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Microbial diagnostic microarrays at Seibersdorf researchMicrobial diagnostic microarrays at Seibersdorf research

•• TechniquesTechniques -- Microarrays for Beginners, Kluwer, 2003Microarrays for Beginners, Kluwer, 2003

•• Pilot array Pilot array -- construction and validationconstruction and validation

•• Pilot array Pilot array -- first highfirst high--throughput applicationthroughput application

•• Options to adjust baseline techniqueOptions to adjust baseline technique
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Aim:Aim:
Fast, parallel detection and identification of microorganisms

• Food contamination
• Human / animal / plant pathogens

• Gut, skin, oral microbial communities (human)
• Epidemiology studies

• Environmental analyses, ecotoxicology
• Assessment of soil quality

• Quality control of wastewater treatment
• Analysis of processes by complex microbial communities

Methodology:Methodology:

Oligonucleotide microarrays
+

Molecular ecology
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Array printing 
aldehyde slides, 
5’-NH2-C12-TTTTT-18-28mer-3’,
50% DMSO, contact printing

Design of oligo probe set, 
in silico predictions
ARB, CalcOligo and Excel

Hybridisation
5xSSC, O/N, 55°C

Target preparation

M
icroarray preparation

Refinement of
probe design and of
in silico predictions 

Data mining
normalisation to positive controls

comparing results to:
1. in silico predictions

Scanning
immediately, close-to-saturation

Details:
www.diagnostic-arrays.com

/approach.htm

Microbial community analysisMicrobial community analysis
Environmental microbiology,Environmental microbiology,

Microbial ecologyMicrobial ecology
2. those obtained with reference sequences

MethodologyMethodology Sequence database: establishment
ARB software package

Sampling
lyophilisation

DNA purification
bead beating

Preparation of labelled targets
PCR with T7 modified primers

In vitro transcription with 
direct Cy3-UTP incorporation

Fragmentation
Zn(II), alkalic pH

Detection / identification Detection / identification 
Clinical / food applicationsClinical / food applications
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Bacteria gDNA

DNA purification

Amplified gene fragment

PCR

Labelled target (RNA)

In vitro transcription

Hybridisation

Control 1
(universal pmoA)

Control 2
(hyaB, added)

Positive probes
(diff. intensities)

Spotted array

Hybridisation with a single strain #1Hybridisation with a single strain #1
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Bacteria Labelled target (RNA)

Jpn284Jpn284 41%41%
LP20LP20--644644 112%112%
Ia193Ia193 145%145%
Ia577Ia577 78%78%

mtrof173mtrof173 1352613526
mtrof362mtrof362 86528652
mtrof661mtrof661 2251322513
mtrof662mtrof662 1401814018
hyaBphyaBp 1025710257
Jpn284Jpn284 48954895
LP20LP20--644644 1982019820
Ia193Ia193 2431524315
Ia577Ia577 1196811968

Reference set #1 Reference set #1 -- universal pmoA probesuniversal pmoA probes
Signal := 100%Signal := 100%

Reference option #2 Reference option #2 -- hyaB probe; externally added DNAhyaB probe; externally added DNA

Hybridisation with a single strain #2Hybridisation with a single strain #2
Normalisation of resultsNormalisation of results



26.09.2003, Bremen Levente Bodrossywww.diagnostic-arrays.com
www.arcs.ac.at/ul/ulb/bt

Bacteria Labelled target (RNA)

Jpn284Jpn284 41%41%
LP20LP20--644644 112%112%
Ia193Ia193 145%145%
Ia577Ia577 78%78%

Jpn284Jpn284 48%48%
LP20LP20--644644 118%118%
Ia193Ia193 139%139%
Ia577Ia577 72%72%

Jpn284Jpn284 39%39%
LP20LP20--644644 125%125%
Ia193Ia193 135%135%
Ia577Ia577 87%87%

Jpn284 43%
LP20-644 118%
Ia193 139%
Ia577 79%

Hybridisation with a single strain #3Hybridisation with a single strain #3
Parallel arrays on a single chipParallel arrays on a single chip
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Strain A

Strain B

Strain C

Probe Max% Read Rel.abundance
Jpn284 41% 13% 0.32
LP20-644 112% 41% 0.35
Ia193 145% 52% 0.35
Ia577 78% 28% 0.38
B2-400 72% 18% 0.25
B2all 61% 12% 0.18
Msi270 172% 87% 0.52
II510 228% 114% 0.58
II630 310% 158% 0.49

~30% Methylobacter sp. BB5.1

~20% Methylocapsa acidophila - related

~50% Methylosinus sporium - related

Hybridisation with an environmental mixtureHybridisation with an environmental mixture
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Microbial diagnostic microarrays at Seibersdorf researchMicrobial diagnostic microarrays at Seibersdorf research

•• TechniquesTechniques

•• Pilot array Pilot array -- construction and validation construction and validation 
-- Bodrossy et al., Environmental Microbiology, July 2003.Bodrossy et al., Environmental Microbiology, July 2003.

•• Pilot array Pilot array -- first highfirst high--throughput applicationthroughput application

•• Options to adjust baseline techniqueOptions to adjust baseline technique
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Target group of bacteria for pilot array: MethanotrophsTarget group of bacteria for pilot array: Methanotrophs

Methanotrophs are...

• ... a unique group of bacteria using 
methane as sole source for carbon 
and energy

• ... very important in mitigating the 
greenhouse effect

• ... a taxonomically well defined 
group of bacteria suiting the 
requirements for a test group

• ... the pmoA gene can be used as a 
(“functional”) phylogenetic marker 
(over 500 sequences available)
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Target group of bacteria for pilot array: MethanotrophsTarget group of bacteria for pilot array: Methanotrophs

Aerobic
zone

Border
zone

Anaerobic
zone

MethanotrophsMethanotrophs

Methanogens

CH4

CH4 CO2

CO2

O2

O2

Soil / water level
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Final probe set / predicted Final probe set / predicted hybhyb. behaviour. behaviour

(ARB � CalcOligo � Excel)
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Final probe set Final probe set -- layout and validation with pure cultureslayout and validation with pure cultures

layoutlayout

validation validation 
with pure with pure 
culturescultures
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Final probe set Final probe set -- validation with pure culturesvalidation with pure cultures

Positive calls:
• >5% of the strongest signal 

received; 
• min 3% of the ref. probe mtrof173
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Unexpected results (expected: PM to 1.5wMM yield positive signal; above 1.5wMM: no signal):

Out of 3660 individual hybridisation reactions (61 validated probes x 60 reference targets):
● 3621 (98.9%) yielded the expected result.
● 39 (1.1%) resulted in false negative or positive signal.
● 17 of the above 39 are associated with long continuous PM regions (Tm ≥ 48 ºC).
● 43 of the 61 probes (70.5%) validated behaved 100% as predicted.

CalcOligoCalcOligo used to weigh mismatches:

Deviations in the Deviations in the hybhyb. behaviour . behaviour -- results of the probe setresults of the probe set

• Generates Excel table
• Enables accounting for microarray-specific effects 
� Will predict Tm, instead of displaying MM numbers
� Will enable the refinement of the prediction 

parameters to fit predictions to results
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Evaluation with Evaluation with env.samplesenv.samples I: soil microcosm sampleI: soil microcosm sample
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Evaluation with Evaluation with env.samplesenv.samples II: landfill site cover soilII: landfill site cover soil



26.09.2003, Bremen Levente Bodrossywww.diagnostic-arrays.com
www.arcs.ac.at/ul/ulb/bt

Microbial diagnostic microarrays at Seibersdorf researchMicrobial diagnostic microarrays at Seibersdorf research

•• TechniquesTechniques

•• Pilot array Pilot array -- construction and validationconstruction and validation

•• Pilot array Pilot array -- first highfirst high--throughput applicationthroughput application

•• Options to adjust baseline techniqueOptions to adjust baseline technique
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Full scale application: landfill site experimentFull scale application: landfill site experiment

5x: Plant covers:
• Poplar (P+, P-)
• Miscanthus (M+, M-)
• Grass (G+, G-)
• Grass&Alfalfa (GL+, GL-)
• Bulk soil (BS+, BS-)

5x depths:
• 10 cm
• 20 cm
• 30 cm
• 50 cm
• 60 cm

•2x: with/without methane

•5x: replicates of each pot

Effect of plant cover on bacterial Effect of plant cover on bacterial 
methane oxidation in the cover soil?methane oxidation in the cover soil?

250 samples
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Full scale application: landfill site experimentFull scale application: landfill site experiment
Grass + Alfalfa without methane Grass + Alfalfa with methane note: pots’ contents 

are upside down!

Anaerobic zone
CH4 + CO2

Oxidation zone
CH4 + 2O2�

CO2 + 2H2O 

Aerobic zone
O2

Chemical data also collected:
CH4, O2, CO2, seepage water, %dry
matter, %N, %C, C/N, pH, ammonium, 
nitrate, sulphate, chloride, hydrogen
sulphide, position of the oxidation zone

● Experiment ran for 2 years
● 250 samples out of 50 pots taken
● Soil samples homogenised and 

analysed using the methanotroph 
diagnostic microarray
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Full scale application: landfill site experiment Full scale application: landfill site experiment -- oxidation capacitiesoxidation capacities
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Pilot chip Pilot chip -- methanotrophsmethanotrophs
Application in landfill site studiesApplication in landfill site studies
• Type Ib and Type II dominating
• Type II (Methylocystis) only if methane added
• Type Ib (Methylocaldum) - stable presence
• Type Ia (Methylobacter) - in a few pots only
• Sporadic appearance of Methylomonas, 

Methylomicrobium, group LP21 and 
Methylocaldum-related groups

• Methylococcus, Methylosinus never detected
• (Ammonia oxidisers not targeted by PCR)
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Full scale application: parallel samples merged (CHFull scale application: parallel samples merged (CH44 + only)+ only)

Comparing plant covers

•GA+: highest abundance of type II, 
throughout the pots

•P+ and M+: low diversity in the top 10 cm
•P+ and M+, 50-60 cm: Methylocaldum
hardly at all present (resting cells?)

•BS+ below 30 cm: no type II, no type Ia
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Full scale application: strange results (outlier pot)Full scale application: strange results (outlier pot)
Gas profiles:   CH4 ,  O2GA+ 20 lysimeter with strange results
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Explanation: air leaked into pot P20 ( => very high diversity)
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Full scale application: summaryFull scale application: summary

• Key players: Methylocystis (type II) and Methylocaldum (thermotolerant 
typeIb)

• Methylocaldum able to survive under low methane conditions as well
• Deeper layers (low oxygen, high methane) have Methylocystis species 

harbouring a second, novel type of pMMO - apparently conferring advantage 
to the bacteria under these conditions

• Best performance of Grass+Alfalfa plant cover correlates with a high ratio of 
Methylocystis throughout the analysed layers

• Grass+Alfalfa plant cover supports Methylocapsa
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Pilot array Pilot array -- present potentialpresent potential

• Aim: Community analysis of a well defined physiological group of bacteria
• Criteria: Parallel, high-throughput, high resolution, results comparable on a 

quantitative basis

• Up to 1000 oligoprobes applicable - parallel
• Results in 24 hours (starting from samples)
• Resolution down to the species level
• Analysis focused on a physiological group of microbes
• Analysis extended to uncultivated members of this physiological group
• PCR bias known & manageable
• Reliable detection of major populations (bacteria at 5% or more of the total 

community targeted by the PCR)
• Semi-quantitative results
• Quantitative comparisons, esp. for temporal or spatial changes, possible

•• Generation of high resolution data on community structuresGeneration of high resolution data on community structures



26.09.2003, Bremen Levente Bodrossywww.diagnostic-arrays.com
www.arcs.ac.at/ul/ulb/bt

Microbial diagnostic microarrays at Seibersdorf researchMicrobial diagnostic microarrays at Seibersdorf research

•• TechniquesTechniques

•• Pilot array Pilot array -- construction and validationconstruction and validation

•• Pilot array Pilot array -- first highfirst high--throughput applicationthroughput application

•• Options to adjust baseline techniqueOptions to adjust baseline technique
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Challenges Challenges –– options to meet themoptions to meet them

• Phenotype of the detected microbes (pathogenicity, AB resistance, etc.) to be predicted
•• Sequence databases (16S, IGS, Sequence databases (16S, IGS, gyrBgyrB with clinical traits linked)with clinical traits linked)

• Improved prediction of the hybridisation behaviour of the oligoprobes
•• BioinformaticsBioinformatics + + data on array specific effectsdata on array specific effects (immobilisation, steric hindrance, etc.)(immobilisation, steric hindrance, etc.)

• Array not focusable to a physiological group
•• 16S, 23S (also 16S, 23S (also gyrBgyrB and and rpoBrpoB) databases) databases

• Higher resolution needed (below the species level, e.g. medical diagnostics)
•• IGS, IGS, gyrBgyrB and tmRNA databasesand tmRNA databases

• PCR not acceptable (too much bias and/or only live bacteria assayed for)
•• Direct detection of rRNA or tmRNADirect detection of rRNA or tmRNA
• More reliable quantification required
•• 22--colour hybridisationscolour hybridisations
• Minor groups of bacteria (not dominant ones) need to be reliably detected 
•• Sequence specific end labelling of oligonucleotidesSequence specific end labelling of oligonucleotides
• Shorter time-to-result required (food diagnostics, bedside diagnostics)
•• Direct rRNA/tmRNA detection, evanescent field scanning technologDirect rRNA/tmRNA detection, evanescent field scanning technologyy
• Various limitations in probe design to be overcome
•• LNA residues in DNA oligoprobesLNA residues in DNA oligoprobes
• Other physiological group of bacteria to be targeted
•• Databases of other genes (Databases of other genes (nirS/nirK, nifH, norB, mcrA, rbcL, ndoB, etcnirS/nirK, nifH, norB, mcrA, rbcL, ndoB, etc.) .) 
• Physiological activities of the bacteria detected to be understood
•• Isotope arraysIsotope arrays
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• Phenotype of the detected microbes (pathogenicity, AB resistance, etc.) to be predicted
•• Sequence databases (16S, IGS, Sequence databases (16S, IGS, gyrBgyrB with clinical traits linked)with clinical traits linked)

• Improved prediction of the hybridisation behaviour of the oligoprobes
•• BioinformaticsBioinformatics + + data on array specific effectsdata on array specific effects (immobilisation, steric hindrance, etc.)(immobilisation, steric hindrance, etc.)

Challenges Challenges –– options to meet themoptions to meet them

• More reliable quantification required
•• 22--colour hybridisationscolour hybridisations
• Minor groups of bacteria (not dominant ones) need to be reliably detected 
•• Sequence specific end labelling of oligonucleotidesSequence specific end labelling of oligonucleotides

• Array not focusable to a physiological group
•• 16S, 23S (also 16S, 23S (also gyrBgyrB and and rpoBrpoB) databases) databases

• Other physiological group of bacteria to be targeted
•• Databases of other genes (Databases of other genes (nirS/nirK, nifH, norB, mcrA, rbcL, ndoB, etcnirS/nirK, nifH, norB, mcrA, rbcL, ndoB, etc.) .) 

• Higher resolution needed (below the species level, e.g. medical diagnostics)
•• IGS, IGS, gyrBgyrB and tmRNA databasesand tmRNA databases

• PCR not acceptable (too much bias and/or only live bacteria assayed for)
•• Direct detection of rRNA or tmRNADirect detection of rRNA or tmRNA

• Shorter time-to-result required (food diagnostics, bedside diagnostics)
•• Direct rRNA/tmRNA detection, evanescent field scanning technologDirect rRNA/tmRNA detection, evanescent field scanning technologyy

• Physiological activities of the bacteria detected to be understood
•• Isotope arraysIsotope arrays

• Various limitations in probe design to be overcome
•• LNA residues in DNA oligoprobesLNA residues in DNA oligoprobes

Stahl et al., U.Washington, USA

Rudi et al., Matforsk, N

Wagner et al., U.Vienna, A

Zhou et al., Oak Ridge, USA

Tiedje et al., Michigan, USA

Chandler et al., Argonne, USA

Call et al., Washington State Univ., USA

Börchers et al., ICB, D

Wengel et al., U.Southern Denmark, D

Chizhikov et al., FDA, USA

Cerniglia et al., FDA, USA

Anthony et al., King’s College, UK Kawaguchi et al., GRI, J

Glöckner et al., Max Planck, D

Mirzabekov et al., Engelhardt, R

Borneman et al., U.California, USA

DeRisi et al., U.California, USA

DeBellis et al., Segrate, I

Ludwig et al., TU Munich, D

Andersen et al., Lawrence Livermore, USA
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TwoTwo--colour quantification:colour quantification:

Strains: A B C D E
Bacteria

Internal control Labelled 
target

Mixture of labelled target

Sample

Hybridisation onto the chip

75%75% 25%25% 00 50%50% 75%75%

Chip after hybridisation
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Artificial Mixture #3Artificial Mixture #1 Artificial Mixture #2

Ratios (%) M

1
3
60
30
10

easured 
ratios (%)

2.1
4.7
36
43
12

Ratios (%)

10
1
3

60
30

Measured 
ratios (%)

20
2.3
3.6
51
22

Clone SL-5.102
Mcl. szegediense OR2
Clone SL-5.70
Clone rbp46
Clone JY-6.48

Ratios (%) M

60
30
10
3
1

easured 
ratios (%)

68
21
6.1
4.0
1.8

Standard deviations are in the range of 0.4-17.2 %

TwoTwo--colour quantification: colour quantification: 
Testing its potential with artificial PCR mixturesTesting its potential with artificial PCR mixtures
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Landfill site cover soil

Soil microcosm

TwoTwo--colour quantification: Testing against environmental samplescolour quantification: Testing against environmental samples
Results are in good agreement with those of independent community analyses.
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Sequence specific end labelling of oligos   Sequence specific end labelling of oligos   
(Rudi and (Rudi and HolckHolck, NAR, 2003), NAR, 2003)
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Sequence specific end labelling of oligos Sequence specific end labelling of oligos (Rudi and (Rudi and HolckHolck, NAR, 2003), NAR, 2003)

Target:
5’-TGGCATGCACCGTCACGTACGCGCGCCGTTTGCATCGCTACGTCATCGTCAGCTGGCATGCACCGTCACGTACGCGCGCCGTTTGCATCGCTACGTCATCGTCAGC -3’
3’-ACCGTACGTGGCAGTGCATGCGCGCGGCAAACGTAGCGATGCAGTAGCAGACGACCGTACGTGGCAGTGCATGCGCGCGGCAAACGTAGCGATGCAGTAGCAGACG -5’
Synthesized, labelled target:
5’-TGGCATGCACCGTCACGTACGCGCGCCGTTTGCATCGCTACGTCATCGTCAGCTGGCATGCACCGTCACGTACGCGCGCCGTTTGCATCGCTACGTCATCGTCAGC -3’

Probe on the array:         3’-AAACGTAGCGATGCAGTAGCAG-5’

Target:
5’-TGGCATGCACCGTCACGTACGCGCGCCGTTTGCATCGCTACGTCATCGTCAGCTGGCATGCACCGTCACGTACGCGCGCCGTTTGCATCGCTACGTCATCGTCAGC -3’
3’-ACCGTACGTGGCAGTGCATGCGCGCGGCAAACGTAGCGATGCAGTAGCAGACGACCGTACGTGGCAGTGCATGCGCGCGGCAAACGTAGCGATGCAGTAGCAGACG -5’
Synthesized, labelled target:

5’-TTTGCATCGCTACGTCATCGTC -3’

Probe on the array:         3’-AAACGTAGCGATGCAGTAGCAG-5’
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Direct detection of RNA (rRNA, tmRNA)Direct detection of RNA (rRNA, tmRNA)
Requires naturally amplified nucleic acids - rRNA: 103-105; tmRNA:102-103 copies per cell

• Direct labelling - commercially available kits (Micromax ASAP, LabelIt, etc.)

• Polyacrilamide microarray pads combined with direct labelling (originally developed by Andrei 
Mirzabekov, now applied and improved by Dave Stahl’s group, Univ. Washington)

• Capture + (labelled) detector probes (Chandler et al., 2003)

Detector probeCapture probe
NH2-C12-TTTTTACCGCGTAGTAGCGTTGCATGGTGTGAAC

TGGCATGTGGCGCATCATCGCAACGTACCACACTTGGGTAGACAGGCCATCGACAGCTGACTGCGACTCGGGCATATCGAAACGTC
ATCTGTCCGGTAGCTGTCGA
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• evanescent field excitation of bound
fluorophors

• sensor chips with integrated flow
channel

• separation/washing free detection of 
hybridization

• associationassociation and dissociationdissociation kinetics

and

Cy5-labelled PCR 
product

sensor chip

3 min3 min

results (slope)

DNA Biosensorchips DNA Biosensorchips forfor realreal--time time hybridizationhybridization analysisanalysis
(Evanescent field technology)(Evanescent field technology)
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LNA oligosLNA oligos Exiqon A/SExiqon A/S

• Short diagnostic regions - increase Tm

• LNA residues at diagnostic positions -
increase specificity

• Potential to increase Tm of the whole 
probe set - improve S/N, increase 
sensitivity
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Summary:Summary:

• A comprehensive set of methods and protocols for microbial diagnostic 
microarrays - adaptable to a wide range of upcoming novel technology 
platforms (evanescent field based detection, bead arrays, capillary bead 
arrays, cantilevers, electronic detection, etc.)

• High resolution, semi-quantitative picture of the bacterial community 
obtainable from any samples / environments

• Looking for strategic partnership and/or contract research to develop 
microbial diagnostic microarrays 

• Please visit our websites: www.diagnosticwww.diagnostic--arrays.comarrays.com ==> www.arcs.ac.atwww.arcs.ac.at
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