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Consumption of different soymilk formulations

differentially affects the gut microbiomes
of overweight and obese men
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The effects of consuming foods on the intestinal microbiome of obese individuals remain unclear. The objective of
this study was to compare the effects of consuming low glycinin soymilk (LGS, 49.5% B-conglycinin/6% glycinin),
conventional soymilk (S, 26.5% B-conglycinin/38.7% glycinin) or bovine milk (M, 0% B-conglycinin/0% glycinin) on the
intestinal microbiome in overweight and obese men. In arandomized double-blind study, participants (64 men, BMI > 25,
20-45 y old), organized in three groups, consumed 500 mL of LGS, S or M daily for 3 mo. Three fecal samples were
collected before (baseline) and after 3 mo of consumption. Dietary energy and macronutrient intake were monitored
monthly and remained constant throughout the study (p > 0.05). Microbial composition was analyzed with gPCR and
bTEFAP. Within groups, gPCR analysis showed that the total bacteria increased in all treatments over time (p < 0.001).
Bacteroides-Prevotella (p = 0.001) and Lactobacillus (p < 0.001) increased in LGS and M, respectively. Bifidobacterium was
significantly reduced in LGS (p = 0.003) and S (p < 0.001). Bacterial diversity decreased for LGS, S and M (p = 0.004, 0.005,
0.001; respectively). Unweighted UniFrac analysis revealed that the microbial communities were more similar within than
between individuals. The Firmicutes to Bacteroidetes ratio decreased in both LGS and S groups and remained relatively
unchanged in the M group (Time p = 0.012; Interaction p = 0.059). Indicator analysis revealed several genera that were
indicative of each treatment including Lactobacillus and Prevotella. Consumption of the three beverages differentially
altered the microbiota in overweight and obese men including a potentially beneficial alteration of the Firmicutes to

Bacteroidetes ratio in both soymilk groups.

Introduction

Researchers have begun to uncover links between the complex
gut microbiome and its relationship with obesity.! Turnbaugh
and colleagues® demonstrated a potential causal link between
obesity and gut microbiota using a murine model. Around the
same time, Ley et al.> demonstrated that there were differences
in the gut bacteria of obese and lean adults. These two foun-
dational studies provide strong evidence of a link between the
gut microbiome and obesity. Research published since have tried
to elucidate mechanisms for how bacteria influence adiposity.
Since the gut microbiota is directly involved in metabolism of
food and its conversion to energy, it is logical to conclude that
the gut microbiota can cause caloric excess contributing to the

145 Gut microbiota have been shown

development of obesity.
to suppress expression of fasting-induced adipose factor (Fiaf)
which increased storage of excess calories as fat.® Cani et al.” have
shown that bacterial lipopolysaccharide (LPS) is linked to high-
fat diet-induced inflammation in 06/06 mice. Additionally, anti-
biotics and bifidobacteria supplementation can lower plasma LPS
levels in mice and can reduce the effects of high-fat diet-induced
metabolic disorders. Therefore, the gut microbiota should be a
focus of further research into the etiology of obesity.

Over the past two decades, a wealth of knowledge has been
gained detailing the health benefits of soybeans.® A great deal
of this research has focused on soybean protein isolate (SPI)
which is primarily composed of glycinin and B-conglycinin
proteins (50-70% of total protein).”'® SPI has been shown to
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Figure 1. Change in copy number for the total microbiota (A), Bacteroides-Prevotella (B), Bifidobacterium (C) and Lactobacillus (D) after three months.
Values reported as Log,  of the #copies/g dry matter. *p value within treatments. **p value among treatments.

contribute to a reduced risk of cardiovascular disease in humans
possibly due to lowered blood triglycerides, decreased LDL and
total cholesterol.’ Clinical trials have shown that a decrease in
serum triglycerides, visceral fat, lipid accumulation and body fat
ratio can be attributed to the consumption of B-conglycinin.'®!!
Additionally, clinical trials have shown favorable weight loss
with the general consumption of soymilk.'*'3 New varieties of
soybeans with different protein profiles are now available. The
ratio of B-conglycinin and glycinin present in soy may produce
different positive effects in human health. Thus, B-conglycinin
has received particular attention as a potential agent to improve
health of overweight individuals."

In this study, the gut microbiome composition of overweight
and obese men was analyzed following consumption of low gly-
cinin soymilk (high in B-conglycinin), conventional soymilk
and bovine milk for three months. Changes in the gut microbi-
ome were measured by qPCR and high-throughput 16S rDNA
sequencing.

Results

Subjects and treatments. Male subjects (n = 64) aged 32 + 7 y
with an average initial BMI of 29 + 4 completed this study out
of 81 recruited subjects. The subject’s age and BMI at baseline
did not differ significantly among groups. The subjects were
randomly distributed into one of three treatments: low glycinin
soymilk (LGS, n = 19), conventional soymilk (S, n = 23) or
bovine milk (M, n = 22). The nutrient profiles of the treat
ments are listed in Table 2. The composition of isoflavones was
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comparable between the low glycinin soymilk and conventional
soymilk.

Participant compliance with consumption of test materials
was high (95% of packages consumed per month on average)
and there were no compliance differences among treatments. No
adverse effects of the treatments were reported by the subjects.

Protein, carbohydrate, fat, fiber and energy intake of the
participants were not different among groups during the study
(p > 0.05, Table 3). Physical activity did not change dur-
ing the period of study in any of the groups (data not shown).
Specifically, mild to moderate physical activity (p = 0.209) and
strenuous physical activity (p = 0.489) were not different among
treatments and did not differ more than one hour per week
within every group. Every month during the study, participants
were asked to record their bowel movements for one week and
note any changes in daily frequency. There were no significant
changes in daily defecation frequency (p = 0.575) reported by
the subjects. In addition, treatment (p = 0.612), time (p = 0.236)
and treatment x time interaction (p = 0.998) did not impact the
percent dry weight of feces.

Characterization of gut microbiota by quantitative PCR.
Quantitative PCR (qPCR) was used to determine the fecal bacte-
rial composition via primers specific for the 16s IRNA gene to
compare the change in total bacterial abundance, Bacteroides-
Prevotella, Bifidobacterium, and Lactobacillus following 3 mo of
consumption. The qPCR values are reported as log , copy num-
ber per gram dry feces (Fig. 1). The change in copy number was
not significantly different among treatments for the total bac-
teria, Bacteroides-Prevotella, Bifidobacterium, and Lactobacillus
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(p =0.213, p = 0.374, p = 0.592 and p = 0.142, respectively).
Within treatments, total bacterial copy numbers increased sig-
nificantly after the consumption for LGS, S and M (p < 0.001,
p < 0.001 and p = 0.002, respectively). The copy number of
Bacteroides-Prevotella increased significantly in LGS (p = 0.001)
but not S or M (p > 0.05). The copy number of Lactobacillus
increased significantly within M (p < 0.001) but did not signifi-
cantly change within LGS and S (p > 0.05). The Bifidobacterium
copy numbers decreased significantly within LGS and S
(p = 0.003 and p < 0.001, respectively) and increased within the
M group though not significantly (p = 0.216).

Characterization of gut microbiota by bacterial Tag-encoded
FLX amplicon pyrosequencing. Three hundred eighty-four sam-
ples were analyzed (6 samples per subject) resulting in 2,815,029
total raw sequences of the V1-V3 hypervariable region of the 16S
tRNA gene. After trimming protocols were applied, 1,787,001
high quality bacterial 16S rRNA sequences were produced with
an average amplicon length of 491 bp. We obtained an average of
4,604—4,730 sequences per sample which yielded an average of
1,064 (LGS), 1,019 (S) and 1,043 (M) unique operational taxo-
nomic units (OTUs; 97% cutoff) at baseline and 938 (LGS), 915
(S)and 923 (M) OT Us per sample (97% cutoff) after three months
of treatment (Table 4). This reduction in bacterial diversity fol-
lowing the consumption of the treatments was statistically signif-
icant for LGS, S and M (p = 0.004, 0.005 and 0.001, respectively;
Table 4). Bacterial richness, estimated using ACE and Chaol
indices, also showed a decline over the three months with each
treatment (Table 4). Combined with the ACE and Chaol indices,
the rarefaction curves showed sufficient leveling off to conclude
that our data included good coverage of the estimated OTUs
present in our samples (Fig. 2). Lastly, bacterial communities in
the samples from the same individual were more similar than
communities in samples from different subjects at both baseline
and 3 mo (Fig. 3).

Eleven different bacterial phyla were detected in our study.
The relative abundance of Firmicutes decreased for both soy-
milk groups (LGS and S) while staying unchanged in the M
group (Table 5, p = 0.03). In contrast, the relative abundance
of Bacteroidetes increased in both soymilk groups (LGS and S)
and decreased in the M group, although this interaction only
approached statistical significance (Table 5, p = 0.07). The
Firmicutes to Bacteroidetes ratio decreased over the course of
the experiment in both the LGS and S treatment groups and
remained relatively unchanged in the M treatment group (Time
p = 0.012; treatment x time interaction p = 0.059). The rela-
tive abundance of members in the phylum Proteobacteria sig-
nificantly increased in all groups (time p < 0.01) following the
consumption of the milks.

When viewed from a multivariate perspective, the change in the
bacterial community over time was the most distinct between M
and S (Fig. 4), although the treatment effect only approached sta-
tistical significance (p = 0.057). For subjects who consumed bovine
milk, Roseburia tended to increase whereas Prevotella tended to
decrease. The opposite was true for subjects who consumed con-
ventional soymilk. Subjects who consumed low glycinin soymilk,
however, tended to experience increases in Faecalibacterium.
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Indicator analysis®® was used to identify individual genera
that were indicative of a particular treatment group (Fig. 5). For
many of the genera such as Lactobacillus, the change in indicator
score was similar for LGS and S yet different from M. In fact,
the indicator score for Lactobacillus increased for the M group
yet decreased for both the LGS and S groups, which is consis-
tent with the qPCR results (Fig. 1). For other genera, LGS and S
do not have similar indicator scores. For example, the indicator
score from Prevotella increased for the S group yet was relatively
unchanged for the other groups which are consistent with our
multivariate analysis (Fig. 4). Particularly, the indicator analysis
demonstrated that the genus Pseudomonas was more abundant in
LGS (1.63% + 5.59) whereas M and S were less than 1% (0.16% +
0.34 and 0.13% + 0.306, respectively) after 3 mo of consumption.

Discussion

While B-conglycinin has previously been shown to positively
lessen the risk factors of developing obesity,”® the potential
impact of B-conglycinin on the adult human gut microbiota is
unknown. This study analyzed the changes in gut microbiota
due to the consumption of a low glycinin soymilk, conventional
soymilk or bovine milk over three months in overweight and
obese men. The gut microbiota was analyzed using two distinct
molecular based approaches, quantitative PCR (qPCR) and bac-
terial tag-encoded FLX amplicon pyrosequencing (bTEFAP).
The total bacterial 16S rDNA copy number was measured
with universal primers by qPCR and increased significantly in all
treatment groups. Gut microbiota composition has been demon-
strated to be diet-responsive where minor shifts in dietary intake
4647 While our participants
were asked to maintain their normal diets throughout the course
of this study (3 mo), it is difficult to ignore the changes in food
consumption of free living human subjects. In addition, the use

can cause a shift in bacterial numbers.

of dietary recall is problematic as indicated by the wide variation
seen in the study.

The overall diversity of species (OTUs at 97% cutoff) mea-
sured by bTEFAP decreased at the end of this study for all three
treatment groups. While reduced diversity has been shown in
obese people as compared with lean people this does not explain
the reduction in diversity seen in this study.”® All of our partici-
pants were either overweight or obese at baseline and their BMI
did not change over the course of the study.

The collection of three fecal samples from each individual
at both time points allowed us to determine the variability in
bacterial community structure within and among subjects. This
analysis showed that the microbial composition was more simi-
lar when comparing an individual to themselves than to other
individuals which is consistent with previously reported data.*®#
Importantly, this result indicates that increasing the total num-
ber of participants may be a better use of resources than collect-
ing multiple samples per person.

The Firmicutes and Bacteroidetes phyla have been shown to
directly correlate with obesity in several studies.’*>° We dem-
onstrated here that the relative abundance of Firmicutes signifi-
cantly decreased whereas the relative abundance of Bacteroidetes
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Figure 2. Rarefaction curves of the OTUs at 97% distance. A single line represents one participant, each participant represented at baseline (A, Cand

significantly increased following consumption of LGS and S.
Correspondingly, the Firmicutes to Bacteroidetes ratio decreased
significantly in the LGS and S groups. There was no change in
relative abundance of Firmicutes, Bacteroidetes or their ratio
with respect to the M group.

The significant increase in
Proteobacteria did not result from consumption of solely soy-
milk. The Proteobacteria phylum contains Gram-negative bac-
teria with an outer membrane rich in lipopolysaccharides (LPS)
and includes important genera like Pseudomonas, Klebsiella,

relative abundance of

www.landesbioscience.com

Enterobacter, Salmonella, and Escherichia, among others. LPS
has pro-inflammatory activity and high levels have been related
with obesity.”! Since the subjects were already overweight and
obese, the increase in the relative abundance of Proteobacteria
may be a concern. In all three groups, the proportion of par-
ticipants with detectable levels of Pseudomonas, a member of
the phylum Proteobacteria, were greater following consump-
tion and was not unique to the LGS group (LGS increased from
32% to 100%; M increased from 35% to 65%; S increased
from 13% to 91%). While Pseudomonas spp are a normal part
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of the gut microbiota,’* the significance of the increase in
relative abundance in LGS and the increase in individu-
als with detectable Pseudomonas spp in all three groups is
unknown.

We analyzed three genera by qPCR: Lactobacillus,
Bacteroides-Prevotella and  Bifidobacterium (Fig. 1).
The Bacteroides-Prevotella group significantly increased
in total abundance in LGS after 3 mo of consumption
(Fig. 1). Bacteroides was shown to be indicative of LGS
by the multivariate and indicator analysis (Figs. 4 and 5).
Additionally, Prevotella was indicative of S by multivariate
and indicator analysis. Bacteroides and Prevotella are both
members of the phylum Bacteroidetes. For both LGS and
S the Firmicutes to Bacteroidetes ratio decreased which
is consistent with an increase in abundance (or indicator
score) of these two genera.

The total abundance (qPCR) of the genus Lactobacillus

Baseline 3-Months
15

210- distance
g Within
© Among

5 -

O -

| | I I I I
0:7 0.8 0.9 0.7 0.8 0.9

UniFrac Distances

Figure 3. Variability in bacterial community structure within and among

subjects. Unweighted UniFrac distance quantifies differences in bacterial com-
munity composition, and the observed probability distribution of unweighted
UniFrac distances within and among subjects is shown at baseline and at 3 mo.

significantly increased in M after 3 mo (Fig. 1).
Lactobacillus was also shown to have a higher indicator

score in M (Fig. 5). Lactobacillus spp have been shown to have
health promoting capabilities and many are defined as probiotics.
The total abundance of Lactobacillus was low at baseline in the
M group and increased to similar amounts seen in the LGS and
S group. The increase in Lactobacillus was only seen in the M
group. Since Lactobacillus spp are effective lactose fermenters, it
is reasonable to suspect the increase in lactobacilli in the M group
could be related to the lactose in the milk.

Interestingly, the multivariate analysis (Fig. 4) identified other
members of the Firmicutes that were predominant in one treat-
ment or another. The genus Faecalibacterium was more abun-
dant in the LGS group. In addition, the genera Eubacterium and
Clostridium were more abundant in the S group. The M group
had a higher abundance of Roseburia. Of these four genera, only
Faecalibacterium and Clostridium had a higher indicator score
for LGS and S, respectively. These four genera contain species
which have been classified as butyrate producers which might
have obesity implications.?

Subjects were distributed into groups using a stratified ran-
domization. However, the gut microbiota of the three groups
varied at baseline. Analyses of the gut microbiota composition
by DNA based molecular methods have inherent biases due to
extraction methods, primers and sequencing method. In this
study, care was taken to reduce the bias associated with the
microbiota analysis. Fecal extraction was randomly performed
to ensure that participant samples were not extracted together.
Primer sets (QPCR and bTEFAP) were consistent between all
samples and did not change during this study. Extracted DNA
were pooled and analyzed on a single plate for gPCR analysis.
Additionally, extracted DNA samples were run on a single bTE-
FAP plate. Therefore, the cause of the differences between the
groups at baseline is unknown. We chose to focus our analysis on
the change over time due to the treatments within groups rather
than between groups. Since our sample to sample variation was
larger between individuals than within individuals (Fig. 3) we
believe this analysis was appropriate.
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In conclusion, consumption of LGS, S and M resulted in
changes in the gut microbiota in overweight and obese men
as assessed by qPCR and bTEFAP. These molecular based
approaches generated similar conclusions. Additionally, the
Firmicutes to Bacteroidetes ratio decreased in the LGS and S
groups yet was unchanged in the M group. We also identified sev-
eral genera that changed differentially due to the consumption of
the soymilks or bovine milk, such as Pseudomonas, Bacteroides,
Prevotella, Lactobacillus, Clostridium, Eubacterium, Roseburia,
and Faecalibacterium. The identification of specific bacterial gen-
era allows for a better understanding of the microbial response
to dietary interventions. Future research could provide evidence
to link the beneficial health effects of soymilk to the develop-
ment and treatment of obesity, possibly due to a change in the
gut microbiome.

Methods

Ethics statement. This study was a randomized, double-blind
trial. It was conducted in accordance with good clinical practice
guidelines in compliance with the declaration of Helsinki and
approval of the Institutional Review Board of the University of
Ilinois at Urbana Champaign (IRB #09454). Participants volun-
tarily participated in the study and signed an informed consent
form.

Subjects. Male participants (20—45 y of age) with a body mass
index (BMI) ranging from 25—44 were recruited voluntarily from
the campus of the University of Illinois at Urbana Champaign.
Participants were excluded from the study if they were taking
antibiotics, a smoker, an athlete, a vegetarian and/or lactose intol-
erant. Only male participants were recruited to avoid the vari-
ability in gut microbiota produced by monthly hormonal changes
in women. Participants (n = 81), were staggered from May to
December 2009 and 64 subjects completed the study. Age and
BMI, were determined at baseline to organize subjects within
groups using a stratified randomization. Subjects were asked to
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Figure 4. Biplot illustrating the results of RDA. Here, each point represents a subject, and distances among points represent differences among sub-
jects’ microbiomes. As a result, points close together represent subjects who responded similarly to treatment. Ellipses represent the 95% Cl for each
treatment group centroid (i.e., multivariate mean), and arrows reflect the contribution of genera to each axis. Prior to analysis, relative abundance of
each genus within each subject was averaged across three replicates and then adjusted for baseline conditions. Differences among treatment groups

avoid the consumption of dietary supplements, antibiotics and to
inform investigators if they became ill or were prescribed any new
medication. Participants were asked to avoid the consumption
of fluid milk (other than the provided milk) during the course
of the study; however solid dairy products such as cheese were
permitted. Participants also agreed to maintain their regular diet
and physical activity during the study.

Treatments. The low glycinin/high B-conglycinin soybean
seeds were provided by The Monsanto Co. The corresponding
whole soybean milk powders, including the milk powder pro-
duced from traditional soybean seeds were manufactured by
Archer Daniels Midland. The liquid preparation and packaging
of the soymilk and bovine milk were conducted using an Ultra
High Temperature procedure (Tetra Pak Co.). Final beverage

www.landesbioscience.com

products were stored for 2 weeks and microbiological analyses
were then performed by Tetra Pak to ensure the safety of the
beverages prior to the shipment to the University of Illinois at
Urbana Champaign. The soymilk or bovine milks were provided
to participants in 250 ml Tetra Pak containers, there were no
differences in appearance between the three milks. Compliance
of product consumption was determined by counting the num-
ber of clipped cardboard codes returned monthly to investigators
and by a signed declaration of the number of beverage packages
consumed.

Study design. Eighty-one volunteers who met the inclusion
criteria were randomly distributed into three groups and asked
to consume 500 mL per day of low glycinin soymilk (LGS,
49.5%

B-conglycinin/6% glycinin), conventional soymilk
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(S, 26.5% B-conglycinin/38.7% glycinin) or bovine milk (M,
0% B-conglycinin/0% glycinin). The study comprised of a one
week washout period in which subjects were requested to avoid
the consumption of any food product containing soy; a list of
common products to avoid was provided. The washout period
was followed by three months of soymilk or bovine milk con-
sumption according to the experimental protocol. Subjects also
participated in a monthly one-week bowel movement recall.

Sample collection. Participants donated 3 fecal samples over
the course of 5-6 d during the wash-out week (baseline) and dur-
ing the final week of the 3 mo study. Fecal material was depos-
ited in a sealed container by the participant (Fisher Scientific)
and placed in a styrofoam box containing ice packs (U-line).
Fecal material was delivered and flash frozen within two hours
of defecation. Four total samples (3—200 mg tubes and 1-1 g
tube, Sarstedt) were collected from each sample. Fecal samples
were stored at -80°C until subsequent analysis. One 200 mg tube
of fecal material was weighed, placed in an aluminum weigh boat
and dried at 105°C for 24 h to calculate % dry matter.”

Dietary and physical activity assessment. A five-day dietary
record was used to assess monthly nutrient intake. Serving sizes
were reported according to USDA guidelines for the US popu-
lation (USDA, 1996). Dietary records were analyzed with the
Food Processor SQL, Nutrition Analysis and Fitness Software
(version 10.5.0, ESHA Research). A seven-day physical activ-
ity recall (SDPAR) was conducted by trained interviewers every
month.'® Subjects were asked to list the frequency, length and
intensity of physical activity seven days prior to the interview.
Changes in hours per day of mild-moderate and strenuous physi-
cal activity were analyzed throughout the study.

DNA extraction. DNA was isolated from 200-300 mg of
feces using a modified bead beating method.””!® Briefly, samples
were lysed using a three minute homogenization step with beads
using a vortexer. Extracted DNA was re-suspended in TE buffer
overnight at 4°C instead of mechanical pipetting. These modi-
fications were used to minimize DNA shearing for downstream
applications. The DNA was purified using QIAmpDNA Stool
Kits (Qiagen). Extracted DNA was quantified using a NanoDrop
ND-1000 Spectrophotometer (Nano-Drop). The DNA samples
were normalized to a final concentration of 100 ng/pl.

General quantification of microbiota using quantitative
PCR. The stock (100 ng/pl) DNA was further diluted to a final
concentration of 100 pg/ul for the Universal and Bacteroides-
Prevotella primers and 10 ng/pl for the Lactobacillus and
Bifidobacterium primers. The primers used for gPCR are listed in
Table 1 based on published sequences.”"*! Primer coverage and
specificity were checked with the Ribosomal Database Project’s
Probe Match search tool. Coverage is reported as the percentage
of the database’s total number of organism sequences from the
target groups that the primers match. Specificity is reported as
the percentage of amplicons matched across the entire database
that correspond to organisms of the target group. Unclassified
organisms were not considered as targets, but were included in
the totals that the primers matched (date accessed 4/26/2012).%

Primers were purchased from Integrated DNA Technologies.
Quantitative PCR (qPCR) was performed using the Applied
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Lentzea
Selenomonas
Sporanaerobacter
Klebsiella
Enterobacter
Lactobacillus
Dysgonomonas
Pseudoflavonifractor

Desulfosporosinus

Desulfotomaculum value
Anaerofilum -0.2
Mitsuokella -0.1
Allisonella 0.0
Fusobacterium 0.1
Ethanoligenens 0.2
Bacteroides 03

Sporobacterium
Faecalibacterium
Catenibacterium
Phascolarctobacterium
Clostridium
Anaerovorax
Lactococcus
Lachnospira

Prevotella

Pseudomonas

- I

Figure 5. Change in indicator value scores (3 mo, baseline) after 3 mo

of treatment. Indicator value scores reflect the fidelity and relative
abundance of each genera (e.g., a score of 1 reflects a genus that is
ubiquitous and highly abundant in all samples of a particular type), and
were calculated at baseline and at 3 mo. Positive values are indicative of
indicator scores that increased after treatment. All genera with indicator
scores that had p < 0.10 at 3 mo are shown.

Biosystems 7900HT Fast Real-Time PCR System (Applied
Biosystems). Each 10 pl qPCR reaction included 5 pl of 2X
Power SYBR Green PCR Master mix (Applied Biosystems),
bovine serum albumin at a final concentration of 1 pg BSA/pL
(New England Bio Labs), 0.5 wM of each primer and 2 pl of the
DNA sample. The PCR conditions were 50°C for 2 min, 95°C for
10 min, followed by 40 cycles of 95°C for 15 sec, and 60°C for 1
min. Following amplification, a dissociation step was included to
analyze the melting profile of the amplified products and ensure
that no extraneous products were generated. Standard curves
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Table 1. Primers used for quantification of total bacteria, Bacteroides-Prevotella, Bifidobacteria and Lactobacillus.’

Target group

Total bacteria

Bacteroides-
Prevotella

Bifidobacterium

Lactobacillus

Primer Name
Uni331F
Uni797R

AllBac296F

AllBac2112R
Bif164F
Bif662R

LacF
LacR

Sequence (5'-3") Coverage?
TCC TAC GGG AGG CAG CAGT No?
GGA CTA CCA GGG TAT CTATCCTGT T

GAG AGG AAG GTC CCC CAC
CGCTACTTG GCT GGTTCA G 733

GGG TGG TAA TGC CGG ATG

CCA CCG TTA CAC CGG GAA 48
AGC AGT AGG GAATCTTCCA

CAC CGC TAC ACA TGG AG o8

Specificity®

ND*

86.0

99.3

89.4

Reference

Jernberg et al. 2007

Cani et al. 2008

Kok et al. 1996

Rinttila et al. 2004

'Coverage was determined by the probe match function on the Ribosomal Database Project. Accessed 4/26/2012. ?Percentage of the database’s total
number of organism sequences from the target groups that the primers match. *Percentage of amplicons matched across the entire database that
correspond to organisms of the target group. *ND = not determined.

Table 2. Chemical composition of treatments; low glycinin soymilk (LGS), conventional soymilk (S) and bovine milk (M)’

Calories Fat (g)
LGS 206 +0 7
M 186 +0.1 7
S 209 +0.5 7

'Data expressed as means + SD per 500 mL of milk. Each participant consumed 500 ml per day with a > 95% compliance rate.

Carbohydrates (g)
23 +0.5
17 +0.2
23 +0.5

Fiber (%)
<1.0
<10
<10

Protein (g)

+0.1
+0.1
+0.2

Calcium (mg)

699 +3
446 +2
660 +3

Table 3. Average daily dietary macronutrient intake during three months of consumption of low glycinin soymilk (LGS), conventional soymilk (S) and

bovine milk (M)’

Baseline

1 Month

2 Month

3 Month

LGS

LGS

LGS

LGS

Interaction’
'Data expressed as means + SD. ZInteraction p values determined by repeated measures ANOVA.

www.landesbioscience.com

Protein (g)

108 +9
76 +8
89 +7

p =0.04

Protein (g)
95 +11
77 +9
91 +5

p=0.39

Protein (g)
89 +10
79 +9
79 +4

p =049

Protein (g)
97 +12
69 +7
94 +6

p=0.02

p=017

Carbohydrates (g)
377 +51
243 +24
268 +19
p=0.03

Carbohydrates (g)
320 +36
237 +26
330 +48

p=0.21

Carbohydrates (g)
267 +38
266 +25
250 +18

p=092

Carbohydrates (g)
307 +36
234 +28
299 +27

p=0.24
p =0.05

Gut Microbes

Fat (g)
109 +14

Fat (g)
85 +9
69 +8
102 +9
p=0.02
p=0.09

Fiber (g)
30 +3
14 +1
15 +1
p=0.09

Fiber (g)
21 +3
17 +2
22 +4

p=0.40

Fiber (g)
20 +3
15 +2
16 +1

p=0.20

Fiber (g)
23 +2
14 +2
18 +2
p=0.17
p=0.62

Energy (Kcal)
2904 +329
1930 + 176
2690 +435
p=0.20

Energy (Kcal)

2615 +267

2023 +235

2695 +389
p =0.29

Energy (Kcal)

2244 +295

2135 +124

2248 +197
p =096

Energy (Kcal)

2395 +244
1892 +£212
2542 +193
p =0.10
p=0.13
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Table 4. Microbial analysis from participant fecal samples by bacterial Tag-encoded FLX amplicon pyrosequencing of the hypervariable V1-V3 region

of the 16S rRNA gene'
Sequenced Used OTUs 97%? ACE 97%* Chao1 97%3
Baseline 3 Months Baseline 3 Months p value* Baseline 3 Months Baseline 3 Months
LGS 4687 + 259 4730 + 224 1064 = 207 938 £ 147 0.004 2191 =783 1606 + 375 1749 + 473 1396 + 271
M 4604 + 490 4625 + 341 1043 + 207 923 + 142 0.001 2150 + 685 1539 + 337 1722 £ 414 1365 + 244
S 4689 + 336 4671 £ 175 1019 £ 173 915 + 80 0.005 2065 + 586 1653 + 268 1663 = 373 1386 + 148

'Data expressed as means + SD. 20TUs = Operational taxonomic units. *ACE and Chaol measure estimated bacterial richness. *p value represents
significant changes from baseline. Differences in OTUs 3% among treatments were not significant (p = 0.227).

Table 5. Phylogenic abundance profile related with low glycinin soymilk (LGS), conventional soymilk (S) and bovine milk (M)’

LGS M S ANOVA?

Phylum Baseline 3 Months Baseline 3 Months Baseline 3 Months Treatment Time Interaction
Actinobacteria 0.10 0.32 0.29 0.43 0.13 0.24 0.14 <0.01 0.27
Bacteroidetes 15.93 18.45 19.44 18.12 16.53 20.25 0.95 0.04 0.07
Chloroflexi 0.00 0.01 0.00 0.00 0.00 0.01 0.05 <0.01 0.18
Cyanobacteria 0.00 0.00 0.00 0.01 0.00 0.01 0.76 <0.01 0.67
Firmicutes 83.43 79.59 77.02 77.64 82.93 78.08 0.49 0.01 0.03
Fusobacteria 1.18 1.10 4.30 3.74 1.09 0.96 0.42 0.65 0.96
Proteobacteria 0.65 2.24 0.87 1.87 0.55 1.22 0.42 <0.01 0.93
Tenericutes 0.01 0.00 0.01 0.01 0.01 0.00 0.94 0.34 0.64
T™7 0.00 0.01 0.00 0.01 0.00 0.01 0.58 <0.01 0.40
Synergistetes 0.00 0.00 0.00 0.00 0.00 0.00 0.92 0.49 0.26
Verrucomicrobia 0.25 0.07 0.27 0.09 0.06 0.17 0.94 0.28 0.10
F/B ratio3 5.23 4.31 3.96 4.28 5.01 3.86 >0.05 0.012 0.059

'Data expressed as average relative abundance. 2ANOVA: Prior to statistical analysis, relative abundances were transformed using an arcsin transforma-
tion. Mixed effects ANOVA, p < 0.05. F/B ratio was calculated by the relative abundance of Firmicutes divided by the relative abundance of Bacteroide-

tes.

(10% to 107 16S rRNA gene copies per reaction) were generated
using purified 2.1TOPO-TA plasmids (Invitrogen), according
to manufacturer’s instructions. The plasmids contained the 16S
tRNA gene of Lactobacillus rhamnosus (used for Lactobacillus and
universal quantization), Bifidobacterium longum, and Bacteroides
fragilis. The qPCR values are reported as log,, copy number per
g dry feces.

Massively parallel bacterial tag-encoded FLX amplicon
pyrosequencing. Bacterial tag-encoded FLX amplicon pyrose-
quencing (bTEFAP) was performed using Gray28F (5-GAG
TTT GAT CNT GGC TCA G) and Gray519R (5'-GTN TTA
CNG CGG CKG CTG) as described in previous studies.?**
Initial generation of the sequencing library used a one-step
PCR with a total of 30 cycles, a mixture of Hot Start and
HotStar high fidelity taq polymerases, and amplicons originat-
ing and extending from the 28F for bacterial diversity. BTEFAP
analyses was performed using the Roche 454 FLX instrument
(Roche) with titanium reagents, titanium procedures were per-
formed at the Research and Testing Laboratory (RTL) based
upon RTL protocols.”

498 Gut Microbes

Bacterial diversity. Following sequencing, all failed sequence
reads, low quality sequence ends and tags and primers were
removed and sequence collections were depleted of any non-
bacterial ribosome sequences and chimeras using B2C2?® as has
been described previously.”>?¢**3° To determine the identity of
bacteria in the remaining sequences, sequences were de-noised,
assembled into clusters and queried using a distributed BLASTn
NET algorithm® against a custom database of high quality 16S
bacterial sequences derived from NCBI (01-01-11 or current
version). Database sequences were characterized as high quality
based upon similar criteria utilized by RDP version 9.2 Using a
NET and C# analysis pipeline the resulting BLASTn outputs
were compiled and validated using taxonomic distance methods,
and data reduction analysis were performed as described in the
standard method.?%3!33-%

Bacterial identification. Based upon the above BLASTn
derived sequence identity (percent of total length query sequence
which aligns with a given database sequence) and using taxo-
nomic distance methods, the bacteria were classified at the
appropriate taxonomic levels based upon the following criteria.
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. Do not distribute

lI0Science

©2012 Landes B



Sequences with identity scores, to known or well characterized
16S sequences, greater than 97% identity (< 3% divergence)
were resolved at the species level, between 95% and 97% at the
genus level, between 90% and 95% at the family and between
85% and 90% at the order level, 80% and 85% at the class
and 77% and 80% at phyla. After resolving based upon these
parameters, the percentage of each bacterium was individually
analyzed for each sample providing relative abundance informa-
tion within and among the individual samples based upon rela-
tive numbers of reads within each. Evaluations presented at each
taxonomic level, including percentage compilations represent all
sequences resolved to their primary identification or their closest
relative.?>36:37

Statistical analysis. Subject’s characteristics at baseline and
physical activity were analyzed with one-way ANOVA. Dietary
intake data was analyzed by repeated measures ANOVA.
Bacterial diversity, change in OTUs from baseline, was analyzed
with a Student’s t-test. These analyses were performed using SAS
version 9.3 (SAS Institute).

The relative abundances (transformed via the arcsin transfor-
mation) of phyla and several genera, were analyzed individually
using a mixed-effects ANOVA. Treatment (LGS, M, and S) and
time (baseline vs. 3 mo) were considered fixed effects. Subject
was considered a random effect. This mixed-effects model was
also used to analyze qPCR based abundance of total bacteria,
Bacteroides-Prevotella, Bifidobacterium, and Lactobacillus, as
well as species richness (ACE and Chaol) and the Firmicutes
to Bacteroidetes ratio. This ratio was log transformed prior to
analysis.

For each time period, indicator analysis®® was used to identify
individual genera that were indicative of low glycinin soymilk,
conventional soymilk or bovine milk samples. Indicator analysis
provides an indicator score that synthesizes information about
occurrence and abundance of individual taxa, and provides a
randomization test of the degree to which taxa are indicative of
a particular state (low glycinin soymilk vs. conventional soymilk
vs. bovine milk). We then examined the change in indicator
scores from baseline to three months as a measure of treatment
effect.

Multivariate differences among treatment groups at baseline
and at 3 mo were evaluated using distance based redundancy
analysis (dbRDA).*’ For this analysis, distances among samples
were first calculated using the unweighted UniFrac distance
% which measures the phylogenetic distances among
samples. Because differences among treatment groups existed
at baseline, another dbRDA also was performed to account for
baseline differences (i.e., standardizing relative abundances at 3
mo to baseline conditions). In this analysis, the relative abun-
dance of each genus was averaged for each subject at baseline
and at 3 mo (n = 3 per time period). Then, the change in relative
abundance (3 mo—Dbaseline) was used in the analysis. UniFrac
was calculated using Qiime,” and all other analyses were con-
ducted in R,* using the vegan®® and labdsv “* packages.
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