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Abstract Microbial dysbiosis in the gut is associated with

human diseases, and variations in mucus alter gut microbiota.

Therefore, we explored the effects of mucin on the gut microbiota

using a community of 19 synthetic gut microbial species. Cultivation

of these species in modified Gifu anaerobic medium (GAM)

supplemented with mucin before synthetic community assembly

facilitated substantial growth of the Bacteroides, Akkermansia,

and Clostridium genera. The results of 16S rRNA microbial

relative abundance profiling revealed more of the beneficial

microbes Collinsella, Bifidobacterium, Ruminococcus, and Lactobacillus.

This increased acetate levels in the community cultivated with,

rather than without (control), mucin. We identified differences in

predicted cell function and metabolism between microbes

cultivated in GAM with and without mucin. Mucin not only

changed the composition of the gut microbial community, but also

modulated metabolic functions, indicating that it could help to

modulate microbial changes associated with human diseases.

Keywords 16S rRNA gene sequencing ∙ Mucin ∙ Short chain

fatty acids ∙ Synthetic gut microbiome

Introduction

The human gut microbiota comprises a complex and diverse

microbial population that is integral to health maintenance [1,2].

Many diseases and disorders, such as inflammatory bowel disease,

obesity, and diabetes, are associated with changes in the intestinal

microbiota. Dysbiosis is a decrease in gut microbial diversity and

richness caused by an imbalance between commensal and

potentially pathogenic microorganisms [3-5]. Consequently, the

gut microbiota might be a target for treating dysbiosis-related

illnesses [6]. Models of dysbiosis such as cultivated human stool

samples in vitro have been investigated to determine how to

efficiently modulate the gut microbiota. However, the complexities

of the human gut microbiome with over 1,000 species of

microorganisms impose many limitations on such models [7].

Synthetic microbial communities comprising reduced and

simplified bacterial isolates can be controlled and manipulated,

thus overcoming such limitations [8].

Variations in the mucosal environment in the gut as a result of

diet and host mucin secretion comprise a dominant factor that

alters the gut microbial community [9]. Endogenously developed

mucins have an unbranched polypeptide center with several

oligosaccharide side chains. Populations in the human gut

microbiota can ferment mucin as a persistent carbon and energy

source [10]. This results in the release of short-chain fatty acids

Kwang Hyun Cha (�)
E-mail: chakh79@kist.re.kr

Cheol-Ho Pan (�)
E-mail: panc@kist.re.kr

1Natural Product Informatics Research Center, KIST Gangneung Institute
of Natural Products, Gangneung 25451, Republic of Korea

2Department of Microbiology, Parasitology, and Biotechnology, College of
Veterinary Medicine and Biomedical Sciences, Sokoine University of
Agriculture, Morogoro P.O. Box 3019, Tanzania

3SACIDS Foundation for One Health, College of Veterinary Medicine and
Biomedical Sciences, Sokoine University of Agriculture, Morogoro 25523,
Tanzania

4Department of Science and Laboratory Technology, Dar es Salaam
Institute of Technology, Dar es Salaam 11000, Tanzania

5Division of Bio-Medical Science and Technology, KIST School, Korea
University of Science and Technology, Seoul 02792, Republic of Korea

This is an Open Access article distributed under the terms of the Creative
Commons Attribution Non-Commercial License (http://creativecommons.
org/licenses/by-nc/3.0/) which permits unrestricted non-commercial use,
distribution, and reproduction in any medium, provided the original work is
properly cited.



64 J Appl Biol Chem (2022) 65(1), 63−74

(SCFAs) with fewer complex carbohydrates that form part of the

microbial food chain. Therefore, to determine the role of mucin in

microbial community dynamics and interactions requires further

investigation. Although these relationships have been considered,

they are based primarily on whole human fecal content, which is

difficult to analyze due to substantial contaminants in feces and

individual differences [11-13]. Previous studies have not considered

microbial community profiling using 16S rRNA gene sequencing,

or evaluated SCFAs, which are signaling molecules between the

gut microbiota and the host, with important implications for host

health [14].

Here, we applied a bottom-up approach to elucidate the impact

of mucin on the growth and abundance of individually cultured

and co-cultured bacterial isolates in a microbial synthetic community.

The release of SCFAs and predicted functional changes in a

microbial synthetic community cultivated with mucin supplementation

were evaluated to gain insight into the influence of mucin on the

gut microbiota.

Materials and Methods

Cultivation of individual bacteria

Considering the top 15 core bacterial genera in the human gut

microbiota, we recovered bacteria (Korean Collection for Type

Cultures (KCTC), Jeongeup-si, Korea and American Type Culture

Collection (ATCC) Manassas, VA, USA) [2] as described by the

suppliers. Supplementary Table SI shows more detailed information

about these bacteria. We identified 19 human gut isolates belonging

to 14 genera. Briefly, bacteria received from KCTC or ATCC as

colonies were collected using sterile loops and cultured for 18-24 h

in the recommended broth at 37 oC under anaerobic conditions in

mixed gas tanks containing 85% N2, 5% H2, and 10% CO2. Fresh

bacterial cultures in 50% sterilized and deoxygenized glycerol

were tightly sealed in cryovials and frozen at −80 oC for long-term

storage. We monitored the growth of single-use frozen stock

bacterial cultures thawed in an anaerobic chamber and cultured in

triplicate using tryptic soy agar (TSA), Gifu anaerobic medium

(GAM), brain heart infusion (BHI), and reinforced clostridial

medium (RCM; Table S2). Single bacterial cultures were maintained

in triplicate at 37 oC for 18-24 h. Culture suspensions from 96-

DeepWellTM plates were mixed by pipetting, and fractions were

removed, slowly shaken for 5 s, then optical density (OD) was

measured using a microplate reader. All media (MB Cells, Seoul,

South Korea) were prepared as described by the manufacturers,

and all other chemicals, unless stated otherwise, were purchased

from Sigma-Aldrich (St. Louis, MO, USA). We added 2 or 4 g/L

of porcine gastric mucin (M1778) to GAM then dissolved it in

distilled water at pH 7.0-7.2 to obtain GAM with low (MU2) and

high (MU4) mucin, respectively. The control was GAM without

mucin (MU0). L-cysteine hydrochloride (0.5 g/L) was added to

BHI medium, and TSA was supplemented with 5% defibrinated

sheep blood and hemin menadione supplements A and B, as

recommended by the manufacturer. All liquid reagents, media,

and materials were deoxygenated in an anaerobic chamber for at

least one day before starting experiments.

Preparation of synthetic microbial communities

We thawed 50% glycerol stocks of each species from −80 oC,

inoculated them (2%) into 10 mL of GAM and incubated them at

37 oC under anaerobic conditions overnight. These were passaged

three times in GAM to obtain a steadily growing starter culture for

synthetic microbial community assembly and cultivation. The

optical density of the individual cultures was measured as described

above, then inoculated as described with slight modifications to

create synthetic microbial communities [15]. Each culture was

diluted to 0.01 OD600 in MU0, MU2, and MU4 media, then mixed

in equal proportions (1:1 v/v) to construct a synthetic microbial

community. Thereafter, 1 mL was dispensed into two 96-

DeepWellTM plates in quadruplicate. One plate with inoculated

cultures served as the control or day zero (D0) and was immediately

frozen at −80 oC. The experimental plate was incubated at 37 oC

under anaerobic conditions for one day (D1). One-day-old

cultures were diluted 1:20, then transferred to fresh medium. The

remaining volume (~950 µL) was immediately frozen at −80 oC.

These transfers were on days 2 (D2) and 3(D3). The total initial

OD of the synthetic microbial community was 0.01 OD600 × n,

where n represents 19 strains in the synthetic microbiome consortium.

At the end of D3, ~950 µL of the cultures stored at −80 oC were

thawed at room temperature, then genomic DNA was extracted

from 600 µL, and SCFAs were analyzed in ~350 µL.

16S rRNA gene sequencing

Genomic DNA was extracted using PowerFecal DNA Kit

(QIAGEN GmbH, Hilden, Germany), and the 16S rRNA genes

were amplified using Illumina-adapted universal primers 341F/

805R for the V3-V4 region (Illumina Inc., San Diego, CA, USA).

The polymerase chain reaction (PCR) products were purified and

quantified using AMPure XT beads (Beckman Coulter Genomics,

Danvers, MA, USA) and Qubit dsDNA high-sensitivity reagent

(Invitrogen; Carlsbad, CA, USA), respectively. We sequenced

DNA using the MiSeq platform and paired-end 2×300 bp reagent

kits (Illumina Inc.). The 16S rRNA gene sequences in the present

study were deposited in the Sequence Read Archive (Accession

No. PRJNA812367). Demultiplexed sequences were assembled

and quality-filtered using quantitative insights into microbial

ecology (QIIME 2) v. 2019.7 [16]. A naïve Bayes classifier was

trained using the V3-V4 16S rRNA region, 341/805R primer set,

and a Greengenes 99% reference set v. 13.8. Each sequence was

assigned to the corresponding taxonomy using the trained feature

classifier with default settings in QIIME 2. Subsequently,

microbes were analyzed using MicrobiomeAnalyst [17]. The α-

diversity was calculated using Chao and Simpson indices. Non-

metric multidimensional scaling (NMDS) plots were generated
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from Bray-Curtis dissimilarity to visually represent compositional

differences among the microbiota. Subsets of taxa (genus level)

that were highly discriminative of the types of communities in

GAM containing mucin and the incubation period were selected

using Random Forest, a supervised learning method for

classifying human microbiome data [18].

Quantitation of SCFAs

All processes, from sample preparation to gas chromatography

flame ionization detector (GC-FID) analysis were proceeded as

described [19]. Briefly, frozen samples (100 μL) were thawed and

diluted 300-fold in water, then vortex-mixed with 40 μL of 50%

sulfuric acid at room temperature for 5 min. Thereafter 40 μL of

1% 2-methyl pentanoic acid internal standard and 400 μL anhydrous

ethyl ether were added, and the mixture was centrifuged at 14,000

× g for 10 min. The upper ether layer was further analyzed.

Volatile free acid mix (Sigma-Aldrich Corp.) was the SCFA

standard for quantifying acetate, propionate, and butyrate using a

GC 450 GC-FID (Bruker Biospin Corp., Billerica, MA, USA)

equipped with fused NukolTM silica capillary columns (30 m ×

0.25 mm, 0.25-μm film thickness). The temperature of the oven

was 170 oC and that of the FID and injection port were 225 oC.

Nitrogen was the carrier gas and the sample injection volume was

2 μL.

PICRUSt analysis of predicted metabolic functional potential

of co-cultures

We inferred putative functional metagenomes from 16S rRNA

gene sequence profiles using phylogenetic investigation of communities

by reconstruction of unobserved states (PICRUSt) [20]. This tool

adapts operational taxonomic units (OTUs) with Greengenes IDs,

thus we selected OTUs after referencing the May 2013 Greengenes

database. The relative abundance of each functional pathway was

obtained for each sample, and non-microbial functional pathways

in the “Organismal Systems” and “Human Diseases” categories

were excluded from downstream analysis. We determined metabolic

features that were differentially abundant between groups using

linear discriminant analysis effect size (LEfSe) with α =0.05 and

a linear discriminant analysis (LDA) score of ≥2 [21].

Statistical analysis

All grouped data were statistically analyzed using GraphPad

Prism 8.4.0 (GraphPad Software, La Jolla, CA, USA). Statistical

significance was determined using one-way or two-way analysis

of variance (ANOVA) and corrected for multiple comparisons

with control groups using Sidak tests. A phylogenetic tree was

built using the neighbor-joining (NJ) method and MEGA X

software (MEGA Inc., Englewood, NJ, USA) [22]. Bootstrap

values (%) based on 1,000 replicates are indicated at nodes.

Fig. 1 Schema of study. (A) Media selection by inoculating bacteria into each medium and incubating them for 18-24 h. Bar graph shows endpoint

absorbance (OD600). Line graph shows each bacterial species growth as cultured in selected medium containing mucin with time (h). Co-cultivated

synthetic microbial communities containing bacteria mixed in equal proportions were serially transferred after 24 h into fresh medium at a dilution

factor of 1:20. (B) Samples of cultivated microbial community (n =12/medium/day) were collected for microbial profiling (heat map) while histogram

shows short-chain fatty acid profiles. (C) Genetic distances between 16S rRNA gene sequences of the gut microbiota selected. Phylogenetic tree was

analyzed by neighbor-joining method using MEGA X. Red, Firmicutes; light yellow, Proteobacteria; pink, Verrucomicrobia; green, Actinobacteria;

blue, Bacteroidetes
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Microbial data were processed using MicrobiomeAnalyst [17].

Results and Discussion

General properties of the microbial consortium

The main objective of this study was to determine the impact of

mucin on gut microbial ecology by profiling synthetic gut microbial

communities, quantifying SCFAs, and predicting metabolic

functional potential. Figure 1 shows the experimental setup.

Bacteria were cultivated in triplicate in 14-mL tubes then the

endpoint OD was measured to select the optimal culture medium

(Fig. 1A; bar graph). Mucin was added to the selected medium

and the OD was measured at different time points (Fig. 1A; line

graph). Bacteria were co-cultivated by serial transfers to fresh

media at 24 h intervals. Profiled microbial communities are shown

as a heat map and SCFAs were quantified (Fig. 1B). Serial

transfers at a 1:2 ratio could represent colonic transit time, which

influences the composition, diversity, and function of the human

gut flora [23,24]. We selected 19 gut microbial species (Firmicutes

n =8; Bacteroidetes n =6; Proteobacteria n =1; Actinobacteria

n =3; Verrucomicrobia n =1; Fig. 1C) from the top 15 genera that

inhabit healthy human feces [2]. These are key bacterial strains

with different degrees of importance that play various roles in

human gut microbial community function and host biology [25-

27].

We initially focused on selecting the optimal culture medium to

establish artificial microbial communities. We assessed the growth

of each bacterial species in TSA, GAM, BHI, and RCM (Fig. 2).

Most bacteria grew robustly in TSA and GAM. Firmicutes tended

to grow optimally in RCM, whereas Bacteroidetes growth was

limited. GAM is widely recommended as a general medium for

the cultivation and isolation of several anaerobic bacteria

[13,28,29]. Because the fastidious Akkermansia could thrive in

GAM and the ratio of Firmicutes phyla, which are one of the

abundant phylum in human feces, was similar with that of

Firmicutes in GAM, we used GAM as co-cultivation medium,

which indicated that Bacteroidetes grow slightly more selectively.

Fig. 2 Comparison of bacterial growth in different media. All bacteria were incubated in triplicate for 18-24 h at 37oC in Tryptic Soy Agar (A), Gifu

anaerobic medium (B), Brain Heart Infusion Broth (C) and Reinforced Clostridial Medium (D), then optical density was measured at 600 nm. Red,

Firmicutes; light yellow, Proteobacteria; pink, Verrucomicrobia; green, Actinobacteria; blue, Bacteroidetes
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Mucin increased the growth of Bacteroides and Akkermansia

Before synthetic microbial community assembly, the effect of

mucin on the growth of each strain was investigated by cultivating

individual bacteria in GAM with or without (control; MU0) mucin.

Cultivation in GAM with low (MU2) and high (MU4) mucin

significantly increased the growth of Bacteroides, Parabacteroides,

Clostridium, and Akkermansia (Fig. 3). This finding suggested

that these groups of bacteria could directly utilize mucin or use

fragments produced during fermentation as growth substrates.

Mucin has been reported to support the growth of Bacteroides

fragilis [30] since Bacteroides spp. Have been known to contain

enzymes that actively degrade mucin protein [31,32]. Akkermansia

also degraded mucin in this study.

Unlike Clostridium, the growth of other representatives of

Firmicutes and Proteobacteria phyla were not significantly

changed in medium containing mucin. This is due to the fact that

various enzymes are required to break down the complex structure

of mucin [33]. This implies that only a few species have the

enzymatic capacity for initiating partial or full mucin degradation

[30,34]. Bifidobacteria are common inhabitants of the gastrointestinal

tract and have attracted interest as they promote health in humans.

However, they have different abilities to degrade mucin glycan.

For example, B. bifidum was reported to degrade mucin glycans,

unlike the B. longum subsp. infantis and B. breve used herein

[35,36].

Mucin altered microbial composition of a synthetic microbial

community

The effects of mucin were determined on the synthetic microbial

community consortium comprising co-cultures of all bacteria that

were cultivated individually. Cells were collected at the start of the

experiment (D0), and on days 1 (D1), 2 (D2), and 3 (D3) after

inoculation, then the 16S rRNA gene was sequenced to obtain

4,067,529 quality reads. Among the 19 bacteria comprising the

synthetic microbial consortium, 17 were accurately matched at the

genus level using the Greengenes database, whereas Clostridium

nexile and Escherichia coli were respectively mismatched as

Dorea (genus) and Enterobacteriaceae (family) (Table S3). This

might have been because the Greengenes database cannot

accurately identify these bacteria [37]. However, nine bacteria

were accurately identified at the species level. Excluding the

Verrucomicrobia and Actinobacteria phyla, co-cultures in GAM

without mucin (MU0) over time were dominated mainly by the

Bacteroidetes, Firmicutes, and Proteobacteria phyla (Fig. 4A).

Fig. 3 Effects of mucin on individual bacterial species inoculated into different media. Optical density was measured to determine bacterial growth at

different time points. Significantly different bacterial species. (*p <0.05 vs. control; two-way ANOVA and Sidak multiple comparisons tests; n =3 per

group)
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The Random Forest classifier showed that some genera, such as

Bacteroides, Prevotella, and Coprococcus, tended to become

more abundant during a longer incubation (Fig. 4B).

The NMDS plot as a β-diversity estimator (distance method:

Bray-Curtis distance matrix) showed clear clustering into four

distinct groups based on the incubation period (Fig. 5A). The α-

diversity values (Chao and Simpson indices) were computed for

co-cultures incubated with low or high mucin. The Chao species

richness estimator was statistically significant between the MU0

and MU4 groups at D2 and D3 of incubation (Fig. 5B), whereas

the Simpson index was not (Fig. 5C). The shifts in bacterial

richness between bacterial communities cultured in GAM with or

without mucin indicates that mucosal mucin plays a key role in

shaping the human gut microbial population [38].

A NMDS plot further confirmed the role of mucin in shaping

the gut microbial population. The microbiota clustered based on

the presence or absence of mucin (Fig. 6A). This result is in

agreement with those of previous studies showing that mucins

contain galactose, mannose, and N-acetylglucosamine, which can

be utilized by gut microbes as a source of carbon and energy

[39,40]. Mucin residues are also metabolized by gut bacteria [41].

Therefore, the absence of mucin in the microbiota environment

might lead to carbon starvation, which could lead to a loss of

species richness and diversity and vice versa, as found herein.

Yang et al., assessed the effect of major nutrients on gut microbial

metabolism, and emphasized the importance of mucin in gut

bacterial metabolism [12]. The beneficial bacteria Collinsella,

Bifidobacterium, Ruminococcus, and Lactobacillus were more

Fig. 4 Microbial abundance over time. (A) Pie chart show variations in species abundance and composition at genus level in bacteria incubated for 3

days (D0-D3) in MU0 (n =12). Feature importance scores for top 14 genera in Random Forest classifier, in which mean decrease accuracy indicates

accuracy of predicted abundance of each genus over time. (B) Genera Bacteroides, Prevotella, and Coprococcus increased over time



J Appl Biol Chem (2022) 65(1), 63−74  69

abundant than gut inflammation-related bacteria such as Escherichia

in GAM containing mucin (Fig. 6B, C). Our results indicated that

mucin can reduce Escherichia, which is a common factor in

human diseases [42].

However, these results differed slightly from those of the

individual cultures, where mucin only increased the growth of

Bacteroides, Clostridium, and Akkermansia (Fig. 3). Comparatively,

these findings revealed unique microbial interactions that might

have originated from competition for resources and space or the

production of toxic waste products [43]. The respective increase

and decrease in the abundance of Bacteroides in the single

bacterial culture and co-culture with the microbial consortium in

GAM containing mucin, might be due to microbial interactions

that negatively influenced Bacteroides growth in the synthetic

microbial community consortia.

Mucin supplementation increased acetate

The major SCFAs (acetate, propionate, and butyrate) were

measured during synthetic microbial cultivation (Fig. 7). The

control (D0) was excluded from SCFA analysis because it was

immediately frozen without incubation; hence, SCFA was probably

not produced. Overall, propionate significantly increased in MU0

over time (Fig. 7A). Bacteroides, Prevotella, and Veillonella were

more abundant in MU0, than in MU2 and MU4 media (Fig 6B).

The increase in propionate in MU0 medium from D1 to D3

correlated with the increased abundance of Bacteroides, Prevotella,

and Veillonella, which are known propionate producers [44].

Considering the MU2 and MU4 groups, the results indicated a

meaningful impact of mucin on acetate production (Fig. 7B).

Acetate is a net fermentation product for most gut anaerobes, and

it is also produced by reductive acetogenesis. The concentration of

acetate is almost always the highest among SCFAs in the gut

lumen. The present findings are consistent with this, since adding

mucin to the media significantly increased acetate more than the

other analyzed SCFAs. Acetate affects colon cancer cell viability

in vitro [45,46] and reduces cancer cell growth in the liver in vivo

[47]. Furthermore, acetate promotes colon cancer cell mortality

when combined with propionate, and even more so at a lower pH

[48]. Therefore, mucin could lead to increased acetate levels, and

promote gut health. This increase in acetate could be attributed to

the increased abundance of Bifidobacterium and Collinsella (Fig.

6B, C), which are representative acetate producers that prefer

mucinous environments [49,50]. The reduced abundance of

Bacteroides in MU2 and MU4 led to a significant decrease in

propionate, while butyrate remained unchanged. Akkermansia

muciniphila flourished during the early stage of co-cultivation in

GAM containing mucin, then disappeared from the synthetic gut

microbial ecosystem. This could be attributed to the limitation of

liquid culture, since fastidious A. muciniphila might not thrive

against competing mucin-degrading bacteria in the absence of a gel-

like mucosal environment in which this species bacteria might thrive

and colonize [51]. Acetate was the predominant SCFA, followed by

propionate and butyrate. This is consistent with the findings of

regular human fecal samples [52]. However, the SCFA profiles were

slightly inconsistent over time. Such a shift in SCFA production in

the fermentation system might be caused by changes in the

proportions and diversity of bacterial species during cultivation in

vitro, indicating the limitations of long-term batch cultivation.

Fig. 5 Microbial diversity analysis over 3 days. (A) β-diversity: non-metric multidimensional scaling (NMDS) where samples cluster based on

incubation for 3 days (n =12). (B) α-diversity: Chao 1 species richness and (C) Simpson diversity index show variations in bacterial richness and

diversity when cultured with mucin for 3 days. *p <0.05 and †p <0.01, one-way ANOVA; n =12)
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Fig. 6 Effects of mucin on the bacterial abundance in the synthetic gut microbial consortium. Non-metric Multidimensional Scaling (NMDS) plot of

microbial community based on mucin supplementation. Samples from day 0 are clustered in a circle with thick black line (A). Frequency of species

detection by Random Forest machine learning classifier showed variation in microbial species (B). Heatmap, where individual rectangles indicate

species abundance in respective media: MU0, MU2, and MU4) after incubation for 3 days (D1, D2, and D3) (C)
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Mucin modulated the functional potential of the synthetic gut

microbial consortium

The predicted functional potential of the microbial communities in

co-cultures was investigated using PICRUSt v. 1.0.0. The results

showed greater functional ability of the entire microbial consortium

at the start of the study, when more distinct functional pathways

were abundant on D0 than on D1, D2, and D3. This is reasonable,

as the interactions between bacteria were still limited, and most

bacteria still functioned as individual cells immediately after

mixing and before the start of fermentation. However, the functional

capabilities of the community varied greatly as fermentation

progressed over several days (Fig. 8A). This might be due to

variations in microbial abundance over time (Fig. 4A). As some

genera were eliminated, their collective functions in the microbial

consortium might also disappear, as predicted by PICRUSt. This

finding suggests that a reduction in microbial richness could result

in loss of the entire functional capacity of the gut microbiota, thus

leading to dysbiosis and related human diseases with an increase

in potentially pathogenic bacteria such as Escherichia. Yet, mucin

can improve microbial richness and diversity (Fig. 5B) by

reducing Escherichia and increasing beneficial bacteria (Fig. 6B,

C), increasing acetate levels (Fig. 7B), and improving microbial

functionality (Fig. 8B).

Functional pathways substantially differed between the communities

cultivated in GAM with or without mucin. The genetic information-

processing pathway was significantly upregulated in the mucin

group. This could be attributed to the cooperative action of the

enzymes encoded by the genomes of mucin-degrading bacteria

[33]. Since mucin is both a niche and carbon source for mucin-

degrading bacteria, mucin supplementation could facilitate their

increased growth and cell division, resulting in upregulated DNA

replication and repair pathways [33]. In addition, mucin increased

key cellular processes related to energy metabolism, including

amino acid metabolism and fatty acid biosynthesis, and repair

processes, including DNA, mismatch, and nucleotide excision

repair. Thus, based on our findings in vitro, we postulated that

mucin in the gut influences not only the microbial community, but

also the subsequent functional roles of the colonic microbiota by

increasing their richness and diversity.

Overall, this study systematically characterized the effects of

mucin on the human gut microbiota in vitro using 16S amplicon

sequencing, SCFA profiling, and predicting functional potential.

We developed a synthetic gut microbial consortium of 19 species

and applied it to systematically demonstrate the effect of mucin on

the gut microbial population and function. Mucin significantly

affected the gut microbial community and associated functions,

indicating an increase in beneficial microbes, acetate levels,

upregulated DNA replication, and energy metabolism pathways.

Our findings showed that the effects of mucin on the gut

microbiota can be determined from a bottom-up approach using

minimal gut bacterial communities. This approach can also be

applied to screen the effects of functional foods and other

materials on gut microbiota modulation to improve health.
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