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Supplementary Methods 

 

Animals 

Transgenic 5×FAD mice (Tg6799; Jackson Laboratory, Stock#006554) harboring human APP 

with the Swedish, Florida, and London mutations and human PSEN1 with the M146L and 

L286V mutations under control of the mouse Thy1 promoter were crossed with transgenic 

JNPL3 mice (TauP301L-JNPL3; Taconic, Stock#2508 homozygote) harboring human tau with 

the P301L mutation under control of the mouse prion protein promoter1. The progenies showed 

both Aβ and/or Tau pathology; therefore, we called them ADLPAPT transgenic mice. In this 

study, only female mice were used because ADLPAPT female mice showed the earlier signs of 

both AD pathologies (Aβ and tau) and cognitive impairment than those of ADLPAPT male mice. 

We performed mouse genotyping within 4 weeks of birth and immediately separated the mice 

and subdivided them into three groups by their genotype, one group of WT and two groups of 

ADLPAPT mice (one for FMT treatment). Due to the confounding of diversity of the intestinal 

microbial community by the cohousing effect, each group of mice was raised in different cages 

in identical sterile environments for 6 months. All the mice were maintained at the animal 

facility of Seoul National University, and the experimental procedures were carried out in 

accordance with the principles of Laboratory Animal Care (NIH publication No. 85–23, revised 

1985) and the Animal Care and Use Guidelines of Seoul National University, Seoul, Korea. 

 

Behavioral test 

Animal cognitive functions were assessed by two behavioral tests: Y-maze, and contextual fear 

conditioning test. Animals were allowed to explore the Y-maze apparatus which is consisted of 

three arms labeled A, B, and C for 8 minutes. The total number and alternation of arm entries 

were counted to calculate the percentage of alternation. The alternation behavior was defined 
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as consecutive entries into the three maze arms. The contextual fear conditioning test was 

conducted in a fear conditioning chamber (H10-11M-TC, Coulbourn Instruments) which has a 

metal grid floor connected to an electric shock generator and chamber-mounted camera to 

deliver electric foot shocks and recorded a freezing time. On the first day for the training, 

animals were explored and received two electric foot shocks (0.5mA, 2 seconds) in the chamber 

for 4 minutes 30 seconds. Following the training session, animals were returned to their home 

cages. For the context on day 2, animals were placed in the same chamber for 5 minutes without 

any electric foot shocks and time spent freezing was measured as an indication of contextual 

fear. Time spent freezing was recorded and analyzed by FreezeFrame software (Coulbourn 

Instruments). 

Anxiety-related behaviors in animals were assessed by the open-field test. Open-field is square-

shaped arena (40×40 cm) which divided into central zone (20×20 cm) and peripheral zone. 

Animals were placed at the center of open-field and allowed to explore the arena for 30 min. 

The following behavior parameters were recorded and analyzed by Ethovision XT (Noldus) 

during the test: total distance travelled, velocity, and distance travelled in the central and 

peripheral zone. 

 

16S rRNA gene-based community analysis  

Total DNA was extracted from a fecal sample using the Qiagen DNA Stool Mini Kit (Qiagen, 

Valencia, CA, USA) as described by Zoetendal et al.2 The V1-V2 hypervariable regions of 16S 

rRNA gene were sequenced for the mice at 8 months of age, as described.3 The V4 

hypervariable region of 16S rRNA gene was sequenced for the mice at 2, 4, and 6 months of 

age, and the mice transplanted with fecal microbiota of WT and ADLPAPT mice, as described.4 

The quality filtering and sequence analysis of raw reads were performed as described.4 The 

samples were rarefied to control sequencing depth (400 sequences for 8-month-old mice; 
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30,000 sequences for 2-, 4-, and 6-month-old mice; 10,000 sequences for recipient mice). The 

OTUs identified as singleton, found in only single sample, or unassigned into a specific 

bacterial phylum were further excluded to reduce the noise of sequencing data. Taxonomic 

assignment was performed in the Greengenes database via a UCLUST-based taxonomy 

classifier. -Diversity (observed OTUs and phylogenetic diversity) was determined. -

Diversity was determined based on Bray–Curtis and Jaccard dissimilarities by principal 

coordinate analysis (PCoA). The PCoA was conducted based on the Bray–Curtis and Jaccard 

dissimilarities by means of R package “vegan”. The statistical significance of group differences 

was assessed by function “anosim” and “adonis” with 999 permutations. Genus level bacterial 

taxa discriminating the WT and ADLPAPT groups were identified by LEfSe analysis.5 

 

Frequent transfer and transplantation of fecal microbiota 

The transfer of fecal microbiota was performed as described by Chang et al.6. Fresh fecal 

samples were collected from WT and ADLPAPT mice before fecal microbial transfer. 

Approximately 500 mg of feces was resuspended vigorously in 2 ml of sterilized phosphate-

buffered saline (PBS) containing 0.05% of L-cysteine-HCl. Large debris in the suspension were 

precipitated by brief pulsed centrifugation. The supernatant (200 μl) was administered 

intragastrically to the recipient mice. The FMT was started in mice at 8 weeks of age and was 

carried out 5 d/week for a total of 16 weeks. The groups of WT mice (n = 16) and ADLPAPT 

mice (n = 14) were inoculated with fecal materials derived from self, and the FMT group of 

mice (n = 16) was inoculated with fecal materials from WT mice. For transplantation of fecal 

microbiota, animals were provided with autoclaved water supplemented with ampicillin (0.5 

mg/mL), gentamicin (0.5 mg/mL), metronidazole (0.5 mg/mL), neomycin (0.5 mg/mL), and 

vancomycin (0.25 mg/mL) to reduce their intestinal microbiota.7 The 200µl of autoclaved 

water or broad-spectrum antibiotics mixture was administered orally to 8-week-old ADLPAPT 
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mice daily for four weeks. The antibiotics treatment was withdrawn for three days prior to 

microbial transplantation. With fresh fecal matters from donor WT (n = 9) and ADLPAPT mice 

(n = 9), FMT was subjected to antibiotics-pretreated recipient ADLPAPT mice (n = 8 for WT 

microbiota and n = 8 for ADLPAPT microbiota) 5 d/week for a month. After the last gavage of 

the microbiota, no treatments was performed for two weeks before fecal and brain sampling to 

rule out the influence of input fecal matters.8  

 

Colonic transcriptome analysis 

Total RNA was extracted with the TRIzol reagent (Invitrogen) from the proximal colon tissues 

(~1 cm) of mice from groups WT, ADLPAPT, and FMT, and was subjected to HiSeq 2500 

sequencing (2 × 100 bp; Illumina). Raw reads were trimmed based on the average quality score 

(Q20) and annotated via the GRCm38/mm10 database (UCSC Genome Bioinformatics) in 

TopHat9. In the edgeR software10, all genes expressed below one count per million (CPM) in 

the majority of replicates in all treatments were filtered out from the data set. The Bioconductor 

package edgeR was used to find DE genes with a false discovery rate (FDR) below 5%10. A 

bioinformatics resource called the Database of Annotation, Visualization and Integrated 

Discovery (DAVID) was employed to assign DE genes to GO functional categories and 

determine enrichment scores and significance by modified Fisher’s exact test (EASE, P value 

< 0.05)11. Based on DE genes, the WT and ADLPAPT groups were clustered by Euclidean 

distance with average linkage clustering and were visualized on a heat map. 

 

Measurement of gut permeability and inflammation 

An in vivo assay of gut permeability was performed by the FITC-dextran method12. Briefly, 

mice were deprived of food and water for 4 h, and 12 mg of FITC-labeled dextran (4 kDa, 

FD4000, Sigma-Aldrich, St. Louis, MO, USA) was administered orally. Blood was collected 
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retro-orbitally after 2 h, and fluorescence intensity of the serum was measured on a BIOTEK 

Fluorescence Spectrophotometer. The serum was used for the detection of LBP with the Mouse 

Lipopolysaccharide Binding Protein ELISA kit (Cell Sciences, Canton, MA, USA). Fecal 

LCN2 was quantified using a Mouse Lipocalin-2/NGAL Quantikine ELISA kit (R&D Systems, 

Minneapolis, MN, USA), as described elsewhere3. Fecal albumin was quantified with the 

Mouse Albumin ELISA kit (Bethyl Labs, TX, USA). 

 

Aβ ELISA analysis  

A PBS-perfused cerebral cortex was homogenized in PBS with a protease inhibitor cocktail 

(PI; Sigma-Aldrich, CA, USA) on ice. The homogenized cortical tissue was lysed in RIPA 

buffer (50 mM Tris-HCl, pH 7.4; 150 mM NaCl; 1% Nonidet P-40; 0.1% SDS; 0.5% 

deoxycholic acid sodium salt) with PI and centrifuged at 17,949 ×g for 15 min at 4 °C. The 

supernatants of cortical extracts were analyzed by the BCA protein assay and ultracentrifuged 

at 100,000 ×g for an hour. The resuspended pellet (RIPA insoluble) in 70% formic acid 

followed by ultracentrifued at 100,000×g for an hour. Aβ40 and Aβ42 levels of RIPA soluble and 

insoluble samples were measured using a human Aβ specific ELISA kit according to the 

protocol of the manufacturer (IBL). 

 

Immunohistochemistry 

Mice were perfused with PBS after they were anaesthetized with a mixture of Zoletil 50 (Virbac, 

Carros, France) and Rompun (Bayer Korea, Seoul, Korea). For immunohistochemical analysis, 

one hemisphere was fixed in 4% paraformaldehyde for 1 d and incubated in a 30% sucrose 

solution in PBS for the subsequent 3 d. Next, 30 μm coronal slices were generated on a CM 

1950 cryostat (Leica Microsystems GmbH, Nussloch, Germany) and free-floating tissue slices 

in storage buffer were stained with the appropriate primary antibodies. Briefly, the brain slices 
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were washed in PBS to remove the storage buffer and incubated in 70% formic acid at room 

temperature (RT) to detect aggregated proteins such as Aβ peptide and tau in the brain. After 

20 min incubation, the slices were washed in PBS several times for 5 min to completely get rid 

of formic acid and simultaneously blocked and permeabilized with 5% normal horse serum and 

0.3% Triton X-100 in PBS containing 0.5% of bovine serum albumin (BSA) for 1 h at RT. Next, 

the slices were stained with the primary antibodies at a desired concentration overnight at 4 °C 

and then Antibodies against biotin‐labeled 4G8 (1:700, Covance), phospho-Tau (Thr231; 

AT180, 1:250, MN1040, Invitrogen), phospho-Tau (Ser202/Thr205; AT8, 1:200, MN1020, 

Invitrogen), Tau13 (1: 1,000, ab13090, Abcam), Iba1 (1:500, Wako), and GFAP (1: 1,000, 13-

0300, Invitrogen) were used for immunostaining. The following next day, the slices were 

incubated at RT for 1 h with diluted Alexa fluorophore–conjugated secondary antibodies (Life 

Technologies, Waltham, MA, USA) in PBS containing 5% of normal horse serum. and then 

mounted on glass slides with Gel Mount (Biomeda, Foster city, CA, USA). We chose the 

biotinylated mouse secondary antibody (Vector Laboratories, Burlingame, CA, USA) for signal 

amplification depending on the primary antibodies before the slices were mounted on glass 

slides with Gel Mount (Biomeda, Foster city, CA, USA). We captured images of slices via 

confocal laser microscopy (LSM700; Zeiss International, Oberkochen, Germany) and analyzed 

the distribution of fluorescent signals in the z-stack of confocal images in the ImageJ 

densitometric software (National Institutes of Health, Bethesda, MD, USA). 

 

Flow-cytometric analysis of peripheral blood 

Peripheral blood leukocytes (PBL) were prepared by red blood cell lysis and stained with 

fluorescent-dye–conjugated antibodies against CD11c (N418, Biolegend), CD11b (M1/70, 

eBioscience), Ly6G (1A8-Ly6g, eBioscience), Ly6C (HK1.4, eBioscience) and SiglecF (E50-

2440, BD Pharmigen) for flow-cytometric analysis. Cells were analyzed on a Fortessa X-20 
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(BD Pharmingen), and the data were analyzed in the FlowJo ver.10 software (Tree Star). 

 

Statistical analysis 

Data with a p-value less than 0.05 were considered significant. Two-tailed Student’s t test and 

one-way ANOVA with the Tukey post hoc test were performed in GraphPad Prism version 7.0 

for Windows (GraphPad).  
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