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Introduction

Digests 100g of food per day 
Provides SCFA for the growth of the gut epithelial cells

Produces vitamins (K and B)
Makes the first line of protection against pathogens

Modulates hosts immunity

95% of the cells in the human body are bacterial
~ 1kg of total biomass (an “organ”)

~ 500 different bacterial species in each individual
the HIT microbiota composition influenced by genetics and environment

“unique fingerprint”



IntroductionUncultured Cultured

152 found in more 
then one 16S rRNA 

gene library

1016 found in 
16S rRNA gene 

libraries

341 isolates

46 clinical isolates

35 found in 16S rRNA 
gene libraries but 
isolated in other 

ecosystems

105 isolates found in 
16S rRNA gene 

libraries

27 without 16S rRNA 
gene sequence
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For majority of phylotypes 
16S rRNA gene sequence – the only available information

16S rRNA gene the only alternative for the array design



Introduction

Flexible array design desired

341 phylotypes found

~ 800 individuals analysed

~ 500 phylotypes expected
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1016 phylotypes found 

~ 50 individuals analysed

~ 4,500 phylotypes  expected
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Methods

Hypervariable regions identified

+ =

V1 probes –12 signals V6 probes –14 signals

In combination –10 signals
SPECIFIC HYBRIDISATION

Proof of principle



Methods

Reverse complement

tgtctccactgctccgaagagggatcacggttaaagtgttttcagtgggatgtcaagacttg

tgtctccactgctccgaagaggga

Sequence from the left side, length 24 bp

gagggatcacggttaaagtgtttt

Sequence around middle nucleotide, length 24 bp

ttttcagtgggatgtcaagacttg

Sequence from the right side, length 24 bp

V1 and V6 region 24-72bp

CAAGTCTTGACATCCCACTGAAAACACTTTAACCGTGATCCCTCTTCGGAGCAGTGGAGACA



Methods
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Distribution of predicted melting temperatures for the microarray probes (24bp)

Prediction of the Melting Temperatures of Probes
(Tm = 81.5 + 16.6× log(Na+) + %GC – 600/N)

Probes should fit into a narrow range of Tm



Methods

tgtctccactgctccgaagaggga

Sequence from the left side, length 24 bp

gagggatcacggttaangtgtttt

Sequence around middle nucleotide, length 24 bp

ttttcagtgggatgtcaagacttg

Sequence from the right side, length 24 bp

gtgttttcagtgggatgtcaagacttg

tgtctccactgctccgaagaggga



Methods
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Distribution of predicted melting temperatures – original design (24 bp)
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Distribution of predicted melting temperatures after redesign (24 +/- 6 bp)



Methods

~ 5 500 probes printed in duplo
~ 1 100 organisms targeted

MySQL database constructed



Methods

Incubation at 62.5oC for 16 h

Washing

DNA from faecal or artificial sample

16S rRNA labelling with Cy3

16S rRNA gene PCR amplification

Reverse transcription with aaUTP

Fragmentation

16S rRNA labelling with Cy3

16S rRNA gene PCR amplification

Reverse transcription with aaUTP



Results

Agilent in situ synthesized arrays – good quality of reading



Results

Pearson’s R = 0.890Pearson’s R = 0.998



Results

Background

Probes with low signal intensity 
(< 120)

In silico obtained images of the HITChip signals for:



Results

Pearson’s R = 0.890

Pearson’s R = 0.987

normalisation

Highly reproducible experiments

Different DNA extraction ~97%
Different PCR amplification ~99%
Different hybridisation ~100%



ResultsStability check

Pearson’s R = 0.89

Pearson’s R = 0.62

Pearson’s correlation – indication of stability

Value of the correlation factor influenced by
- quantitative changes
- qualitative changes



ResultsIdentification

Principle: both variable regions responding > organism present

Signal intensity of targeted probes 
obtained with fragmented RNA
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6 probes hybridising > organism identified

Large signal variation

PRO
Secondary structure of a probe
Multiple prints of a sequence

CON
Narrow range of Tm

The same targeted region

Impossible to correct for
Not-responding probes empirically determined and excluded



ResultsIdentification

Bacteroides fragilis et rel.BacteroidetesBacteroidesBacteroidaceaeBacteroidalesBacteroidetesbacterium adhufec355

Bacteroides ovatus et rel.BacteroidetesBacteroidesBacteroidaceaeBacteroidalesBacteroidetesBacteroides ovatus

Ruminococcus gnavus et rel.Clostridium cluster XIVaRuminococcusLachnospiraceaeClostridialesFirmicutes Ruminococcus gnavus

Peptostreptococcus micros et rel.Clostridium cluster XIIIUnclassifiedPeptostreptococcaceaeClostridialesFirmicutesuncultured bacterium G170

16S level 216S level 1GenusFamilyOrderPhylumName

6 (or less) probes hybridising > organism present



Results

Percentage of C.leptum group in the faeces
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Group quantification

Probe signal - not quantitative

Variation in signal intensity stochastic

Σ (signal per group) - quantitative 

The same trends as with other techniques



Results

WU2
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Results

Relative quantification obtained for 10 OTU's in 
range 0.1 to 3%
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Expected trends until ~0.3%

All 6 probes per targeted organism used
Not all probes are species specific

Analysis should be limited only on the probes specific for the taxonomic level



Sample #

Bif idobacterium
Actinomyces

Streptococcus
Roseburia

Subdoligranulum
Dialister

Unclassif ied Clostridiaceae
Acetivibrio

Faecalibacterium
Parabacteroides

Prevotella
Anaerostipes

Fusobacterium
Lactococcus

Achromobacter
Citrobacter

Desulfovibrio
Bulleidia

Bacteroides
Unclassif ied Firmicutes

Unclassif ied Oxalobacteraceae
Anaerofustis

Stenotrophomonas
Clostridium

Corynebacterium
Akkermansia
Lactobacillus

Unclassif ied Erysipelotrichaceae
Eggerthella
Finegoldia

Uncultured Clostridiaceae
Anaerotruncus

Weissella
Asteroleplasma
Aneurinibacillus

Atopobium
Shigella

Bryantella
Pediococcus
Escherichia

Lachnospira
Oxalobacter
Eubacterium

Unclassif ied Bacteroidales
Alistipes

Unclassif ied Clostridiales
Propionibacterium

Unclassif ied Cyanobacteria
Papillibacter

Veilonella
Bacillus

Succiniclasticum
Staphylococcus

Unclassif ied Coriobacteriaceae
Enterococcus

Allisonella
Peptococcus

Unclassif ied Burkholderiales
Collinsella

Salmonella
Novosphingobium

Phascolarctobacterium
Unclassif ied Porphyromonadaceae

Victivallis
Tannerella

Slackia
Unclassif ied Alphaproteobacteria

Varibaculum
Catenibacterium

Holdemania
Ruminococcus

Anaerovorax
Unclassif ied Lachnospiraceae

Coprococcus
Dorea

Coprobacillus
Sutterella

Brachyspira
Helicobacter
Butyrivibrio

Denitrobacterium
Peptostreptococcus
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PCA with absolute signals

PCA with relative signals

Results



Conclusions

HITChip – diversity microchip that covers all up to now 
known human intestinal microbiota was developed and 
validated
Probe design is flexible and allows easy addition of new 
probes for novel organisms of the ecosystem
Results of the HITChip are of good quality and 
reproducibility 
MySQL support database for the chip for normalisation 
and processing of the results was designed 
HITChip allows rapid identification, group quantification, 
relative quantification and stability check – superior tool 
for intestinal microbiota analysis
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