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Disease Specific Area –
Human Microbiome EXPLOTING NATIVE MICROBIOTA OF 

HEALTHY INDIVIDUALS AS 
BIOTHERAPUTICS 

   

HIGH-THROUGHPUT CULTUROMICS  
& GENOMICS OF HUMAN MICROBIOTA 

Microbial Cocktail 
(genomic/evolutionary potential, 
antimicrobial, immuno-
modulatory potential                 
and animal testing of native 
oral/gut/skin microbiota) 

AIM 

PRODUCT 
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Disease Area Specific –Human Microbiome 
MiCURE - Microbiome based Consortium as therapeutics for 
Sepsis, Inflammatory Bowel Disease, Tuberculosis and Acne 

Dr. Anil Kumar  
Pinnaka 
Probiotics from Yak 

Dr.Neeraj Khatri 
Animal Model 
development for 
Sepsis 

Dr. Rashmi Kumar 
Immunology and IBD 

12 Scientist 
(    4 from MTCC) 
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Dr. Ashwani 
group 

HIGH-IMPACT FACTOR PUBLICATION IN MICROBIOME FROM INDIA 
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Commensal SEP 

28 SEP isolates from different body 
sites of healthy individuals of India 

  Isolate Site and Source Size (Mb) GC (%) CDS Accession Number 

1 VSE35 Retroauricular crease, F1 2.5 32.3 2330 MLXN00000000 
2 VSE57 Retroauricular crease, F1 2.4 32 2258 MLXL00000000 

3 VSE46 Retroauricular crease, F1 2.4 32 2272 MLXE00000000 

4 VSE43 Anetecubital Fossa, F1 2.4 31.9 2581 MLXD00000000 

5 VSE52 Anetecubital Fossa, F1 2.4 32 2256 MLXI00000000 

6 VSE37 Retroauricular crease, F2 2.4 31.9 2268 MLWZ00000000 

7 VSE42 Retroauricular crease, F2 2.4 32 2253 MLXC00000000 

8 VSE44 Retroauricular crease, F2 2.4 32 2331 MNAB00000000 

9 VSE58 Retroauricular crease, F2 2.4 31.9 2271 MLXM00000000 

10 VSE47 Retroauricular crease, F2 2.4 32 2249 MLXF00000000 

11 SE55 Retroauricular crease, F2 2.4 32 2304 LUBV00000000 

12 VSE50 Anetecubital Fossa, F2 2.39 32 2241 MNBF00000000 

13 VSE54 Anetecubital Fossa, F2 2.4 31.9 2255 MLXK00000000 

14 VSE39 Nares, F2 2.4 31.9 2264 MLXA00000000 
15 SE40 Nares, F2 2.48 31.9 2279 LUBM00000000 
16 VSE41 Nares, F2 2.4 32 2256 MLXB00000000 
17 VSE48 Nares, F2 2.3 32 2178 MLXG00000000 
18 VSE49 Nares, F2 2.4 32 2256 MLXH00000000 
19 SE51 Retroauricular crease, M1 2.47 31.9 2275 LUBR00000000 

20 SE45 Retroauricular crease, M1 2.48 31.9 2272 LUBH00000000 

21 VSE56 Retroauricular crease, M1 2.4 31.9 2302 LUBG00000000 

22 VSE53 Nares, M1 2.4 32 2282 MLXJ00000000 
23 VSE1 Opisthenar hand, F3 2.54 31.9 2315 LGVM00000000 

24 VSE2 Opisthenar hand, F3 2.42 32.1 2242 LGVI00000000 

25 VSE3 Opisthenar hand, F3 2.42 32.1 2258 LGVJ00000000 

26 VSE4 Opisthenar hand, F3 2.42 32.1 2263 LGVK00000000 

27 VSE5 Opisthenar hand, F3 2.48 32 2300 LGVL00000000 

28 VSE36 Nare, F1 2.45 32.5 2411 MSYS00000000 

Genomic relatedness : ANI tree  

Phylogenomic  
aspect 

Geography ?? 

21 SEP isolates from different body 
sites of healthy individuals of western 

origin  

Phylogeographic   
aspect 

Sharma S  et al., 
2018  
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ANI 
tree 

• Geography independent, 2 lineages PG1 
and PG2 
 

• Pathogenic as well as commensal strain in 
PG2 
 

• A transitional phase 

Clonal 

New ST : 
691 

Sharma S  et al., 2018  

Pathogenic strain  
Commensal strain  

MLST 
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Sharma S  et al., 

Comparative analysis 

Lantipeptide 

Sactipeptide 
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LARGE GENOMIC REGIONS WITH PROBIOTIC POTENTIAL THAT ARE UNIQUE TO INDIAN CLONE ST691 
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A NOVEL CLONE OF COMMENASAL  S. epidermidis on the Skin of Healthy Individuals from 
India 

FIRST LARGE-SCALE PHYLOGEOGRAPHIC STUDY OF A HUMAN COMMENSAL BACTERIUM 
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CONCLUSION 
 

1. New ST691 is predominant in Indian individuals 
 

2. ST691 isolate harbor a novel putative antimicrobial peptide 
 

3. SEP isolates divide themselves in 2 lineages independent of individual, body site 
and geographical location 
 

4. fdh (formate dehydrogenase) is a putative marker for commensalism of SEP 
isolates 
 

5. Absence of fdh gene along with presence of other pathogenic markers (icaA, 
mecA, IS256), can be used to distinguish between a true commensal or a strain 
with pathogenic potential  



CSIR-IMTECH CSIR-IMTECH 



CSIR-IMTECH CSIR-IMTECH 

Lactobacillus plantarum + Fructo-oligosaccharide 

40% reduction in sepsis and lower respiratory 
track infections 
Can be increased? 
Indian strain rather than US strain 
Population genomics and selection of right strain 
Exploiting novel probiotic strains and species available at MTCC 

In-depth genomic studies at 
IMTECH revealed that sepsis 
isolates and commensal isolates 
from India are unique from rest 
of world 
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~100 trillion microbes ~30 trillion 
   Human Microbiome 

Evolution trends of bacteria in human 
microbiome 
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human stomach lacks forestomach completely as well as squamous stratified epithelia for adhesion 
 
In humans, nutrients are absorbed in small intestine and are in small supply in colon, further complicating  
the adhesion of bacteria (Walter et al., 2010) 
 
Human intestinal lining is thickly lined with mucus leaving little space for colonization of L. reuteri.  

 

Differences in human gut as compared to other hosts for colonization of gut 

What is important for being a successful human commensal?  
To adhere or not to adhere! 
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Understanding Host Adaptation 

Adaptatio
n trends 

Mechanisms and processes considered to understand host adaptation 

Role of Genome Dynamics 

Maintains plasticity of genome and is source of antimicrobial resistance 
genes, gene clusters etc.  
 
Adaptation and evolution of commensal, pathogenic and environmental 
bacteria (Darmon and Leach, 2014). 
 
In a specific niche, IS expansion disrupts genes, ultimately leading to their 
removal from the genome, leading to genome streamlining and genome 
reduction. e.g. Wigglesworthia in the Tsetse fly (Bordenstein & Reznikoff, 2005; Moya 
et al., 2008). 

Patricia et al., 2014 

PROBIOGENOMICS 
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Cluster Function Human Poultry/ Human Rodent Pig 

pdu-cbi-cob-
hem 

Reuterin, Vitamin B12 + + - + 

Urease Surviving in acidic conditions - - + Rare 

SecA2-SecY2 Facilitates export of 
adhesins 

- - + + 

SPS1/SPS2 Helps in biofilm formation - Rare + Rare 

Levansucrase Helps in biofilm formation - + + + 

Candidate clusters 

Role of these clusters in adaptation to specific hosts??? ? 

? 

IMTECH outlier isolate 

+ 

+ 

+ 

- 

+ 

Human lineage: 
--No gene for biofilm formation 
--Has lost most of the genes 
--pdu-cbi-cob-hem cluster is required 
--reuterin production is required 

Rodent lineage: 
--Numerous biofilm formation genes are required 
--No function of pdu-cbi-cob-hem cluster 
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Vitamin absorption, Production of vitamin B and K, Recycling of food, Absorption 

of minerals, Fermentation – Production of short chain fatty acids (acetate, 

butyrate, propionate etc.) .. 

Production of antimicrobial substances such as bacteriocins 

Absence of genes encoding hemolysin and enterotoxins 

Probiotic strains - properties 
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Suresh Korpole, MTCC ,IMTECH 

•Singh PK, Sharma V, Patil PB, Korpole S. Identification, purification and characterization of laterosporulin, a 
novel bacteriocin produced by Brevibacillus sp. strain GI-9. PLoS One. 2012 Mar 5;7(3):e31498 
 
•Baindara P, Chaudhry V, Mittal G, Liao LM, Matos CO, Khatri N, Franco OL, Patil PB, Korpole S. 
Characterization of the antimicrobial peptide penisin, a class Ia novel lantibiotic from Paenibacillus sp. strain 
A3. Antimicrobial agents and chemotherapy. 2016 Jan 1;60(1):580-91. 
 
•Baindara P, Singh N, Ranjan M, Nallabelli N, Chaudhry V, Pathania GL, Sharma N, Kumar A, Patil PB, Korpole 
S. Laterosporulin10: A novel defensin like class iid bacteriocin from brevibacillus sp. strain SKDU10 with 
inhibitory activity against microbial pathogens. Microbiology. 2016 Aug 1;162(8):1286-99. 
 
•Baindara P, Gautam A, Raghava GP, Korpole S. Anticancer properties of a defensin like class IId bacteriocin 
Laterosporulin10. Scientific reports. 2017 Apr 19;7:46541. 
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Identification of isolates based on 16S rRNA gene sequence analysis 
*GRAS strains 

S. No. Strain Designation Identified as % Similarity 

1 RJAA.1(b) Enterococcus faecalis 100% 

2* RJ AA.1 Lactococcus gravieae 99.72% 

3* RJPB2.1 Lactococcus lactis subsp. lactis 100% 

4 RJRCA(1) Enterococcus hirae 99.93% 

5* RJAA.1(a) Lactococcus lactis subsp. lactis 99.86% 

6 RJ100  cream (b) Enterococcus faecium 99.86% 

7* RJRCA 100 Clostridium butyricum 99.64% 

8 RJBFA 10-2 Shigella flexneri 99.78% 

9 RJAA 100 Enterococcus durans 99.88% 

10 RJBFA 10-1 Enterococcus fergusonii 99.93% 

Identification of strains producing antimicrobial activity isolated 
from fecal sample of Rajasthan (Jaipur) 
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S.No. Strain Identified as % similarity (16s 
rRNA) 

1 CR1 Lactobacillus delbrueckii subsp. indicus  99.08 

2 CR6 Lactobacillus fermentum 99.23 

3 CA4 Lactobacillus delbrueckii 100 

4 CHMRS1 Lactobacillus fementum 99.52 

5 BFACB1 Lactobacillus delbrueckii 99.58 

6 CHMRS14 Lactobacillus delbrueckii subsp. indicus  99.31 

7 CHB1 Lactobacillus delbrueckii  100 

8 CA2 Lactobacillus delbrueckii 99.78 

9 CB4 Lactobacillus delbrueckii 99.28 

Identification of isolates obtained from fecal sample (Chandigarh) 

Test strains CR1 
(mm) 

CR6 
(mm) 

CA4 
(mm) 

CH  
MRS 1 
(mm) 

BFA CB1 
(mm) 

CH  
MRS 14 
(mm) 

CHB1 
(mm) 

CA2 
(mm) 

CB4 
(mm) 

Citrobacter 15 20 21 22 23 20 - - 23 

Bacillus 14 16 18 16 18 - - - 13 
S.aureus 16 20 22 22 20 18 - - TE 

Listeria 14 16 15 15 14 13 12 - 13 
Candida - - - - - - - - - 
Vibrio 30 >30 >30 >30 >30 26 20 12 >30 
Proteus >25 >25 >25 >25 >25 25 19 - >25 
Micrococcus 21 >25 >25 >25 >25 >25 >25 >25 22 
E.coli 15 24 17 16 18 16 - - 15 
Pseudomonas 19 21 22 21 19 19 TE - 19 

Antimicrobial activity of strains 48 h activity profile: 
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16S rRNA gene sequence similarity of the strain clb with closely related species  
S No  Phylogenetic close relative Strain Described by 16S rRNA  % similarity 

1 Clostridium butyricum ATCC 19398(T) Prazmowski 1880 AB075768 99.64 

2 Clostridium diolis DSM 5431(T) Biebl and Spröer 2003 AJ458418 97.97 

Antimicrobial peptide production by Clostridium spp. from 
Rajasthan and Chandigarh 

Vibrio cholerae 16 mm 
Pseudomona 
aeruginosa 

12 mm 

Bacillus tequilensis 12 mm 

Leuconostoc 
mesenteroides 

11 mm 16% SDS-PAGE analysis and in-gel activity 
assay of antimicrobial peptide 

kDa 
40.0 
25.0 

15.0 

10.0 

4.6 
1.7 
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24 kb 

Arrangement of genes involved in biosynthesis of antimicrobial peptide produced by C. 
butyricum stain clb 



CSIR-IMTECH CSIR-IMTECH 

 HIGH-THROUGHPUT MICROBIAL GENOMICS 
                         (CAPABILITIES) 

IMTECH 

MiSeq from ILLUMINA – Since 2013 
  (REVOLUTION ON A DESKTOP) 

HOSPITAL ACQUIRED 
INFECTIONS and OUTBREAKS  
of MDR strains in NICUs 
(IMTECH study pinpointed an 
outbreak to surface cap of 
antibiotic vial) 

MICROBIOME RESOURCES 
(IMTECH published first 
such study from Asia and 
one of the first in the 
world) 

Whole GENOMIC STUDIES 
population studies PIPELINE 
(IMTECH published first such 
study from Asia and one of 
the first in the world) 

Genomic resource of 
taxonomic, reference, 
medically important 
and probiotic strains  
(First such resource of a 
multidrug resistant 
bacterium - highly 
accessed) 

UNIQUE  
MARKERS FOR 
EPIDEMIOLOGY 
AND AS DRUG 
TARGETS 

TRANSCRIPTOME 
SEQUENCING  PIPELINE 
(First bacterial RNA seq 
data submitted from 
India) 
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ECO-EVO STUDIES for Microbial Cocktail 
(ECOLOGIAL AND EVOLUTIONARY STUDIES) 

INDEPTH GENOME BASAED EVOLUTIONARY STUDIES 
(at the level of genus, species, strains and clones) 

HUMAN DIVERSITY 
DIVERSITY IN FOOD HABITS 
DIVERSITY IN CULTURE 

GENERIC, NOVEL and UNIQUE PROBIOTICS 
for Consortia 

TROPICAL CLIMATE 
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THANK YOU! 


