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Abstract
Lactic acid bacteria execute beneficial health effects by adhering to the intestinal 

epithelial layer. We compared the abundance and diversity of genus Lactobacillus in the fecal 
sample of ulcerative colitis (UC) patients vs. healthy control. About 40 samples belonging 
to moderate, severe, remission category and controls were subjected to fluorescent in 
situ hybridization (FISH) and quantitative Polymerase Chain Reaction (qPCR) analysis to 
study the abundance. To check the diversity, same samples were subjected to denaturing 
polyacrylamide gel electrophoresis (PAGE) fingerprinting. The FISH (p=0.0001) and qPCR 
(p=0.0432) analysis shows that the population of Lactobacilli was higher in severe category 
of samples. This was further supported by increase in lactate level by Gas chromatography 
(GC) (p=0.032). We observed high degree of diversity in moderate (p=0.002) and severe 
(p=0.003) category of patient samples as compared to controls. The profile in remission 
category exhibited similarities with the controls. Real time PCR analysis showed decreased 
expression of MUC9 (Mucin gene) (p=0.011) in biopsy samples of patients compared to 
controls. Summary-We speculate that increased fecal lactobacilli population during active 
condition is due to loss of mucin necessary for their adherence to the intestinal epithelial cell 
lining. This is the first report analyzing the fluctuation of lactobacilli during ulcerative colitis 
in North Indian individuals. 
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Introduction 
Dysbiosis in intestinal commensal bacteria is regarded as an important factor in 

the initiation and progression of ulcerative colitis (UC). The role of an altered bacterial 
ecosystem has been reported in a variety of clinical and experimental studies [1]. Lactic 
acid bacteria (LAB) are characterized by the formation of lactic acid as sole or main 
end product of carbohydrate metabolism from different food substrates [2,3]. Several 
strains of lactic acid bacteria (LAB) including Enterococcus faecalis are known for their 
role in priming the immune system [4-6]. The Enterococci are known to ferment sugars 
and produce lactate as major product [7]. Lactobacilli are considered to be beneficial 
group of bacteria to the host, and many studies have demonstrated that some strains of 
lactobacilli can reduce the severity and maintain the remission of UC [8]. Their adhesion 
to the intestinal mucosa is considered one of the important factors for the beneficial 
health effects. Specific lactic acid bacteria help to fight pathogens, transient colonization, 
modulation of the immune system, and enhanced healing of damaged intestinal mucosa 
[9]. We earlier observed significant decrease of lactobacillus population in the mucosa 
of UC patients by qPCR analysis [10]. We focused on lactobacilli as a subgroup because 
of their known potential probiotic effects in the human gastro intestinal tract (GIT). 
Lactic acid bacteria have ability to inhibit the growth of various pathogenic Gram-
positive or Gram-negative bacteria. This inhibition may be due to the secretion of 
organic acids such as lactic acid, acetic acid, bacteriocins, bacteriocin-like substances 
and possibly biosurfactants, which are active against certain pathogens [11].

The extent of fluctuation in the composition of lactobacillus genus in fecal microbiota 
due to disease activity has not been studied so far in North Indian population. In this 
study we applied qPCR and FISH flow cytometry techniques to compare the abundance 
of lactobacilli in fecal microbiota of healthy individuals vs. UC patients. We have also 
compared and quantified the fecal lactate level between healthy and UC patients. In 
addition to this we also compared the diversity of lactobacilli during disease condition 
using urea polyacrylamide gel electrophoresis (PAGE) fingerprinting technique that has 
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been employed earlier to study microbial community structure 
[12,13]. Lactobacilli are known to adhere to the mucin layer 
of the intestinal epithelium [14]. In order to assess the loss of 
mucin layer during disease condition, we checked the expression 
of a member of mucin gene family, MUC9 that is expressed in 
epithelial cells [15]. 

Methodology
Fecal sample collection and processing

 Fecal samples were collected from 14 control individuals 
and 26 UC patients under three categories (severe-12, 
moderate-6, and remission-8). Subjects were recruited by the 
attending physician from the Gastroenterology Department, All 
India Institute of Medical Sciences, New Delhi with necessary 
permissions from the patients. Disease activity in UC patients was 
determined by simple clinical colitis activity index [16] and total 
index score, 7-10, >10 and 0-2 was referred for moderate, severe 
and remission category of UC respectively [17]. Clinical score 
defines the severity of the disease and calculated on the basis of 
stool frequency, rectal bleeding, mucosal appearance, physician’s 
rating of disease activity, and each having a defined score 
ranges [17]. Patients who had hemorrhoids only and showed no 
evidence of small and large intestinal disease were enrolled as 
control individuals in this study. Subjects under any antibiotic 
or probiotic or prebiotic treatment past 3 months of sample 
collection were excluded from this study. The fecal samples were 
collected in sterile stool specimen plastic container, transported 
at 4°C and stored at -80°C within 3 hrs of sample collection until 
processed further. The fecal sample details were published 
previously by Kumari et al. [18]. 

Biopsy sample collection

We collected biopsy samples from few controls (n=10) 
(without any ulcerative colitis or Crohn’s disease) and ulcerative 
colitis patients (n=12). All biopsy samples were collected under 
the supervision of the attending doctors at the Gastroenterology 
Department, All India Institute of Medical Sciences, New Delhi. 
The biopsies were taken from involved areas in the intestine of 
patients with UC and from normal sigmoid mucosa in control 
group. The control population consisted of patients who were 
taken up for sigmoidoscopy for evaluation of anal hemorrhoids. 
The biopsy samples, with associated mucus, were collected 
aseptically in a RNA later solution and processed immediately for 
RNA extraction. At the time of the study, patients were receiving 
steroids, 5-aminosalicyclic acid, and azathioprine, which have 
not yet been reported to alter gut microbiota. Histopathological 
changes of biopsy samples were evaluated (data not shown). The 
biopsy sample details are represented in the Table S1. 

Ethics statement

 Ethical clearance for the study was obtained from the Institute 
Ethics Committee, All India Institute of Medical Sciences, New 
Delhi. Written consent was obtained from all the participants.

Fluorescent probes and oligonucleotides

 All the probes used in the study target the 16S rRNA gene. 
Probe EUB338 was used as a positive control, the sequence of 
which was conserved within bacteria domain [19] Conversely, 
NONEUB338 (reverse of EUB) was used as negative control probe 

[20]. The positive control probe (EUB338) was covalently labeled 
with fluorescein isothiocyanate (FITC) at both 5’ and 3’ end 
[21] and negative control probe (NONEUB338) was covalently 
labeled with FITC at 5’ end and Cy5 at 3’ end. The probe Lab158 
[22] specifically targeting Lactobacillus/Enterococcus genus was 
labeled at 5’ end with Cy5. Table S2 represents the details of 
probes used in the present study.

Analysis of fecal samples by fluorescent in situ hybridization 
(FISH)

 1 gm of fecal sample was suspended in 9 ml of PBS (Phosphate 
Buffer Saline) and vortex with 10-15 glass beads for 5 min to 
homogenize the sample. This suspension was centrifuged at 
101xg for 1 min to pellet down the debris and the supernatant was 
collected. To fix the cells, 1 ml of this supernatant was incubated 
with 4% Paraformaldehyde (1:3 ratio) at 4°C, overnight [18].

FISH-microscopy

 For microscopy, PFA- fixed cells were washed and spotted on 
gelatin coated slides and dried for 20 min at 45°C. The cells were 
dehydrated in 96% ethanol for 3 min. 20 μl of hybridization buffer 
(900 mMNaCl, 20 mMTris-HCl, pH 8, 0.01% Sodium Dodecyl 
Sulfate, pH 7.2) containing 2ng of Cy5 labeled probe was added 
and incubated at 50°C for 2 hrs in humid chamber [23]. To the 
same slide 25 μl of (5 μg/ml) Hoechst 33342 (Invitrogen, India) 
was added to stain the DNA and the incubation was continued for 
further 1 hr. After hybridization, slides were washed with low salt 
washing buffer (65 mM NaCl, 20 mMTris-HCl, 5 mM EDTA, 0.01% 
Sodium Dodecyl Sulfate, pH 7.2) for 20 min at same temperature. 
The slides were further rinsed in water, dried immediately and 
mounted in Glycerol and sealed. Digital images were viewed with 
confocal microscope (Olympus FluoViewTMFV1000, USA).

Analysis of fecal samples by FISH flow cytometry

The PFA fixed cells were washed twice with PBS and incubated 
in ethanol with PBS (1:1 ratio) at -20°C for 2 hr. The suspension 
was again washed twice with PBS and the cells were resuspended 
in 50µl hybridization buffer (as used above). For each hybridization 
reaction, 60 μl of fixed cells were used. Hybridization was performed 
in dark at 50°C, 40 hrs, in the hybridization solution containing 4 
ng/μl each of Lab158 and EUB338 probe. After hybridization, 150 
μl of hybridization solution without probe was added to stop the 
reaction and cells were pelleted at 1610xg for 10 min. Hybridized 
cells were resuspended in prewarmed washing buffer (as used 
above) and incubated at 50°C for 20 min to remove non-specific 
binding of the probe. Cells were finally pelleted at 1610xg for 10 
min and suspended in 200 µl PBS. An aliquot of 100 μl was added 
to 0.5 ml of flow sheath solution (Becton Dickinson, USA) for flow 
cytometry analysis. Data acquisition was performed with FACS 
calibur flow cytometer (Becton Dickinson, USA) as explained by 
Kumari et al. [18]. 

Enumeration of Lactobacillus/Enterococcus in fecal samples

The abundance of lactobacilli was estimated in the form of 
Lab158- Cy5 probe hybridized cells as a proportion of total 
bacteria hybridized with EUB338 FITC probe. This proportion of 
hybridized bacteria was corrected by subtracting the background 
fluorescence obtained, when only negative control probe 
NONEUB 338 was hybridized.
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Quantitative PCR (qPCR) Analysis

 Total DNA from the fecal samples (220 mg) was extracted 
(Qiagen stool DNA kit) and eluted in 50 µl of Tris-EDTA (TE) buffer. 
The concentration and integrity of DNA was checked by nanodrop 
and electrophoresis. About 20 ng of this DNA from each sample 
was used to analyze the bacterial population. Primer sets for 
lactobacilli genus are represented in Table S2 [10]. The amplified 
product was cloned and sequenced and sequences were deposited 
in the EMBL database and accession number (AM042701) was 
obtained. These 16S rRNA gene fragments containing plasmids 
were used as reference strains for subsequent experiments. The 
reaction was carried out in 7500 real time PCR system (Applied 
Biosystems, USA) using SYBR green method. The standard curves 
were constructed by serial dilutions of each reference clone 
prepared from 0.05 to 50,0000 pg/tube, corresponding to 1x101 

to 1x107 copy numbers. The standard curve (Figure S1a) of the 
reference clones was used to extrapolate the numbers of bacteria 
in the fecal samples. The dissociation curves for targeted bacteria 
are shown in Figure S1b. With the molecular mass of the plasmid 
and insert known, the copy number was calculated as earlier 
mentioned by Verma et al. [24].

Urea PAGE fingerprinting

 We used genus specific forward primer designed from the 
end of 16S rRNA gene of lactobacilli and universal reverse primer 
targeting 23S rRNA gene. This would amplify variable length 
of intergenic spacer region of different Lactobacillus species. 
Equal amount of fecal DNA from each sample within a category 
was pooled and mixed to minimize the sequencing reactions. 
This pooled DNA was used as a template to amplify the 16S 
rRNA and 23S rRNA gene encompassing the intergenic spacer 
region (ISR) of lactobacilli (Table S2). The amplified product 
was resolved on 6% urea PAGE revealing unique band profile in 
different categories of samples. This experiment was performed 
in triplicate to see if any technical or biological variation exists in 
band profile during different experiments. In total 15 DNA bands 
of interest were excised from gel and DNA was eluted, cloned and 
sequenced. These sequences were deposited to EMBL database 
to obtain the accession numbers (  1). Gel images were processed 
with gel doc photo imager (alpha imager). Cluster analysis was 
performed using unweighted pair-group method with arithmetic 

mean (UPGMA) and thus dendrogram showing relationship 
between band profiles in different category was constructed 
with Pyelph 1.4. Phylogenetic tree was constructed out of the 
sequences obtained from the cloned products. First of all a 
multiple-sequence alignment was performed using MUSCLE and 
the alignment was cured with Gblocks and finally the phylogenetic 
tree was constructed using maximum likelihood software phyml 
and visualized in treedyn format (http://phylogeny.lirmm.fr/
phylo_cgi/index.cgi).

Gas chromatography (GC) analysis of fecal lactate

 Fecal Lactate was analyzed using GC flame-ionization- 
detection (GC-FID). An aliquot of fecal content (250 mg) 
was extracted with 1ml of extraction buffer (0.1% (w/v) 
HgCl2 and 1% (v/v) H3PO4) supplemented with 0.045 mg/ml 
2,2-dimethylbutyrate (as internal standard). The resulting slurry 
was centrifuged for 30 min at 5000 g at 4°C, and the supernatant 
was filtered through 0.2 µm filters. The supernatant collected 
were analyzed using a GC (Shimadzu-2010, USA) equipped with 
flame ionization detector (FID) and a stabilwax column (Restek, 
USA) of 30m length, 530 µm diameter and 1 µm film thickness. 
The system was run with nitrogen as carrier gas at an inlet 
constant pressure of 18.1 kpa. Samples were run at an initial 
temperature of 120°C for 0.5 min, and then with 80C/min change 
in temperature till it reached 220°C and hold at 220°C for 8 min 
with total program time 20.5 min. Lactate was identified using 
external standards (Sigma, India) and the concentration was 
calculated using area percentage method [18].

Real time PCR analysis of MUC 9 gene

 Real time reaction was carried out in two steps. In the 
first step, total RNA was isolated from biopsy samples by 
Trizol method. Concentration and purity of isolated RNA was 
determined by nanodrop. Reverse transcription of total RNA 
was performed by means of the Revert Aid First Strand cDNA 
Synthesis kit (Fermentas, St. Leon Rot, Germany) using 1μg 
of total RNA per sample in a final volume of 20 μl. Quality of 
cDNA was checked by normal PCR. In the second step, reverse-
transcribed products were utilized for quantitative real-time PCR 
using MUC9 gene specific primer (Table S2). The reaction was 
carried out in 7500 real time PCR system (Applied Biosystems, 

OTU Match Control Moderate Severe Remission Accession no. obtained
L15 L. rogosae + - - - KC505222
L11 L. minutes - + - - KC505219
L12 L. rhamnosus - + - - KC505225
L13 L. amylovorus - + - - KC505224
L14 L. plantarum - + - - KC505223
L1 L. sakei + - + - KC535088
L2 L. vini - - + - KC505229
L3 L. apodemi - + + - KC505220
L4 L. rimae - - + - KC505221
L5 L. agilis - + + - KC505227
L6 L. curvatus - + + - KC505226
L7 L. delbrueckii - - + - KC505228
L8 Enterococcus faecalis + + + + KC879284
L9 L. gasseri + + + + KC702842

L10 L. casei + + + - KC702843

Table 1. Details of OTU obtained with 16S rRNA gene analysis of lactobacilli from human fecal samples (Control and UC).

http://www.phylogeny.fr/version2_cgi/advanced.cgi#.
http://www.phylogeny.fr/version2_cgi/advanced.cgi#.
http://www.phylogeny.fr/version2_cgi/advanced.cgi#.
http://www.phylogeny.fr/version2_cgi/advanced.cgi#.
file:///D:/Scient/JCMCR/JCMCR_W/003/ was visualised in treedyn
http://phylogeny.lirmm.fr/phylo_cgi/index.cgi
http://phylogeny.lirmm.fr/phylo_cgi/index.cgi
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USA) using Sybr green universal PCR master mixture from 
Applied Biosystems, USA as per the instructions of the supplier. 
Prior to each quantitative real-time PCR, cDNA was diluted as 
required. GAPDH (Glyceraldehyde 3-phosphate dehydrogenase) 
was used as an internal standard and sample values were 
normalized against GAPDH. The normalized values (ΔCT) of the 
target genes in patient samples were expressed relative to the 
normalized values of the target gene in control samples (ΔΔCT). 
The CT values of the gene ranged from 20 to 30. To quantify gene 
expression the comparative threshold cycle method for relative 
quantification (2-ΔΔCt = n fold) was used [25].

Statistical analysis

 Student’s t test was applied to compare significant changes 
in Lactobacillus population observed by FISH and qPCR 
studies. Same test was applied to differentiate the number 
of bands observed in each category of samples during urea 
PAGE fingerprinting. Similarities between band profiles were 
compared between any two group using Pearson coefficient of 
correlation [26]. In order to see any association of lactobacillus 
diversity with disease severity, we have performed multiple 
linear regression analysis-ordinary least squares using multiple 
regression (vs1.0.29) in free statistics software (v1.1.23-r7) [27]. 
All experiments were performed in triplicate to find any technical 
or biological variation.

Results 
Enumeration of genus Lactobacillus

Validation of Lactobacillus genus specific probe was done by 
FISH-microscopy (Figure 1) where hybridization of the probe 
was clearly seen with members of Lactobacillus/Enterococcus 
group. We observed significant increase in population of 
Lactobacillus/Enterococcus (p=0.004) in severe category of UC 
patients samples compared to controls (Figure 1). Lactobacillus 
(long rods) and Enterococcus (coccoid) were distinguished on the 
basis of morphological feature.

Bacteria belonging to the genus Lactobacillus/Enterococcus 
vs. total bacteria present in a representative control sample was 
enumerated by flow cytometry analysis as represented in Figure 

S2. Similar method was followed for analyzing other samples. 
Flow cytometry data revealed that the members belonging to the 
above genus exhibited significant increase in samples of severe 
(p =0.0001) and moderate (p=0.0001) category as compared to 
control. During remission stage of the disease, we observed that 
Lactobacillus/Enterococcus significantly reverted back to normal 
level, close to controls when compared with samples in severe 
(p=0.009) and moderate (p=0.001) conditions of the disease 
(Figure 2a).

During qPCR analysis, increase of lactobacilli population was 
observed by 0.8 (p=0.05) fold in moderate category, 2.1 (p=0.04) 
fold in severe category and further reduced to 1.79 fold during 
remission stage in comparison to controls. However, in contrast 
to flow cytometry data, the value in qPCR analysis did not attain 
significance in remission category of samples (Figure 2b). 

Diversity in lactobacilli

Urea PAGE (6%) fingerprinting revealed increased number 
of bands in lanes representing active disease state compared 
to control. The profile revealed high degree of diversity (on the 
basis of number of bands) in moderate (p=0.002) and severe 
(p=0.003) category of samples as compared to controls (see 
bottom of Figure 3A). However the profile in remission category 
was similar to control category (p=0.13). Upon comparison of 
band patterns, Pearson coefficients (R2) values were found to be 
0.59 in control versus moderate category; 0.65 for controls vs. 
severe category; 0.75 for severe vs. moderate category and 0.89 
for control versus remission category (Figure 3A). On analyzing 
the sequenced data from Figure 4, we observed that out of the 
total [15] bands excised out of the gels, two bands were present 
in all the categories of samples and upon sequencing represented 
Enterococcus faecalis, L. gasseri respectively. These species 
indicates stable Lactobacillus sp. that represents autochthonous 
flora. Lactobacillus rogosae was observed only in control samples 
however L. sakei was detected in both control and severe 
category of samples. L. minutes, L. rhamnosus, L. amylovorus and L. 
plantarum were detected only in moderate category. L. apodemi, L. 
agilis and L. curvatus were observed in both moderate and severe 
category of the fecal samples. Other than the above species L. vini, 
L. rimae and L. delbrueckii were found only in severe category 
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Figure 1. FISH (fluorescent in situ hybridization) carried out in control vs patient fecal samples using Lab-158 ((lactic acid bacteria)) labeled Probe. (A) 
Total cell counts with Hoechst 3342 (B) Lab 158-Cy5 (C) Merge (D) DIC. Arrow 1 and 2 in Fig. b shows the Enterococcus and Lactobacillus respectively. 
Lactobacilli and Enterococci were distinguished on the basis of morphological feature (rod vs. coccoid shape).
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of UC samples and were absent in other categories (Figures 
3 and 4). An OTU (operational taxonomic unit) was defined as 
a cluster of reads with 97% similarity, and their detail is given 
in Table 1. Multiple linear regression analysis-ordinary least 
squares showed a non linear association between the diversity 
of lactobacillus with the disease conditions depicting R-squared 
=0.36 (adjusted R-squared=0.29) and p-value =0.007.

Measurement of fecal lactate level

We further quantified the change in concentration of fecal 

lactate level in control vs. UC fecal samples by Gas chromatography. 
Concentration of lactate (p=0.032) was significantly increased in 
severe UC samples when compared with control samples (Figure 
5A). However lactate level did not show significant increase in 
moderate category of samples compared to control. The level 
further reverted back to normal level in remission category of 
samples (Figure 5A).

Expression of MUC9 gene

The intrinsic capacity of the microbiota to colonize the 
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Figure 2. Enumeration of lactobacilli in fecal samples of UC (ulcerative colitis) patients vs. controls. (A) FISH flow cytometry data expressed as the mean % group 
specific probe/EUB338+SE. (B) q-PCR data showing the numbers of lactobacilli. The y-axis represents bacteria count and x-axis represents the sample category. 
Horizontal bars with asterisks represent comparisons between the UC and control. P < 0.05,*; P<0.005,**; P<0.0005,***.
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Figure 3. Representative gel picture of denaturing PAGE showing diversity of lactobacilli.. (A) 16S rRNA gene with ISR region of lactobacilli was PCR amplified 
and resolved on a denaturing 6% polyacrylamide gel. Differences (p value for band numbers and pearsons of coefficient) between respective gel lanes are 
represented above and below the figure. DNA from the fragments indicated by numbered arrows were cloned, sequenced and compared to known sequences in 
gene bank as illustrated in phylogenetic tree (Fig 4). (B) The dendrogram showing relationship between band patterns obtained from different disease condition. It 
was constructed with Pyelph1.4 using unweighted pair-group method with arithmetic mean (UPGMA). Distance between two sample categories is shown.
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Figure 4. Phylogenetic tree constructed from the sequences obtained from bands isolated from urea polyacrylamide gel electrophoresis (PAGE) fingerprinting. 
Phylogenetic tree was constructed using MUSCLE, Gblocks and finally the maximum likelihood software phyml. Phylogenetic tree was visualized in treedyn 
format. Bootstrap values are shown at branch points; values of 97% or more were considered significant. L1 to L6 represent bands obtained from severe category 
of samples; L13-L14; L11-L12; L8-10 represents samples obtained from moderate category and L15 represent a band picked up from control sample. Band L8 and 
9 were found common in all categories. Band L10 were found common in control, moderate, severe category. L2, L4 and L7 were present only in severe category. 
L15 was observed only in control. L11 to L14 were detected only in moderate category.
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mucus is influenced by host factors. Members of Lactobacillus 
are known to adhere to the mucin layer of gut. In order to check 
the status of mucin layer during UC, we targeted the MUC9 gene 
expression. MUC9 mRNA expression was significantly decreased 
by 4.54 fold in colonic mucosa of active UC compared to control 
samples (p=0.011) as shown in Figure 5B. This result indicates 
the probable role of MUC9 gene in the pathogenesis of UC.

Discussion
Increased counts of total facultative anaerobes including 

Lactobacillus and Enterococcus as observed in our study, have 
also been reported in feces of UC patients [28,29]. Members of 
Lactobacillus/Enterococcus group reported in our population 
represented 5.09 +0.5% of total bacteria whereas other studies 
reported only about 0.01% of the total counts [30,31]. Greater 
number and diversity of enterococci was observed earlier in 
feces of UC patients compared to healthy controls [32]. Our probe 
includes the members of Lactobacillus/Enterococcus group, 
therefore, it may be assumed that the higher representation as 
observed by FISH flow cytometry and qPCR analysis probably 
represents contribution of both the groups.

Urea PAGE analysis revealed some new species of lactobacilli 
like L. minutes, L. vini, L. apodemi, L. rimae, L. agilis in human 
feces which have not been reported earlier. These species 
can be designated as allochthonous to the human intestinal 
tract. Details of species obtained in fecal samples are given in 
Table 1. Beneficial properties of Lactobacillus species for e.g. L. 
amylovorus and L. brevis, L. plantarum, L. reuteri [33-36] are well 
known in potentially suppressing other pathogenic populations 
within the intestinal microbiota. The limitation of our study 
includes, restricted sample size due to criteria followed for 
sample collection. Only a limited number of DGGE bands 
were sequenced and faecal samples were pooled for diversity 
analysis. Higher concentration of lactic acid in fecal samples of 
UC patients than that of control subjects further supported the 
increase in fecal lactobacilli population. Increased lactate level 
in IBD fecal samples was detected earlier [37] and has been 
found to be associated with higher risk of diarrhea and mucosal 
inflammation [38]. Lactic acid can be further metabolized by 
propionibacterium to propionic acid and acetic acid or to butyric 
acid by butyrate producers through the acetyl-CoA pathway 
[39,40]. Thus the reduction in population of butyrate producing 
members observed earlier by our group in the same UC patient 
samples [18] may partially contribute to increase in lactate 
concentration. 

Members of the genus Lactobacillus have the ability to 
adhere to intestinal mucus and extracellular matrix through 
various putative adherence factors possessing mucin binding 
domain [14]. .Our finding of increased lactobacilli population in 
UC fecal samples was in contrast to significant decrease that was 
observed earlier in our laboratory as well as by others in mucosal 
biopsy samples of UC patients [25] and pouchitis patients [41]. 
We here hypothesize that the reduction in lactobacilli in biopsy 
samples observed earlier may be due to altered mucus layer 
during active UC, which may be less conducive for lactobacilli 
adherence. These alterations in GIT (gastrointestinal tract) 
milieu may lead to detachment of lactobacilli from the intestinal 
epithelium and lead to subsequent passage through the GIT. 
Various studies have shown that the mucus layer is structurally 

altered and become thin in ulcerative colitis patients [42]. 
Buisine et al. (2001) reported no change in expression of MUC2 
and MUC3, however reduced expression of MUC1, MUC4 with 
no expression of MUC5AC, MUC5B, MUC6 in CD patients [43]. 
Our result confirmed a significant reduction in the expression 
of MUC9 gene in the biopsy samples of active UC patients with a 
simultaneous increase in lactobacilli population during disease 
condition. This expands our knowledge on the role of mucin in 
the pathogenesis of UC as also observed earlier. The change in 
MUC 9 gene expression as also observed earlier in UC patients 
[15] may lead to defect in the mucus layer and alter the physical 
barrier. However, the stringent criteria followed for sample 
collection yielded limited number of samples for our analysis. We 
have been able to sequence only a limited number of bands from 
urea PAGE fingerprint. 

Conclusion
Our observation reveals the status of lactobacilli in Indian 

patients during different stages of UC which has not been 
explored so far in detail. The increase in number of Enterococcus/
Lactobacillus in control as well as in disease condition was 
confirmed by FISH, FISH flow cytometry, qPCR and GC analysis 
with simultaneous decrease in mucin. Increase in diversity of 
this group was confirmed by urea PAGE fingerprinting method. 
We speculate the release of many lactobacillus spp. during active 
condition of the disease is perhaps due to loss of mucin layer 
necessary for these bacteria to adhere to intestinal epithelial cell 
lining. The increased excretion of lactobacilli with feces may be 
either a cause or a consequence of the disease.
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Feature UC (n=12) Control(n=10)
Sex (F/M) (%) 3 (25)/9 (75) 2 (20)/8(80)
Age at diagnosis mean ± SD (years) 34.33 ± 15.64 36.7±16.3
Disease extent, n (%)  
Proctitis 2 (16.66) -
Left sided colitis 2 (16.66) -
Pancolitis

None of the above                        

5 (41.66)

1 (8.33)

-

-
Smoking history
Yes 2 (16.66) 1 (10)
No 10 (83.33) 9 (90)
Appendectomy Y/N (%) 2(16.66)/10(83.33) 3 (30)/7 (70)
Family history Y/N (%)                                       1(8.33)/11 (91.66) 0/14

Table S1. Clinical and demographic features of biopsy samples.

Primer or probe Target 
Sequence (5’-3’) Used as (aFISH,bqPCR, 

cPAGE, d RT-PCR)
Reference

NON EUB 338 No bactéria ACATCCTACGGGAGGC Probea [20]
EUB 338 MostBacteria GCTGCCTCCCGTAGGAGT Probea [19]
Lab158 Lactobacillus/ Enterococcus GGTATTAGCAYCTGTTTCCA Probea [22]
LacFP Lactobacillus-FP Forward Primer GCAGCAGTAGGGAATCTTCCA Primerb,c [10]
LacRP Lactobacillus Reverse Primer GCATTYCACCGCTACACATG Primerb [10]

23S RP 23S rRNA Universal Reverse Primer GGGTTBCCCCATTCRG
Primerc

[43]

MUC-FP Mucin9 CCGATGGACAGTAGTGTTTTCA Primerd [15]
MUC-RP Mucin9 AATTCTCTACCCAGAGTTCAACAAA Primerd [15]
GAPDH-FP GAPDH GCTCCTCCTGTTCGACAGTCA Primerd [25]
GAPDH-RP GAPDH GCAACAATATCCACTTTACCAG Primerd [25]

Superscript a,b,c,drepresents oligonucleotides used in FISH, qPCR, Urea PAGE and RT-PCR respectively.

Table S2. Probes and oligonucleotides used in this study.

Supplementary Tables



Citation: Kumari R, Verma N, Verma AK, Ahuja V, Paul J (2015). Diversity and abundance of lactobacilli during ulcerative colitis in North Indian 
patients: a case control study

Page 10 of 10

www.scientonline.org Clin Microbiol Case RepVolume 1 • Issue 1 • 003

Slope= -3.27    
R2 = 0.999 

17,76

19,76

21,76

23,76

25,76

27,76

3,8 4,8 5,8 6,8

No. of bacteria log10 

Ct
 v

al
ue

  

-R
n

 

Temperature ( C 0) 

Target 

NTC 

A B 

-R
n

 

Temperature ( C 0) 

C 

GAPDH 

MUC9 

Figure S1 Curves obtained from PCR analysis. (A) Standard curve. (B) Dissociation curve obtained from q PCR of Lactobacillus bacteria. (C) Dissociation curve for 
the MUC-9 gene analysis by RT PCR.
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Figure S2 Flow cytometric analysis of fecal microbiota using 16S rRNA targeted probes. (A) The region R1 corresponding in relative size (FSC) - granularity (SSC) of 
the bacteria was delineated. This region R1 was gated for further dot plots and histograms. Flow cytometry histograms were obtained when the cell suspension was 
hybridized with (B, C) NONEUB338 probe (D, E) combination of EUB338 probe and Lab 158-Cy5. When the Fixed cell suspension was hybridized with the negative 
control probe NONEUB 338, auto fluorescence level in FL1 and FL4 ranged between 0 and 101, and the region M1 was defined. A shift in fluorescence to higher 
intensities was obtained upon hybridization with labeled probe. FL1 histogram shows green fluorescence intensities conferred by EUB 338-FITC probe (Fig C and F). 
FL4 histogram shows the red fluorescence intensities conferred by Lab 158-Cy5 probe (Figs D and G). The events under M1 represent the proportion (%) of lactobacilli 
cells hybridized with the Lab 158-Cy5 probe within the total bacterial cells hybridized with the domain bacteria probe EUB 338 (Fig E). The proportion of cells was 
corrected by subtracting the background fluorescence, which was measured using the negative control NON-EUB 338 probe.
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