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Conventional Conventional ““cytosensorcytosensor”” assaysassays
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““CytosensorCytosensor fingerprintingfingerprinting””

Cytoplasm

Nucleus

Chemical
Molecular
profile

(fingerprint)

Receptor(s)



Chemical stimulus



08/11/201208/11/2012 NaegeliNaegeli 66

Number of endpointsNumber of endpoints

Genomics

Transcriptomics

Proteomics

Metabolomics

DNA

mRNAs

Proteins

Metabolites

25‘000 genes

> 100‘000

transcrips

> 1‘000‘000

proteins

1‘000 - 10‘000

metabolites



RNA polymerase

mRNA

transcript
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Oligonucleotide probe

Chip surface

Basics of Basics of transcriptomicstranscriptomics: microarrays : microarrays 

((““DNA chipsDNA chips””))
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Affymetrix
GeneChips

microarray surface

microarray surface

Hybridization on DNA microarraysHybridization on DNA microarrays
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HighHigh--density DNA microarraysdensity DNA microarrays



TrancriptomicTrancriptomic compound signaturescompound signatures
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Weinstein & Pommier (2003) C.R. Biologies 326, 909-920 
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1376 transcripts     



TrancriptomicTrancriptomic hepatotoxinhepatotoxin signaturessignatures
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Waring et al. (2001) Toxicol. Lett. 120, 359-368; Hamadeh H K et al. (2002) Toxicol. Sci. 67, 232-240

Liver enzyme inducers Peroxisome proliferators

21 classifier transcripts:     



TrancriptomicTrancriptomic PAH signaturesPAH signatures
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Song et al. (2012)Toxicol. Lett. 212, 18-28

Principal component analysis 
(PCA)     
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Bowens et al. (2009) Analyst 134, 939-944 

type A                 type B     

TrancriptomicTrancriptomic trichothecenetrichothecene signaturessignatures



LowLow--density arraysdensity arrays

mRNA extracted
from cell

Reverse
transcriptase cDNA
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R Q

R, fluorescent reporter

Q, nonfluorescent quencher

P, thermostable DNA polymerase

Heat denaturation � Hybridization � Primer 

extension � Heat denaturation

P

P

RealReal--time RTtime RT--PCR (1)PCR (1)



R

Q

RealReal--time RTtime RT--PCR (2)PCR (2)



RTRT--PCR arraysPCR arrays



Readout of RTReadout of RT--PCR assaysPCR assays



cereals

Lancova et al. (2009) World Mycotoxin Journal 2, 247-257 

Detection of type A Detection of type A trichothecenestrichothecenes

in breakfast cerealsin breakfast cereals



Sample with low POP 

contamination

Sample with high 

POP contamination

Dip et al. (2008) CHIMIA 62, 410-416

Detection of POPs in breast milkDetection of POPs in breast milk
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Maize sample contaminated 

with zearalenone (certified 

reference material)
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Blank Sample (< 0.5 pg/mL)

Medium level (83 pg/mL)

Zearalenone standards at five 

concentration levels

Detection of Detection of zearalenonezearalenone in maizein maize
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�� MultiMulti--endpoint strategy based endpoint strategy based 

on molecular fingerprintingon molecular fingerprinting

�� Advantages in comparison to Advantages in comparison to 

conventional bioassays:conventional bioassays:

–– Improved Improved 

sensitivity/selectivitysensitivity/selectivity

–– Biologically relevant endpoint Biologically relevant endpoint 

in a toxicologically significant in a toxicologically significant 

targettarget

–– Simultaneous detection of Simultaneous detection of 

multiple contaminant groups multiple contaminant groups 

Conclusion: Food analysis by Conclusion: Food analysis by 

cytosensorcytosensor fingerprintingfingerprinting
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Future trendsFuture trends

�� Increased responsiveness of Increased responsiveness of 
cytosensorcytosensor by integration of additional by integration of additional 
receptorsreceptors

�� Miniaturization, automationMiniaturization, automation

�� ThreeThree--dimensional cell culture systemsdimensional cell culture systems

�� Use of induced Use of induced pluripotent stem cellspluripotent stem cells


