
	1:5,000 or 100
	WB and IHC

	IL-17A
	Bioss
	bs-1183R
	1:100
	IHC and IF

	Foxp3
	BioLegend
	126406
	1:100
	IHC

	OCN
	Servicebio
	GB11233-100
	1:100
	IHC

	CD4FITC
	eBioscience
	11-0040-82
	0.5 μL/test or 1:100
	FACS and IF

	CD25APC
	BioLegend
	101909
	0.5 μL/test
	FACS

	IL-17APE
	eBioscience
	12-7177-81
	0.5 μL/test or 1:100
	FACS and IF

	Foxp3PE
	4A Biotech
	FMPFOX-01
	10 μL/test
	FACS


Supplementary Information S1 WB: Western blotting; IHC: Immunohistochemistry; IF: Immunofluorescence; FACS: Fluorescence activated cell sorting

Supplementary Information S2
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Supplementary Information S2. A-B. A. Representative immunohistochemical image (A) and quantitative analysis (B) of femoral of OCN+ osteoblast in the femur (n = 3, 5 HPF areas in each sample were randomly selected for cell counting). C-D. Quantitative analysis of femoral OPG (C) and RANKL (D) (n = 5). E. Representative Western blotting image of BMP2 and β-actin in the femur. F. Quantitative analysis of femoral BMP2 (n = 5). Statistical significances are analysed by one-way ANOVA followed by Tukey’s multiple comparison tests (C, D, and F) or Kruskal-Wallis test followed by Dunn’s multiple comparison tests (B). *: p < 0.05; ***: p < 0.001; ****: p < 0.0001; ns: no significance.



Supplementary Information S3
[image: ]
Supplementary Information S3. A-B. Representative FACS plots of IL-17A+ (A) and CD25+Foxp3+ (B) cells in the CD4+ T cell subset in the bone marrow. C. Quantitative analysis of bone marrow CD4+IL-17A+ and CD4+CD25+Foxp3+ cell in the lymphocyte subset (n = 3). D. Representative immunofluorescent image of CD4 (FITC labelled, green) and IL-17A (PE labelled, red) in ileum, 400 × magnification (Scale bar = 50 μm). E. Quantitative analysis of IL-17A fluorescent intensity in ileum (n = 3) F. Representative immunohistochemistry image of Foxp3 in ileum, 200 × magnification in upper lane (Scale bar = 100 μm) and 400 × magnification in lower lane (Scale bar = 20 μm). D. Quantitative analysis of ileal Foxp3+ cells per HPF. Statistical significances are analysed by two-way ANOVA (C) or two-tailed Welch’s t-test (E and G). *: p < 0.05 and ns: no significance.



Supplementary Information S4
[image: ]
Supplementary Information S4. A-C. Respective level of GSH (A), GSSG (B), and total GSH (tGSH) (C) in ileum. Statistical significances are analysed by one-way ANOVA tests followed by Tukey’s multiple comparison tests. *: p < 0.05, **: p < 0.01, ***: p < 0.001, and: ****: p < 0.0001.
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[bookmark: OLE_LINK1][bookmark: OLE_LINK4][bookmark: OLE_LINK2][bookmark: _Hlk131605883]Supplementary Information S5. A-B. The bacterial composition of the faecal microbiome at family (A) and genus (B) levels, shows the top 10 abundant taxa. C. Statistical analysis of faecal α diversity indices, including Chao 1, Faith_pd, Goods_coverage, Shannon, Simpson, Pielou_e, and Observed_species. D-F. 3D distance matrices of PCA (D), PCoA (E), and NMDS (F) analysis. G-L. Functional prediction of microbial composition about oxygen reliance (G), Gram positivity/negativity (H), contains mobile elements (I), forms biofilm (J), potentially pathogenic (K), and stress-tolerant (L) using BugBase. Statistical significances are analysed by Kruskal-Wallis test followed by Dunn’s multiple comparison tests (C) or Pairwise Mann-Whitney-Wilcoxon tests (I-L). no *: no significance and *: p < 0.05.



Supplementary Information S6
[image: ]
Supplementary Information S6. Correlation analysis between the relative abundance of S24-7, Prevotella, or Bacteroides and serum LPS or IL-17A level among experimental animals. A-B. Correlation analysis of the relative abundance of S24-7 in faces and serum LPS (A) level or IL-17A (B). C-D. Correlation analysis of the relative abundance of Prevotella in faces and serum LPS (C) level or IL-17A (D). E-F. Correlation analysis of the relative abundance of Bacteriodes in faces and serum LPS (D) level or IL-17A (E). The correlation is determined by simple linear regression, the dotted line represents 95% of confidence intervals, and two-tailed P value and r value are calculated.



Supplementary References
1.	Pereira E Silva A, Lourenço AL, Marmello BO, Bitteti M, Teixeira GAPB (2019) Comparison of two techniques for a comprehensive gut histopathological analysis: Swiss Roll versus Intestine Strips. Exp Mol Pathol 111:104302. https://doi.org:10.1016/j.yexmp.2019.104302
2.	Rahman I, Kode A, Biswas SK (2006) Assay for quantitative determination of glutathione and glutathione disulfide levels using enzymatic recycling method. Nat Protoc 1:3159-3165. 

image3.emf
S

h

a

m

 

+

 

V

e

h

i

c

l

e

O

V

X

 

+

 

V

e

h

i

c

l

e

O

V

X

 

+

 

L

P

L

-

R

H

O

V

X

 

+

 

C

a

l

c

i

u

m

O

V

X

 

+

 

C

o

m

b

i

n

e

0

10

20

30

40

G

S

H

 

l

e

v

e

l

 

i

n

 

i

l

e

u

m

 

(

μ

m

o

l

/

g

)

✱✱✱✱

✱✱✱

✱✱✱✱

Sham + VehicleOVX + VehicleOVX + LPL-RHOVX + CalciumOVX + Combine0246810GSSG level in ileum (μmol/g)

✱✱ ✱✱

✱✱

Sham + VehicleOVX + VehicleOVX + LPL-RHOVX + CalciumOVX + Combine010203040tGSH level in ileum (μmol/g)

✱✱✱✱

A B C


image4.emf
%DFWHULDO�FRPSRVLWLRQ�GLIIHUHQFH�DW�IDPLO\�OHYHO

5HODWLYH�DEXQGDQFH�

���

6KDP���9HK 29;���9HK 29;���/3/�5+ 29;���&DOFLXP 29;���&RPELQH

�

��

��

��

��

��

��

��

��

��

���

7D[RQ

6����

>3DUDSUHYRWHOODFHDH@

3UHYRWHOODFHDH

%DFWHURLGDFHDH

5LNHQHOODFHDH

5XPLQRFRFFDFHDH

3RUSK\URPRQDGDFHDH

/DFKQRVSLUDFHDH

/DFWREDFLOODFHDH

3HSWRVWUHSWRFRFFDFHDH

2WKHUV

OVX

Sham

Vehicle LPL-RH Calcium Combine Vehicle

OVX

Sham

Vehicle LPL-RH Calcium Combine Vehicle

OVX

Sham

Vehicle LPL-RH Calcium Combine Vehicle

OVX

Sham

Vehicle LPL-RH Calcium Combine Vehicle

%DFWHULDO�FRPSRVLWLRQ�GLIIHUHQFH�DW�JHQXV�OHYHO

5HODWLYH�DEXQGDQFH�

���

6KDP���9HK 29;���9HK 29;���/3/�5+ 29;���&DOFLXP 29;���&RPELQH

�

��

��

��

��

��

��

��

��

��

���

7D[RQ

3UHYRWHOOD

3DUDSUHYRWHOOD

%DFWHURLGHV

>3UHYRWHOOD@

3DUDEDFWHURLGHV

5XPLQRFRFFXV

/DFWREDFLOOXV

2VFLOORVSLUD

7XULFLEDFWHU

2GRULEDFWHU

2WKHUV

A B

D E F

I J K L

G H

Sham + Veh

OVX + Veh

OVX + LPL-RH

OVX + Calcium

OVX + Combine

C


image5.emf
051015200100200300400500Relative abundence ofPrevotella(%)Serum LPS level (EU/L)

40 50 60 70 80

0

100

200

300

400

500

Relative abundence of S24-7 (%)

S

e

r

u

m

 

L

P

S

 

l

e

v

e

l

 

(

E

U

/

L

)

Spearma n  r   = 0.2587               P   = 0.1674  

A B

C

40506070800246810Relative abundence of S24-7 (%)Serum IL-17A level (pg/mL)051015200246810Relative abundence ofPrevotella (%)Serum IL-17A level (pg/mL)

D

E F


image1.emf
Sham + VehicleOVX + VehicleOVX + LPL-RHOVX + CalciumOVX + Combine0.00.51.01.52.0Relative abundance (folds)OPG/β-actin

✱✱✱✱ ✱

Sham + VehicleOVX + VehicleOVX + LPL-RHOVX + CalciumOVX + Combine0.00.51.01.5Relative abundance (folds)RANKL/β-actin

✱✱✱✱ ✱✱✱

β-actin

42 kDa

BMP2 18 kDa

B C D

F

Sham + VehicleOVX + VehicleOVX + LPL-RHOVX + CalciumOVX + Combine01020304050OCN+ osteoblast (/HPF)nsns

Sham

Vehicle

LPL-RH Calcium Combine Vehicle

OVX

OCN

A

50 μm 50 μm 50 μm 50 μm 50 μm

E


image2.emf

