
 

 

저 시-비 리- 경 지 2.0 한민  

는 아래  조건  르는 경 에 한하여 게 

l  저 물  복제, 포, 전송, 전시, 공연  송할 수 습니다.  

다 과 같  조건  라야 합니다: 

l 하는,  저 물  나 포  경 ,  저 물에 적 된 허락조건
 명확하게 나타내어야 합니다.  

l 저 터  허가를 면 러한 조건들  적 되지 않습니다.  

저 에 른  리는  내 에 하여 향  지 않습니다. 

것  허락규약(Legal Code)  해하  쉽게 약한 것 니다.  

Disclaimer  

  

  

저 시. 하는 원저 를 시하여야 합니다. 

비 리. 하는  저 물  리 목적  할 수 없습니다. 

경 지. 하는  저 물  개 , 형 또는 가공할 수 없습니다. 

http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/


I 

 

I 

  

보건학석사 학위논문 

 

 

The effect of attenuation of symptoms mediated 

administration of Clostridium hylemonae DSM 15053 

in Clostridioides difficile infection with animal study 

 

동물실험 모델에서의 클로스트리디움 하일리모네 균주 투여에 

따른 클로스트리디움 디피실 감염의 증상 완화 효과 

 

 

2021년 2월 

 

 

 

서울대학교 보건대학원 

환경보건학과 환경보건학 전공 

최수은 



 

 

 



 

 

 

 

Abstract 

 

 

The effect of attenuation of symptoms mediated 

administration of Clostridium hylemonae DSM 15053 

in Clostridioides difficile infection with animal study 

 

 

Sueun Choi 

  Dept. of Environmental Health 

The Graduate School of Public Health 

Seoul National University 

 

  

 

Clostridium difficile infection (CDI) is the first cause of healthcare 

associated diarrhea in both Europe and the USA, causing between 15,000 and 

30,000 deaths annually. Antimicrobial use cause suppression of the intestinal 

microbiota, thereby impairing colonization resistance and allowing C. difficile 

to infect the gut. It is, therefore, necessary for researchers to find specific 

bacterium that helpful for recovery of the intestinal microbiota of individuals  



 

 

with CDI. 

Therefore, this study aimed to verify the inhibitory effect of specific 

bacteria on CDI in animal study and to determine the underlying mechanism 

associated of the inhibitory effect. 

Through previous studies, several strains which had a negative correlation with 

C. difficile were identified. Among the strains, C. hylemonae DSM 15053   

which has bile acid inducible gene (bai operon) like C. scindens KCTC 5591 

was selected. 

Using a workflow involving mouse model, we identified significant 

inhibitory effects in group administered with C. hylemonae DSM 15053 by 

observing mortality rate, body weight loss, and clinical score etc. 

Also, using Microbiome analysis and Metagenomic analysis, difference in 

microbiota diversity and richness and metabolite pool between C. hylemonae 

DSM 15053 group and Phosphate buffer salins (PBS) group was observed. 

Among variety of taxas, g_Bacteroides and g_Escherichia/shigella, 

Clostridium XIVa showed high abundance in the C. hylemonae DSM 15053 

group and were negatively correlated with C. difficile copies. Predicted 

pathway associated with the taxas were observed as well in the study.  

Considering all this, we concluded that the inhibitory effect of C. hylemonae 

DSM 15053 on C. difficile infection might be coming from the recovery of 

intestinal microbiota dependent fashion.  

These findings provide a clue to confirm the inhibitory effect of C. 



 

 

hylemonae DSM 15053 administration on C. difficile infection and associated 

mechanism. 
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I. Introduction 

Clostridium difficile is a spore-forming, Gram-positive, Anaerobic 

bacterium that was identified as cause of antibiotic-associated 

pseudomembranous colitis in 1978 (Bartlett, 1979; Saleh et al., 2019). It is the 

most prevalent cause of Nosocominal infectious diarrhea in antibiotic-treated 

patients. Infection with C. difficile can lead to a broad range of clinical 

outcomes, including asymptomatic colonization, mild diarrhea, severe pseudo-

membranousoi colitis and toxic megacolon. 

According to the Centers for Disease Control and Prevention,  

C. difficile caused almost 500,000 infections and 29,000 deaths annually in the 

United States (Lessa et al., 2015; Kociolek et al., 2016). In Korea, from 1998 

to 2007, the incidence of CDI increased from 0.019% to 8.82% (Kim et al., 

2013). It is necessary to study CDI and identify therapeutic targets to prevent 

CDI associated disease. 

There are variety of the Factors that cause CDI including heredity, 

diet, age, etc. (Reed et al., 2020; Fujisaka et al., 2018). But the continued use 

of antibiotics during hospitalization and the collapse of the healthy gut 

microbiota are considered to be the major factors. It has been reported that 

outbreak of CDI and its symptoms are derived from dysbiosis of intestinal 



 

 

microbiota (Bien et al., 2013; Burch et al., 2015). In antibiotic-treated 

individuals, C. difficile spores can germinate, replicate as vegetative bacteria 

and produce exotoxins including TcdA and TcdB, which are the major virulence 

factors for C. difficile (Leslie, et al., 2019). TcdA and TcdB are large multi-

domain proteins, which inactivate cellular rho family GTPases via the addition 

of a glucose molecule. Inactivation of these key regulatory proteins in epithelial 

cells results in disruption of tight junctions and increased para-cellular flow that 

leads to cell death.  

Different mediators, Secondary bile acids (SBAs) are derived from 

primary bile acids (PBAs) through biosynthetic capabilities of microbes (Buffie 

et al., 2015). SBAs play an important role in spore germination and growth of 

C. difficile together with gut microbiota. Among the SBAs, Deoxycholic acid 

(DCA) and Lithocholic acid (LCA) are known to play an inhibitory role against 

C. difficile growth (Thanissery et al., 2017). But only few bacteria from the 

Lachnospiraceae and Ruminococcaceae families perform the subsequent 7a-

dehydroxylation of Cholic acid (CA) and Chenodeoxyxholic acid (CDCA) to 

generate DCA and LCA, the two most common SBAs (Stellwag et al., 1978; 

Kakiyama et al., 2013). Therefore, understanding the SBAs produced by the 

commensal bacteria together with the gut microbiota is necessary to reduce CDI. 

In this study, we aimed to identify specific bacteria with CDI 

inhibitory effect on CDI and to find mechanism associated with the effect 

through a diverse analysis. In previous studies, through LEfSe analysis, several 



 

 

bacteria having a negative correlation with C. difficile were I dentified. 

Among of them, C. hylemonae DSM 15053 which is known for a bile acid 7a-

dehydroxylating intestinal bacterium having a gene family responsible for 

secondary bile acid biosynthesis (bai operon) was selected (Ridlon et al., 

2010; García-Cañaveras et al., 2012). 

As we mentioned before, SBAs play an important role in spore 

germination and growth of C. difficile. C. scindens KCTC 5591 is well known 

for a bile acid 7a-dehydroxylating intestinal bacterium as well. In fact, in 

previous study, buffie et al discovered that C. scindens KCTC 5591 has 

inhibitory effect on CDI by converting PBA s into SBAs. Thereby, we 

speculate whether the C. hylemonae DSM 15053 has inhibitory effect on CDI  

or not.   

Therefore, we conducted the CDI animal experimental model (Shao 

et al., 2019). and confirmed the CDI inhibitory effect of C. hylemonae DSM 

15053 in this study. Also, to find the clues necessary to reveal the mechanism 

for inhibitory effect, we conducted gut microbiota analysis and gut metabolome 

analysis and observed difference of microbial diversity and richness between 

the group and identified the abundance and predicted function of specific 

bacterial taxa, such as g_Bacteroides and g_Escherichia_Shigella, 

g_Clostridium_XIVa having negative correlation with C. difficile in the group 

of C. hylemonae DSM 15053 with a CDI inhibitory effect.  



 

 

II. Materials and Methods 

 

1. Culture condition of bacteria 

 
Bacteroides ovatus, C. scindens KCTC 5591 and C. hylemonae DSM 

15053 isolated from Korean feces were used as CDI inhibitory strains. B. ovatus 

was cultured in Brain heart infusion medium supplemented with 5% fetal 

bovine serum (BHIF).  

C. scindens KCTC 5591, C. hylemonae DSM 15053 were cultured in GAM 

(Gifu Anaerobic Medium) Broth Modified. Since all strains were anaerobic 

bacteria, they were inoculated in an anaerobic chamber (Coy Laboratory 

Products) containing a mixture of 5% H2 and CO2 in N2, as described 

previously with some modifications (Cocolin et al., 2004). and incubated at 37 ° 

C for 24 hr. Single colonies were picked using sterile loops and inoculated into 

broth media and activated twice. 109cells were used for the animal experiment. 

 

 

 

 

 

 

 



 

 

2. Sporulation of C. difficile 

C. difficile ATCC 43255 is adjusted to an OD value of 0.2 in broth 

and 100 μl of C. difficile ATCC 43255 is plated on SMC medium (90 g Bacto 

peptone, 5 g protease peptone, 1 g NH4SO4, 1.5 g Tris base, and 15 g agar per 

liter).  

After culturing at 37 °C for 7 days, all of the colony is scraped off and 

suspended in 1 ml of colod 1x PBS in a 1.7 ml tube. Store in this state at 4 °C 

for 24 h.  After that, Spin down at 14000 rpm for 1 minute. Remove 

supernatant, wash with 1 ml of cold PBS, and spin down at 14000 rpm for 1 

minute. After removing the supernatant, add 1 ml of 70% ethanol and store for 

1 h for removing vegetative C. difficile ATCC 43255. Spin down at 14000 rpm 

for 1 minute. Remove the supernatant of 70% ethanol and wash with 1 ml of 

sterile cold PBS. Store at -80 ° C until use (Edwards et al., 2013). 

 

 

 

 

 

 

 

 

 



 

 

3. Murine C. difficile infection time-course experiment 

Mouse experiments were performed with C57BL/6 female 6 week 

old mice purchased from Orient Bio Inc. (Seongnam, Korea). All mice were 

maintained in a specific-pathogen-free facility at Seoul National University 

Hospital Biomedical Research Institute. Animal experiments were performed 

following Seoul National University Hospital Biomedical Research 

Institutional guidelines and approved by the institution’s Institutional Animal 

Care and Use Committee (IACUC). Four mice were randomly assigned to each 

cage in consideration of body weight and standard deviation, and the 

experiment started after a week of stabilization. 

Animal experiments followed the most widely used conventional methods. 

7 week old mice were fed an antibiotic cocktail containing kanamycin (0.4 

mg/mL), gentamicin (0.035 mg/mL), colistin (850 U/mL), metronidazole 

(0.215 mg/mL), and vancomycin (0.045 mg/mL) for 3 days. After 48 hr, 

replacing the antibiotic cocktail with normal drinking water, Two inhibitory 

strains (109 c.f.u./mouse) were orally administered at 12 hr intervals over the 

course of two time. 24 hr after the final oral administration, 200 μl  of 

clindamycin was intraperitoneally (IP) administered at the same day. 

Finally, C. difficile spores of 103 were administered orally 24 hr after the final  

administration of clindamycin IP. Weight loss and mortality and clinical score 

after spore infection were measured at 24 hr intervals over the course of 8 days. 

In order to investigate microbiome and metabolome changes, we conducted 



 

 

mouse fecal sampling at five time points. Fecal samples were collected at the 

following time points: at the pre-antibiotic treatment, immediately post anti-

biotic treatment has concluded, after treatment with candidate inhibitory 

strains, after Clindamycin IP administration and C. difficile spore infection. 

Fecal samples were collected in a sterile tube on a clean bench to prevent 

contamination and stored at -80 °C until analysis (Edwards et al., 2013). 

 

4. Measurement of clinical score 

During the entire post infection period, daily clinical score of each 

mouse was recorded. The sum of all parameter scores was considered the final 

clinical score and ranged from 0 (normal) to 15. Moribund mouse was 

sacrificed. Dead mouse was assigned a score of 15 (Cocolin et al., 2004). 

 

5. Measurement of C. difficile c.f.u. and toxin A&B 

Feces were weighed and dissolved in 1 ml PBS buffer in an anaerobic 

chamber. The diluted solution was then inoculated on C. difficile selective agar 

(Biomeriex) and incubated at 37°C for 48 hr. After counting, the number of 

cells was corrected by considering the weight of the stool. C. difficile toxin A 

and B were quantified using C. difficile TOXIN A/B II ELISA kit (Techlab, 

Blacksburg, VA, USA). 



 

 

6. PCR assay of baiCD 

Polymerase chain reaction assay Signature DNA from bile acid 7a-

dehydroxylation bacteria was amplified in a 0.5 ml tube containing 50 Al PCR 

reaction mix, DNA (200 ng), primers (0.5 Amol/l each) and Platinum pfx DNA 

polymerase (0.6 units, Invitrogen Life Technologies, Carlsbad, CA). The PCR 

reaction mix contained 1 pfx Amplification Buffer, 1.5 mmol/l MgSO4, 5% 

DMSO, 10 Ag BSA, 950 Amol/l dNTPs (312.5 Amol/l each nucleotide) and 

brought to volume with sterile ultrapure H2O. DNA sample was denatured for 

2 min at 94 °C, followed by 35 cycles of 94 °C for 20 s, 52 °C for 30 s and 

69 °C for 90 s, and ending with a 10 min extension cycle at 68 °C. PCR products 

were separated by 1% agarose (SeaKem, FMC Bioproducts, Rockland, ME) gel 

electorphoresis in a Tris – acetate-EDTA buffer system, stained with ethidium 

bromide and visualized by UV excitation. Images were captured using 

Fotodyne Foto/Analyst Investigator system (Hartland, WI) and NIH Image 1.62 

software (Wells et al., 2003; Yoon, 2016). 

 

 

 

 

 

 

 



 

 

7. Quantification of concentration of Secondary Bile acids in vitro 

and metabolomics analysis 

Bacteria culture 1ml was used to quantification of concentration of 

SBAs. 

80% methanol was added at 1: 1 ratio to extract bile acids and metabolites in 

the sample. After sonication for 3 min and centrifugation at 13,000 rpm for 1 

min, the supernatant was filtered with 0.22 μm filter. The filtered sample 

metabolite solution was then evaporated in Speedback (Eppendorf, Germany), 

after which metabolites contained within the fecal sample, including bile acid, 

were obtained in a powder and stored at -80°C until analysis. 

Bile acid (CA, CDCA, LCA, DCA) separation was performed using an 

Acquity UPLC BEH C18 column (100 mm × 2.1 mm, 1.7 m) and Acquity 

UPLCTM system (Waters). The analysis conditions for chromatography were 

as follows: mobile phase A, water with 0.1% formic acid; mobile phase B, 

acetonitrile with 0.1% formic acid; injection volume, 2 μl. The time gradient of 

mobile phase B was from 5% to 90% in 15 min and the flow rate was 0.4 ml/min. 

Qualitative bile acids analysis was conducted using Waters Synapt G2-Si Q-

TOF mass spectrometer (Waters) equipped with an electrospray (ESI) probe 

and negative ionization mode with tofMRM mode. For the Synapt G2-Si QTOF, 

the following mass spectrometer parameters were applied: capillary, 25kV; 

source temperature, 100°C; sampling cone, 40; source offset, 80; desolvation 

temperature, 250°C; cone gas flow, 50 L/h; desolvation gas flow, 600 L/h; 



 

 

nebuliser gas flow, 6.5 Bar. The measured bile acid was quantified using 

QuanLynx of MassLynx program (Lopetuso et al., 2013). 

Supernatant metabolite measurement was performed in positive ionization 

mode and MSe scan mode using the same column and UPLC conditions. The 

mass range was set from 50 to 1200 Da and the scan time was set to 0.2 sec. 

The following mass spectrometer parameters were used: capillary, 2 kV; source 

temperature, 120°C; sampling cone, 40; source offset, 80; desolvation 

temperature, 400°C; cone gas flow, 50 L/h; desolvation gas flow, 600 L/h; 

nebuliser gas flow, 6.5 bar. All systems were controlled by MassLynxTM 

software 4.1 (Waters) (Wells et al., 2003). 

Intergroup metabolism analysis was carried out by transferring MassLynxTM 

software to the Progenesis QI software (Waters). A retention time window of 

0.20 min and mass tolerance of 1.0 ppm were set to align the compounds. Then, 

ANOVA p-value and max fold change were applied to filter compounds and 

then exported to EZinfo software (version 3.0.3.0) for principle component 

analysis (PCA).
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8. DNA extraction and 16s rRNA sequencing  

The gut microbiome was analyzed from mouse tissue samples 

(cecum). Cecum samples containing contents were homogenized using a Vortex 

Adaptor ((MOBIO Laboratories, Solana Beach, CA) with a PowerBead Tube 

(MOBIO) for 10min. Total DNA from cecum was extracted using the QIAamp 

FAST DNA Stool kit (Qiagen). 16S rRNA genes from total DNA of tissues were 

amplified using the 515F and 806R primers specific for the V4 region, as 

described previously (Deng et al., 2018). The PCR products were run on an 

agarose gel to confirm and purified with MO BIO UltraClean PCR Clean-up 

Kit (MOBIO, Carlsbad, CA). After that, products were quantified using the 

KAPA Library Quantification Kit (KAPA Biosystems, Woburn, MA) and ABI 

7300 (Applied Biosystems) machine. Every samples were pooled and 

sequenced on the Miseq (Illumina, San Diego, CA) 
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9. Sequence Analysis 

Sequences analyzed from Miseq were processed in QIIME platform 

(v1.8.0) (Ji et al., 2017). Sequence clustering was performed with 97% identity 

using a closed-method operational taxonomic unit (OTU) picking method. 

After alignment, taxonomy was assigned to each sample using the Ribosomal 

Database Project (RDP) classifier based on the Greengene database. Read 

counts from the OTU table were used for separating taxons to seven levels from 

kingdom to species and converted to relative abundance table for further 

analysis. 

 

10. Bioinformatics  

LDA effect size (LEfSe) (Vincent et al., 2015) analysis was 

performed to discover specific microbial biomarker and characterize 

statistically significant differences between groups. Web-based galaxy module 

was used for LEfSe analysis. In that process, the Kruskal-Wallis and Wilcoxon 

test were used and threshold of logarithmic LDA score was set to 3.0. 

Non-metric dimensional scaling (NMDS) analysis, which is used for 

comparing microbial community between samples, was performed using the 

vegan package in R. The dissimilarity within samples was calculated using 

Bray-Curtis distance method. The 2 (−△△𝐶T) method (△△CT=(CT,Target-

CT,Ref)treated-(CT,-TargetCT,Ref)control) was used (where CT is the 

threshold cycle) for calculating relative gene expression. 
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11. Statistical analysis 

All data were analyzed with Prism 9 (GraphPad Software, San Diego, 

CA). Statistical significance was measured using Mann-Whitney test when 

comparing two groups, two-way ANOVA with Bonferroni posttests comparing 

time course data. In all graphs, data were presented as mean ± sem. Statistical 

significance was given as * P-value <0.05, ** P-value < 0.01, *** P-value 

<0.001. 
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Table 1. Clinical scoring system for mice infected with Clostridium difficile 
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Day 0 Day 3 Day 5 Day 6 Day 7 

Antibiotics cocktail 
Clindamycin IP 

Bacteria  

Oral gavage x 2 

C. difficile c.f.u.  
Toxin A&B 

C. difficile  
Spore infection 

Day 4 

Sacrifice 

Stool sampling 

Body weight 
Survival rate 

Day14 

Stabilization 

1. Non-infection 

2. PBS  

3. C. hylemonae DSM15053 

4.   C. scindens KCTC 5591  
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Figure 1. CDI scheme for C57BL/6 mice.  

Mouse experiment was started with C57BL/6 mice by administered an antibiotic cocktail daily for 3 days. After antibody cocktail administration, isolated 

bacteria strains (109 ) were orally administered two time on day 5. Clindamycin is intraperitoneally administered at day 5. CDI was induced by oral 

administration of C. difficile spore (103) at day 6. Weight change and mortality, clinical score were measured for 8 days daily after the infection. The experiment 

was conducted into four groups. Stool sampling was performed at the time indicated by red color spot. 

 

 



 

 

III. Results  

 

1. C. hylemonae DSM 15053 attenuates clinical symptoms of CDI 

After inducing CDI, change in symptoms between groups were 

observed to evaluate the effect of CDI inhibitory strains. The priority phenotype 

including body weight loss, mortality, clinical scores were monitored for eight 

days after CDI daily (Fig. 1). As a result, a significant change in body weight 

was not observed for 24 hr after the infection, but weight of all groups decreased 

rapidly from 24 hr to 48 hr (Fig. 2a, 2b). Among the three groups  (PBS, C. 

scindens KCTC 5591, C. hylemonae DSM  15053) treated with the distinct 

inhibitory strain, the C. hylemonae DSM 15053 group only lost less than 7% of 

their weight.   

Meanwhile, The PBS group showed a 15% weight loss, and C. scindens KCTC 

5591 showed a 11% weight loss respectively. 

The mortality rate was also observed consistent with weight loss (Fig. 

2c). The first death occurred in the PBS group and C. scindens KCTC 5591 

group 48 h after infection, when rapid weight loss occurred. Afterward, death 

occurred in all group except the Non-infection group until six days after the 

infection.  

Taken together, 87.5% of survival rate was shown in C. hylemonae DSM 15053, 

and 68.7%, 50% of survival rate was shown respectively in  



 

 

C. scindens KCTC 5591, PBS group. 

A significant result was also found in the clinical score. After the 

infection with dramatic symptoms, the clinical scores on the 1,2,3,4 days after 

infection indicated that the PBS group showed severe symptoms than the other 

groups (Fig. 2d). On the 3,4 days after infection, there was a tendency to 

decrease, but compared to the C. hylemonae DSM 15053 group, the clinical 

scores were still high in the C. scindens KCTC 5591 and the PBS group. Mice 

in the C. hylemonae DSM 15053 group showed only mild diarrhea, ungroomed 

hair state symptoms and mice in the PBS and C. scindens KCTC 5591 group 

showed the rapid development of diarrhea, hunched posture and ungroomed 

hair thus elevated clinical scores compared to mice in the C. hylemonae DSM 

15053 group.  
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Figure 2. Mice body weight cha nge after CDI and survival change, clinical score 

All body weights were converted to % based on infectious body weight. (a) The difference in body weight between groups at 2days after CDI. (b) The change 

in body weight of the whole group for 8 days after CDI. (c) Mortality for 8 days after CDI. (d) The clinical score of the infectious mice for 4 days after CDI. 

(n = 8 to 16 per group), The Mann–Whitney test was used for comparisons of continuous variables between two groups with similar variances. * : P<0.05, ** : 

0.01.
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Figure 3. Mice survival change and measurement of C. difficile c.f.u. and toxin A&B 

Measured C. difficile (c.f.u./g) in the feces of 1day after CDI and 8days after CDI (a, b). Toxin A & B measurement in feces of 1day after CDI (c). (n =4 to 8 

per group) The Mann–Whitney test was used for comparisons of continuous variables between two groups with similar variances. * : P<0.05, ** : 0.01



 

 

2. C. hylemonae DSM 15053 inhibit growth, toxin expression of  

C. difficile 

The feces gathered at 24hr following infection were used to measure 

the abundance of C. difficile c.f.u. and toxin A&B titer. Same with weight loss 

and mortality, we found the significant statistical difference in toxin A&B titer 

between the groups (Fig. 3c). In addition, there was significant decrease in  

C. difficile c.f.u. on 24 hr after infection in the C. hylemonae DSM 15053 group 

compared to PBS group (Fig. 3a).  

Complete clearance of C. difficile is required for decrease of 

recurrence in CDI. Therefore, we measured the C. difficile c.f.u. on the 8days 

after infection, to identify the clearance of C. difficile in the C. hylemonae DSM 

15053 group. As a result, C. hylemonae DSM 15053 group shown the complete 

clearance of C. difficile and slight decrease was identified in C. scindens KCTC 

5591 group. on the other hand, PBS group still showed a high C. difficile c.f.u. 

compared to other groups. 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Figure 4. PCR result with baiCD specific primer 

All tested intestinal isolates were positive except B. ovatus which was used as negative control. PCR products were sequenced and identified as baiCD 

region via BLASTn.  



 

 

3. Confirmation of baiCD gene of C. hylemonae DSM 15053  

       There are several pathways that metabolize bile acid. Above all, 

7a-dehydroxylation is pointed out as a factor which correlated with CDI 

in several studies. The responsible enzyme is encoded in bai operon (bile 

acid inducible operon genes). Some tested strains were known for having 

the bai operon including C. scindens KCTC 5591. Specially C. scindens 

KCTC 5591 is known for having bai operon, and numerous studies have 

revealed that the strain has an inhibitory effect on CDI.  

In this study, to identify whether our tested strain, C. hylemonae DSM 

15053 has bai operon or not, we performed PCR assay with baiCD 

primer. As expected, C. hylemonae DSM 15053 was positive for baiCD 

same with C. scindens KCTC 5591 (Fig. 4). 

Although some of Bacteroides is known for having bai operon, it was 

observed that B. ovatus deosn’t have.  



 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 



 

 

Figure 5. Identification of Enzyme activity of baiCD gene  

Quantification of Primary bile acids and Secondary bile acids in the C. hylemonae DSM 15053 culture in yBHI broth with 0.01% CA, LCA. 

CA, Cholic acid; DCA, Deoxycholic acid; CDCA, Chenodexycholic acid; LCA, Lithocholic acid.  

The Mann–Whitney test was used for comparisons of continuous variables between two groups with similar variances. * : P<0.05, ** : 0.01.  



 

 

4. Enzymatic activity assay of baiCD of C. hylemonae DSM 15053  

through quantification of concentration of secondary bile acids. 

As we identified the inhibitory effect of C. hylemonae DSM 15053 

with animal study and existence of bai operon, we postulated that the 

inhibitory effect of C. hylemonae DSM 15053 comes from SBAs by the 7a-

dehydro-xylation of bile acids. To determine our assumption, the SBAs 

concentration of C. hylemonae DSM 15053 culture were quantified (Fig. 5).  

Some strains reduced C. difficile growth only when they were cultured with bile 

mixture by converting PBAs into SBAs. Thereby, inoculating the C. hylemonae 

DSM 15053 in yBHI broth with 0.01% Cholic acid, Chenodeoxycholic acid, it 

was cultured for 24 hr overnight and quantified thde concentration of SBAs in 

the culture. Unlike our expectation, DCA was rarely detected in 

C. hylemonae DSM 15053 and B. ovatus. LCA was detected as much as  

C. scindens KCTC 559, although there were also interindividual variations 

in the group. Meanwhile, the amount of PBA, conjugated bile acids such as 

Taurodeoxycholic acid (TDCA), Taurocholic acid (TCA), Ursodeoxycholic 

acid (UDCA), Tauroursodeoxycholic acid (TUDCA) were relatively high in the 

C. hylemonae DSM 15053 and B. ovatus shown the similar tendency with  

C. hylemonae DSM 15053. 
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Figure 6.  Comparison of microbial diversity 

The alpha diversity (Chao1, invSimpson, Simpson index) of analysis of microbiota in cecal contents of mice at 2days after CDI (a). Statistical significance 

analyzed by the Kruskal–Wallis test with Dunn correction for multiple comparisons (n = 4 to 8 per group). The beta diversity through PCoA plot showing the 

difference in terms of OTU in cecal contents of mice at 2days after CDI (b). (n = 4 to 8 per group) The Mann–Whitney test was used for comparisons of 

continuous variables between two groups with similar variances. * : P<0.05, ** : 0.01. 

 

 

 

 

 

 

 



 

 

5. Comparison of gut microbial diversity  

Gut microbial diversity analysis was performed to find the difference 

of gut microbiota structure associated with CDI inhibition of the administered 

strains. 

An alpha diversity was analyzed using the Chao 1, InvSimpson, Simpson index 

to measure species richness in the group (Fig. 6a).  

As a result of the alpha diversity measurements, it was identified that 

administration of C. hylemonae DSM 15053 triggered an increase in microbial 

diversity that was associated with resolution of intestinal disease such as CDI. 

Also, PCOA (Principal component analysis) analysis for beta diversity was 

conducted to verify there is difference of species diversity between the groups. 

Thus we identified there was slight difference of species diversity between the 

groups although there was inter-group difference in species richness (Fig. 6b). 

Meanwhile, the clustering of the C. hylemonae DSM 15053 group distinct from 

PBS group was observed (Fig. 6b) in beta diversity analysis result, the  

C. hylemonae DSM 15053 and the C. scindens KCTC 5591 group seemed like 

clustered into one group although there were interindividual variations in the 

group. 
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Figure 7. Comparison of dominant bacterial taxa at 2days after the CDI. 

LEfSe analysis using the cecal contents of all groups obtained from the C. hylemonaec DSM 15053 treated group and C. scindens KCTC 5591, PBS 

treated group (a). The difference of dominance taxa between the group respectively. (b), (c), (d) CH, C. hylemonae DSM 15053; CS, C. scindens KCTC 

5591; PBS, Phosphate buffer saline (p-value <0.05, LDA score > 2.0). 

 

 

  



 

 

6. Comparison of dominant bacterial taxa at 2days after the 

CDI. 

Next, we conducted LEfSe analysis to determine specific bacteria 

taxa that were differentially abundant between group (Fig.7). As a result, at 48 

hr after infection, we identified g_Escherichia_Shigella as the most 

differentially enriched genera associated with C. hylemonae DSM 15053 

compared to PBS, C. scindens KCTC 5591 group. On the other hands, in PBS 

group, high population of g_Enterobacter, uc_g_Erysiperotricaceae were 

identified while C. scindens KCTC 5591 group shown the high population of 

g_Lactobacillus compared to other group. 

We additionally conducted analysis to compare the dominant 

bacterial taxa in the group. The result of analysis between C. scindens KCTC 

5591 and C. hylemonae DSM 15053 shown that g_Proteus, 

g_Erysiperotricaceae, g_Lactobacillus were enriched in C. scindens KCTC 

5591 group relatively. 

Also in the C. hylemonae DSM 15053 group, g_clostridium_XIVa were high 

population compared to C. scindens KCTC 5591. Meanwhile, in case of 

analysis between C. hylemonae DSM 15053 and PBS group, g_anaerovorax 

were identified high population in C. hylemona DSM 15053 group. And 

g_Entrobacter, g_Anaerotruncas were enriched in PBS group compared to 

other group. 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Figure 8. Relative abundance of dominant bacterial taxa at on 2days after the CDI. 

Relative abundance of dominant bacterial taxa at 2days after the infection. The Mann–Whitney test was used for comparisons of continuous variables between 

two groups with similar variances. *p<0.05, **p<0.001, ***p<0.0001. 

 



 

 

7. The characterization of specific bacterial taxa in the group 

with the CDI inhibitory effect 

Next, all of the fecal microbiota sequencing data acquired from the 

CDI without group division was used to compare dominant bacterial taxa in  

C. hylemonae DSM 15053 with other group (Fig. 8). As a result, among of 168 

bacterial taxa, few were shown the difference of abundance between the group. 

Among of them, g_Bacteroides, g_Blautia, and g_Clostiridium_XIVa were 

identified as bacterial taxa with high abundance in C. hylemonae DSM 15053 

group compared to others. On the other hand, unlike LDA analysis result, 

g_Escherichia_Shigella was shown high abundance in the C. scindens KCTC 

559 1 not in C. hylemonae DSM 15053. 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Figure 9. Spearman correlation of C. difficile copies and microbial community in C. hylemonae DSM 15053 group. 

Correlation between Bacterial taxa and C. difficile copies in the C. hylemonae DSM 15053 group without time point distinction (P<0.05). 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

8. Spearman correlation of C. difficile copies and microbial 

community in C. hylemonae DSM 15053 group 

With intestinal microbiota profiles across cecum content of infectious 

mice, we analyzed the correlation between C. difficile and gut microbiota for 

understanding the CDI inhibitory effect observed in the C. hylemonae DSM 

15053 group. As a result, Correlation analysis revealed a linear relationship 

between gut microbiota and C. difficile copies (Fig. 9). 

The heatmap shown that g_Enterobacter, g_Parabacteroides had a strong 

positive correlation with C. difficile. On the other hand, g_Bacteroides, 

g_Escherichia/Shigella and g_Cosenzea had the highest negative correlation 

with C. difficile. Also there were some genera having a slight negative 

correlation with C. difficile such as g_Enterococcus, g_Clostridium_XIVa, 

g_Lactobacillus. This result is consistent with the LEfSe analysis that these 

bacteria genera were shown high population in the group such as C. hylemonae 

DSM 15053, C. scindens KCTC 5591 group which shown inhibitory effect on 

CDI. However, which of these taxa played a central role for inhibitory effect of 

CDI remains to be elucidated.
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Figure 10. Spearman correlation of Bacterial taxa and pathway in C. hylemonae DSM 15053 group. 

Correlation between diverse pathway and Bacterial taxa in C. hylemonae DSM 15053 group without time point distinction. Among of 300 pathway, only 

significant taxa were shown (P<0.05).  

 

 

 



 

 

9. PICRUSt analysis to predict functions of gut microbiota in  

C. hylemonae DSM 15053 group. 

We analyzed the correlation of diverse pathway and Bacterial taxa for 

predicting gut microbiota function in C. hylemonae DSM 15053 (Fig 10). 

Among of variety of bacterial taxa, we selected few taxa for analysis according 

to LDA score result by LEfSe analysis for the result of correlation between 

Bacterial taxa and of C. difficile copies.  

As a result, it was observed that g_Bacteroides primarly shown the high 

positive correlation with pyrimidine deoxyribonucleosides salvage, S-adenosyl 

L-methionine salvage pathway. Meanwhile, g_Blautia shown strong positive 

correlation with catechol degradation, pentose phosphate, aerobic respiration 

pathway..etc. Also, g_Anaerovorax, g_clostridium_XIVa, g_actobacillus, 

g_Escherichia_shigella shown positive correlation with adenosine nucleotides 

degradation II, peptidoglycan biosynthesis I, palmitate biosynthesis, L-

tryptophan bio-synthesis pathway respectively in the results. 

  



 

 

  

 

 

  



 

 

Figure 11. Composition of gut microbiota in the mice in group. 

Relative abundance of bacterial phyla per sample for mice in group. CH, C. hylemonae DSM 15053; CS, C. scindens KCTC 5591. (n= 4 to 8 per group.) 

 

 

 

 

 

 

 

 

 

 



 

 

10. composition of gut microbiota in the mice of group. 

The relative abundances of major bacterial OTUs in the ceca of 

infectious mice administered inhibition strains at 5 days after CDI were 

identified (Fig 11). Consistent with previous studies, our analysis shown that 

the microbiota of the ceca in infectious mice are distinct according to the group. 

g_Akkermansia, g_bacteroides genera were primarily populated in all mice of 

the group.  

On the other hands, g_enterobacter was observed only in the PBS group 

although there were interindividual variations in the group. Interestingly, there 

was rarely g_proteus genera in the C. hylemonae DSM 15053 group compared 

to other group. Also, g_Escherichia_shigella which shown high population in 

the LDA Score analysis associates with C. hylemonae DSM 15053 group (Fig 

7), was also observed larger abundance in the C. hylemonae DSM 15053 and  

C. scindens KCTC 5591 group. 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 



 

 

Figure 12. Gut metabolome analysis via Progenesis QI at 2days after the CDI 

Results of inter-group PCA input with statistically significant 11088 metabolites among 26272 total metabolites. (n=4 to 8 per group)    

 

 

 



 

 

11.Gut metabolome analysis via Progenesis QI at 2days after the CDI. 

To assess the effects of changes through administration of inhibition 

strains, we performed an untargeted metabolomic analysis of stool using a panel 

of LC-MS protocols. As a result, we identified the difference of metabolic 

profiling between the group (Fig. 12). 

Clusters of C. hylemonae DSM 15053 were positioned relatively left although 

there were interindividual variations in the group. But it was formed similar 

cluster with C. scindens KCTC 5591 group. Meanwhile, it seemed like Clusters 

of C. hylemonae DSM 15053 were clearly separated into distinct from PBS 

group according to their metabolic differences. This experiment revealed that 

specific bacteria treatment induce significant metabolic changes in the 

infectious mice, which cause inhibitory effect against CDI. 



 

 

Discussion 

The most important risk factor causing CDI is the use of various 

antibiotics (Owens et al., 2008; Kelly et al., 2011). Antibiotic use disrupts the 

healthy gut microbiota structure that prevents CDI in normal conditions. 

For that reason, the goal of this study was to identify specific bacteria with 

CDI inhibitory effects and to find the mechanism of the bacteria by analyzing 

gut microbiota and gut metabolites.  

In this study, through animal experiement, we discovered the CDI 

inhibitory effect of C. hylemonae DSM 15053 on all the phenotype such as 

body weight loss and mortality, clinical scores, C. difficile c.f.u., and toxin 

A&B titer. Body weight loss is considered to be significant, meaning that the 

average weight loss was reduced to within 7%  in the C. hylemonae DSM 

15053 group. According to the prior studies, the weight loss of the PBS 

group as a positive control is around 10%. However, this experiment showed 

that the body weight of the PBS group decreased by 19.8% at 48hr after 

infection. In addition, 50% mortality was shown in PBS group, and 12.5% 

mortality was founded in the C. hylemonae DSM 15053 group. 

In case of clinical score, there was also significant difference 

between the group. Compared to PBS group, C. hylemonae DSM 15053 

group shown the low clinical score relatively.  

Based on this aspect, it can be seen that the inhibitory effect of C. 

hylemonae DSM 15053 on CDI is significant. 



 

 

In CDI disease, most problem is recurrence in CDI patient (Brandt et 

al., 2012). Therefore, complete clearance of C. difficile is a very important 

issue to decrease the recurrence.  

In this study, the C. hylemonae DSM 15053 group showed significantly less 

number of C. difficile c.f.u. than other groups of 1day after the CDI. It can be 

indicated that C. hylemonae DSM 15053 had inhibitory effect through 

colonization resistant. Interestingly, analysis of stool for 8 days after infection 

in the C. hylemonae DSM 15053 group shown the clearance of C. difficile 

c.f.u. compared to the stool at 1day after infection. On the other hand, the PBS 

group shown still high abundance of C. difficile c.f.u. although slight decrease 

happened.  

This tendency was shown in toxin A&B titer as well. Compared to 

PBS group, low abundance of toxin A&B was detected in C. hylemonae DSM 

15053 group. Therefore, these results suggest that administration of the 

specific bacterial strain was able to attenuate CDI symptoms in animal study.  

In the process of quantification of SBAs, concentration of DCA, 

LCA which are known as a metabolite inhibiting C. difficile growth (Kelly et 

al., 2012) was measured. But we couldn’t get significant result in the study.  

Contrary to our expectations, SBAs were detected at a significantly low 

concentration in group C. hylemonae DSM 15053. On the other hand, the high 

concentration of SBAs was detected in the C. scindens KCTC 5591 group 

consistent with the previous study.  



 

 

We verified that C. hylemonae DSM 15053 is not able to convert PBAs into 

SBAs as much as C. scindens KCTC 5591 although C. hylemonae DSM 

15053 has baiCD (bile acid inducible-operon genes) operon. 

The reason for this phenomenon is that C. hylemonae DSM 15053 doesn’t 

have the same composition of gene with C. scindens KCTC 5591 for the same 

enzyme activity. Previous study support our study result that Therio, et al 

discovered that C. hylemonae isn’t able to convert PBAs into SBAs as much 

as C. scindens KCTC 5591 with in vitro assay. In fact, C. hylemonae DSM 

15053 lacks the baiA2 in the bai operon. The baiA2 encodes a short-chain 

dehydrogenase /reductase that is responsible for two steps in the 7-dehydroxy-

lation pathway. One of those steps is the conversion from cholyl-CoA to 3-

oxo-cholyl-CoA in the oxidative arm, and the other is the conversion from 3-

oxo-DCA to DCA in the reductive arm of the pathway. However, because 

baiA1 is present elsewhere in the genome under the control of a different 

promoter in C. hylemonae, it can also perform the conversion from cholyl-

CoA to 3-oxo-cholylCoA (44, 45). It is also important to note that there may 

be other redundancies built into the 7 –dehydro-xylation pathway. 

Taken together, we concluded that C. hylemonae DSM 15053 produce SBAs 

not enough to inhibit the C. difficile growth as much as C. scindens KCTC 

5591. All things considered, we hypothesized that inhibitory effect of C. 

hylemonae DSM 15053 deosn’t come from the SBAs. This requires further 

exploration such as loss of function approaches. 



 

 

Bacterial composition is an important discriminator to cluster the 

mice into non-response or response group. Through gut microbiome analysis, 

we characterized the difference of microbial diversity and composition 

between the group. 

Alpha diversity that was associated with species diversity in a sample, was 

identified a high value in the group administered C. hylemonae DSM 15053 

compared to other group. Also, in beta diversity which is associated with 

species diversity between sample, significant difference was identified 

between the C. hylemonae DSM 15053 and PBS group. Especially, through 

microbiome analysis, we found some taxa such as g_Bacteroides, 

g_Escherichia_shigella and g_Clostiridium_XIVa were enriched in C. 

hylemonae DSM 15053.  

g_Bacteroides species are normally mutualistic, making up the most 

substantial portion of the mammalian gastrointestinal microbiota, where they 

play a fundamental role in processing of complex molecules to simpler ones in 

the host intestine. As many as 1010–1011 cells per gram of human feces have 

been reported. Most of the Bacteroides species are known for beneficial for 

human. Especially Bacteroides fragilis which is one of the most important 

clinically, was reported to have an inverse association with C. difficile in a study 

of 59 patients including CDI or non-CDI patients, indicating that B. fragilis 

probably plays a role in the protection from CDI. 

Also, Clostridium_XIVa species accounting for 60% of the total mucosal 



 

 

microbiota Concordant with the fact that this cluster includes many acetate 

and/or lactate-converting butyrate producers, the simulation of a mucosal 

environment induce d a shift from acetate towards butyrate, independent of the 

inoculum (Van den Abbeele et al., 2013). Interestingly, it is well known that 

butyrate inhibit the CDI in vivo, in vitro (Fachi et al., 2019). 

Meanwhile, g_Escherichia_Shigella are human pathogens and are the most 

common cause of urinary tract infections significant sources of gastrointestinal 

disease, ranging from simple diarrhea to dysentery-like conditions. Not only 

the taxa, other key microbial taxa that have not yet been fully identified, are 

required to study since it might be critical for protection against CDI 

(Sansonetti, 1992). To verify the relationship between the three taxas and 

inhibitory effect of C. hylemonae DSM 15053, we conducted PICRUSt analysis 

and we found predicted functions of the specific taxa which were having 

negative correlation with C. difficile. 

Thus we could find some clue which specific taxa associated with specific 

pathway. Based on this result, further study should be proceeded to determine 

role of the specific taxa to inhibitory effect against CDI. 

Furthermore, we identified the composition of the gut microbiota in the mice 

of all the group. 

Some bacteria taxa such as g_Enterobacter were observed only in the PBS 

group. In addition, there was rarely g_Proteus (Giammanco et al., 2011) in the 



 

 

C. hylemonae DSM 15053 group compared to PBS, C. scindens KCTC 5591 

group. Also, g_Escherichia_shigella which shown high population in the LDA 

Score analysis associates with C. hylemonae DSM 15053 (Fig 7), was also 

observed larger abundance in the C. hylemonae DSM 15053 and C. scindens 

KCTC 5591 group. 

This result may help us to understand which of the bacteria composed to 

maintain gut homeostasis after administration of inhibitory strain in mouse.          

Lastly, using metagenomics analysis, the difference in metabolic 

pools between the groups was identified.  

The metabolites of 1200 Daltons were measured, and the formation of 

metabolite pools of small molecular level in the group was confirmed. A cluster 

in C. hylemonae DSM 15053 group seemed to be located nearby the cluster in 

C. scindens KCTC 5591 group. And we found there was significant difference 

of cluster formation between the C. hylemonae DSM 15053 group and PBS 

group. Further study should be proceeded to determine how specific 

metabolisms are related to and which metabolites have a great influence on the 

inhibitory effect of C. hylemonae DSM 15053 (Giammanco et al., 2011; Jenior 

et al., 2018). 

There is one thing that need to be considered in our study. 

We found the presence of the dominant bacterial taxa such as g_Bacteroides, 

g_Escherichia_shigella, and g_Clostiridium_XIVa as we mentioned upper, 



 

 

which shown a negative correlation with C. difficile, in C. hylemonae DSM 

15053 group by microbiome analysis. However, since the taxa level currently 

identified is a family level and genus level, it is considered important to classify 

these taxa to the species level. The reason that finding precise species in respect 

to g_Bacteroides, g_Escherichia_shigella, and g_Clostiridium_XIVa is 

significant is that it showed that the change of abundance of some specific 

bacterial species, may potentially affect CDI symptom inhibition. 

Therefore, the influence of specific bacteria species on C. difficile should be 

explored. 

Despite the methodological advantages, there are certain limitations 

should be considered when interpreting our results.  

Although relatively high alpha diversity and difference of beta diversity were 

identified in C. hylemonae DSM 15053 group compared to C. scindens KCTC 

5591, PBS group, we could not find the specific bacteria taxa except the 

g_Clostiridium _XIVa in the LDA score analysis between C. hylemonae DSM 

15053 and C. scindens KCTC 5591 group.  

Furthermore, there was no dramatic difference in metabolite pool between  

C. scindens KCTC 5591 and C. hylemonae DSM 15053 group. Given that 

there are interindividual variance within the group, we regard this as result of 

limited number of sample used of the analysis.  

Therefore, additional experiments using animal models would further our 



 

 

understanding of the difference of gut microbiome between C. hylemonae 

DSM 15053 and C. scindens KCTC 5591 and their role in inhibitory effect of 

CDI. 

Second, since we focus on reducing C. difficile growth via bacterial 

competition with SBAs, we didn’t conduct analysis to verify impact of 

additional ability of microbes to modulate the immune system. In fact, there are 

a lot of research about the importance of the immune response in CDI (Jarchum, 

et al., 2011; Leslie et al., 2015). Thus, study to identify impact of administration 

of C. hylemonae DSM 15053 that increase protective immune signaling within 

the intestine will add an important layer of host protection into next-generation 

bacteriotherapy in the face of C. difficile infection. 

Nevertheless, this study verified the significant inhibitory effect of 

C. hylemonae DSM 15053 for CDI through a variety of phenotype in animal 

study. Furthermore, to the best of our knowledge, this is the first attempt to 

investigate the inhibitory effect of C. hylemonae DSM 15053 for CDI in vivo. 

Like C. scindens KCTC 5591 group, C. hylemonae DSM 15053 is a Clostr-

idium family and is widely distributed in the human intestine. C. hylemonae 

DSM 15053 is one of the poorly screened bacteria except for study about its 

baiCD (bile acid inducible operon genes) operon. 

Interestingly, in this study we found that C. hylemonae DSM 15053 convert 

PBAs into SBAs, but cannot produce the abundance as much as C. scindens 

KCTC 5591 which is known for the inhibitory effect by producing SBAs. 



 

 

The mechanism of inhibition caused by C. hylemonae DSM 15053 is not 

completely understood in the study. However, we found some clue for 

defining the mechanism of inhibitory effect of C. hylemonae DSM 15053 for 

CDI that recovery of intestinal microbiome happened after administration of 

C. hylemonae DSM 15053.  

In disease of CDI, where the imbalance of intestinal microflora is a problem, 

one of the direct effective of therapy is to recover various intestinal microbial 

communities through a Fecal microbiota transplantation (FMT). However, not 

only expensive cost, difficulty to find the appropriate donor, also the effect is 

obvious for individual and there are side effects as well. Therefore it cannot be 

an ultimate alternative for therapy for the CDI. Thereby it is important to find 

specific bacteria as therapeutic alternative for CDI. 

Except for C. scindens KCTC 5591 which is well known for effective inhi-

bitors to C. difficile, studies on the identification of effective single bacteria 

that inhibit the C. difficile are still insufficient. 

Consequently in this study, we concluded that inhibitory effect of C. hyle-

monae DSM 15053 might be coming from the recovery of intestinal 

microbiota like diversity and richness. Further study is required to confir-

mation of our assumption for the mechanism of inhibitory strain with diverse 

approaches. 

Insights from this study will further inform our understanding of the role of  

C. hylemonae DSM 15053 in intestinal inflammation CDI and hold promise to 



 

 

provide an effective treatment. 

In summary, C. hylemonae DSM 15053 shown the inhibitory effect 

on CDI animal study with attenuation of symptoms like body weight loss, 

survival rate, clinical score etc. And we verified that high microbial diversity 

and richness in group administered C. hylemonae DSM 15053 compared to 

PBS group by microbiome ana-lysis. Furthermore, the difference of metabo-

lite pools between the groups was identified through the metagenomics anal-

ysis in the study. 
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국문초록 
 

 

동물실험 모델에서의 클로스트리디움 하일리모네 균주 투여에 

따른 클로스트리디움 디피실 감염의 증상 완화 효과  
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클로스트리디움 디피실 감염병 (CDI)은 유럽과 미국에서  

의료 관련 설사의 첫 번째 원인인 질병으로 연간 15,000 ~ 30,000 

여명의 사망을 초래한다. 항생제 과다 사용은 장내 미생물 총을  

억제하여 병원균에 대한 집락 저항성을 손상시키고 클로스트리디움 

디피실이 장을 감염시킬 수 있도록 한다. 그러므로 클로스트리디움 

디피실 감염병에 걸린 환자의 장내 미생물군의 회복에 도움이 되는 

특정 균주를 찾는 연구가 필요한 실정이다. 

따라서 본 연구는 동물실험을 통한 클로스트리디움 디피실 감염병

에 대한 특정 균주의 억제 효과를 확인하고, 그 기전에 대한 단서를 

얻고자 한다. 

선례 연구를 통해 클로스트리디움 디피실과 음의 상관관계

를 가진 몇몇의 균주가 확인되었다. 그 중, 클로스트리디움 디피실 

감염병에 대한 감염 저해 효과를 가지는 단일 균주 클로스트리디움 

씬덴스 KCTC 5591과 같이, 담즙산 유도 유전자 (bai operon)를 갖고 

있는 클로스트리디움 하일리모네 DSM 15053 균주가 선별되었다. 



 

 

마우스 모델을 통해, 클로스트리디움 하일리모네 DSM 15053를 

투여한 그룹에서 사망률, 체중 감소 및 임상 점수와 같은 표현형에

서, 클로스트리디움 디피실 감염병에 대한 유의한 감염 저해 효과가 

관찰되었다. 또한 장내 미생물 분석과 대사체 분석을 통해, 클로스트

리디움 하일리모네 DSM 15053 그룹이 PBS 그룹과 비교하여, 미생물군

집의 풍부도와 다양성 높으며, 다른 형태의 대사체 풀을 형성하고 

있음을 확인하였다. 특히 박테로이데이스와 에스켈리치아, 시겔라와  

클로스트리디움_XIVa 속의 균주는 클로스트리디움 하일리모네 DSM 

15053 그룹의 미생물군집에서 높은 점유율을 보였으며, C. difficile 과 

음의 상관관계를 보였다. 위와 같은 결과를 고려했을 때. 이러한  

클로스트리디움 하일리모네 DSM 15053의 클로스트리디움 디피실 감염 

저해 효과는, 장내 미생물총의 회복에서 기인한다는 가능성을 두고 

결론 지었다.  

이러한 발견은 클로스트리디움 디피실 감염병에 대한, 클로스트리디

움 하일리모네 DSM 15053 특정 균주의 투여로 인한 감염 저해 효과



 

 

의 확인과 더불어, 감염 저해 메커니즘을 설명할 수 있는 실마리를 

제공한다. 

 

주요 단어 : 클로스트리디움 디피실 감염, 이차 담즙산, 장내 미생물,  

클로스트리디움 하일리모네 DSM 15053, 장내 미생물 다양성, 디옥시콜산, 

원내 감염성 설사, 담즙산 유도 유전자  
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