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Construction of the pH sensors

pMBA 

(4-mercaptobenzoic acid)
+

ThepH sensitivity is achievedmixing10-3M pMBAwith the SERS probes

1 mm

Micro sized silica bead 

covered with silver 

nanocolloidparticles

Bálint, J. Physical Chemistry C, 2009
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Cell protocol

Glioblastoma(U-87 MG)

cancer cells



Cell protocol

2 h incubation with 2x10-6 M emodin

PDT treatment: 1.0 J/cm2 and 6.0 J/cm2

532 nm

time [min]

Over night incubation with pH probes
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Raman setup combined with optical tweezers
Optical setup used



Photodynamic drug induced pH changes in 

live cancer cells studied with SERS probes

How the experiments were performed ?

Constructionof the SERS probes

Cell protocol

Opticalsetupused

Calibrationof pH probes

Resuts that we obtained and discussion

Analysisof the data with 2D correlation

pH calibrationcurve

pH changesfor control, low and highdosage

Conclusion



Calibration of pH probes

pMBA 
+

Thecalibrationwasdone by measutingthe SERS spectrafrom the probesin

differentsolutionswith pH valuesbetween2 - 7.5

Calibrationcurve wasconstructedof the PMBA markerband intensityversus pH

2D correlationanalysis

pH:  2- 7.5
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Analysis of the data with 2D correlation

The procedure performs a quantitative comparison of patterns of spectral intensity 

variations along the external variable observed at two different spectral variables.

System

Perturbation(mechanical, electrical, 

chemical, magnetic, 

optical, thermalé)

Electro-magnetic probe 
(IR, UV,é) Dynamic spectra

Synchronous Asynchronous



Synchronous Asynchronous

pMBA can follow the pH in cancer cell
Analysis of the data with 2D correlation

BalintS., RaoS., Marro M. et al.; 2010 Submitted
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pH calibration curve

BalintS., RaoS., Marro M. et al.; 2010 Submitted
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0 J/cm2 1.0 J/cm2 6.0 J/cm2

pMBA can follow the pH in cancer cellMonitoring of pH changes in PDT treated 

cells

BalintS., RaoS., Marro M. et al.; 2010 Submitted



pH drop during PDT treatment
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Review

ÅpH can be monitored with SERS ðpMBAprobes  

ÅWe detected local pH changes during emodinPDT treatment 

ÅThe use of 2D correlation spectroscopy is worthy to study the 

dynamic process

ÅCell recovery after low dosage (1.0 J/cm
2
) radiation

ÅApoptotic cell death after high dosage (6.0 J/cm
2
) radiation 

Conclusion
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