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What is a biosensor?
Biosensor is an analytical device that can detect and analyze biochemical analytes

Biological
Receptor

Transducer Data
Processing

SignalSample

Top illustration adapted from  Huertas et al. Front. Chem., (2019)

Detected Analytes:
• Small molecules (i.e. drugs)
• Biomolecules (i.e. enzyme, hormones)
• Proteins, antibodies
• Nucleic acids (DNA, RNA, miRNA)
• Extracellular vesicles (exosomes)
• Pathogens (virus, bacteria )
• Cells …

Test/Device Response:
• Yes/No indicator
• Quantitative detection
• Analyze interactions & kinetics
• Extract chemical/conformational information …



Food Safety

Diagnostics Security

Pharma

EnviromentalLife Sciences
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Detected Analytes:
• Small molecules (i.e. drugs)
• Biomolecules (i.e. proteins, 

antibodies)
• Nucleic acids (DNA, RNA, miRNA) 
• Extracellular vesicles (exosomes)
• Pathogens (virus, bacteria )
• Cells ....https://upload.wikimedia.org/wikipedia/commons/6/60/IL1b_Crystal_Structure.png

https://www.contractpharma.com/issues/2017-03-01/view_features/modeling-simulation-for-drug-
development-formulation/

http://www.pmlive.com/blogs/digital_intelligence/archive/2016/june/roche_launches_bluetooth_coagulation_tes
ting_system_1035263

https://primefeed.in/news/4470654/global-environmental-monitoring-sensors-market-2020-competitive-analysis-advantech-
crouzet-analog-devices-inc-alps/

https://www.prescouter.com/2018/01/non-invasive-biosensing-companies-2018/
https://www.gettyimages.ch/detail/foto/infrared-television-display-lizenzfreies-bild/1150080006?adppopup=true

Biosensors have a wide range of applications
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PCR Technology Rapid Tests (Lateral Flow Assays)

BIOSENSORS in DIAGNOSTICS

Advantageous:
• Provides accurate results
• High-throughput

Limitations:
• Time consuming
• Centralized labs
• Expensive instrumentation
• Trained personnel
• Not available to everyone – resource-poor settings

Advantageous:
• Point-of-care technology
• Low-cost
• Used by anyone
• Provides rapid results

Limitations:
• Not accurate/sensitive
• Not quantitative
• Limited multiplexing capability

COVID-19 EXPERIENCE!

• Diagnostics is the FIRST step in medical care
• Follow-up treatments are based on diagnosis



Diagnostics - Tomorrow

Bioanalytical device treatmentsample

Global health care

Point-of-care diagnostics

Personalized medicine

5https://www.mdedge.com/hematology-oncology/article/187458/blood-banking/finger-prick-blood-tests-may-need-repeating
https://news.wbfo.org/post/medical-treatment-meth-addiction-proves-effective-new-trial

https://www.aa.com.tr/en/africa/new-ebola-virus-outbreak-declared-in-guinea/2144962

https://www.executiveinsight.ch/en/insights/early-ma-assessment-personalized-medicine-framework-challenges-diagnostic-side



Diagnostics - Tomorrow

Bioanalytical device treatmentsample

Global health care

Point-of-care diagnostics

Personalized medicine

6https://www.mdedge.com/hematology-oncology/article/187458/blood-banking/finger-prick-blood-tests-may-need-repeating
https://news.wbfo.org/post/medical-treatment-meth-addiction-proves-effective-new-trial

https://www.aa.com.tr/en/africa/new-ebola-virus-outbreak-declared-in-guinea/2144962

https://www.executiveinsight.ch/en/insights/early-ma-assessment-personalized-medicine-framework-challenges-diagnostic-side

 Sensitive
 Throughput
 Multiplexed
 Real-time
 Low-cost
 Rapid
 Integrated
 Portable  
 Intelligent
 Autonomous  



Next-generation biosensors will be everywhere!
 Sensors that can measure everything and everywhere will serve at the nodes of the “Internet-of-body” & “internet-of-things”

 … connected devices enable smarter systems

7Altug et al. Nature Nanotechnology (2022)



MAIN BIOSENSOR PARAMETERS
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 Sample Volume
… pL, nL, uL …

 Single-Use (Disposable) or Multiple Use
Cartridge? Fixed Reader? 

 Cost
Reader, cartridge  Footprint & Integration

Bench-top, Portable, Wearable.. 

 Automation & Sample Handling
Microfluidics ..

 Throughput
How many samples per test?

 Reliability (Accuracy)

 Selectivity
Affinity based 
(surface functionalization)

 Multiplexing
Microarray

 Response: 
…Yes/No or Quantitative

 Time Resolution & Response Time
End point, Real-time (Kinetics) or Continuous

 Limit of Detection (LoD) & Dynamic Range
fg/mL, pg/mL, ng/mL, mg/mL.. 

calibration curve
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Biosensor is an analytical device that can detect and analyze biochemical substances 

Biological
Receptor

Transducer Data
Processing

SignalSample

scatteringabsorption fluorescence

UV-Vis absorption
Raman scattering

IR absorption

Hyperspectral imaging

Bioimaging & Sensing

Optical Transduction Mechanisms

Refractometric detection
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WHY NANO-PHOTONICS ? 

Biological structures (~nm)

Proteins  ~5 nm

Antibody  ~10 nm

mi-RNA  ~1 nm

Virus   ~100 nm

Optical wavelengths (~1000 nm)

https://upload.wikimedia.org/wikipedia/commons/6/60/IL1b_Crystal_Structure.png

Photonics provides:
• Immunity to electromagnetic interferences
• Ultra-wide bandwidth …

But,  micron long optical wavelengths introduces
size mismatch between light & nanometric samples:
• Lower performance
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WHY NANO-PHOTONICS ? 

Biological structures (~nm)

Proteins  ~5 nm

Antibody  ~10 nm

mi-RNA  ~1 nm

Virus   ~100 nm

Optical nano-resonators
Optical wavelengths (~1000 nm)

 Focus light into nanoscale volumes

 Enable strong light-matter 
interaction

 Ideal to achieve high sensitivity,  
small footprint, multiplexed 
integration, … Eg: Metal nanorod

https://upload.wikimedia.org/wikipedia/commons/6/60/IL1b_Crystal_Structure.png
Chem. Rev. 2017, 117, 7, 5110–5145
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Localization of E&M field in nanophotonic structures

Size comparison between common biological analytes and the decay length of the evanescent field in various 
nanophotonic structures

Altug et al. Nature Nanotechnology (2022)
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Integration Schemes

Altug et al. Nature Nanotechnology (2022)

Vertical 
Integration

Planar 
Integration
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Commonly Used Label-Free Detection Principles 
Principle

Refractive index sensitivity

Sbulk= ∆λ/∆n

Ssurface ~ Sbulk[1-exp (-2t/ld)]

FOM = S/FWHMQ = λR/FWHM

Altug et al. Nat. Nano (2022)

Refractometric affinity sensing

Resonance engineering

• High field enhancement
• Spatial overlap between analyte & enhanced 

near-fields
• Q factor
• Resonance wavelength

Surface enhanced spectroscopic sensing



500nm

Control optical response and functionality of nano-resonators with:
• Material choice 

- Metals, 2D materials, dielectrics, …
• Shape, size & arrangement of nanostructures

PNAS 2009 Small 2018

Nature Materials 2012

Tunable Mid-IR Sensors
Science 2015
Light Science & App 2017

Metallic Plasmonics 2D Quantum Materials

Science 2018,
Science Advance 2019
Nature Photonics 2019
Nature Nanotechnology 2019

Dielectric Metasurfaces

Nature Comm. 2018

Nanophotonic Structures

15

Cell

Hybrid System

Graphene Plasmons

Combine 
different materials & systems

Advanced Functional Materials 2020
Nano Letters 2020
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BIOS: Research Directions

Live Cell & Single-Cell TechnologiesSurface Enhanced Mid-IR Spectroscopy Point-of-Care Diagnostics

PNAS 2010 ..
Light Science and Technology 2014 & 2018
ACS Photonics 2015, patent granted
ACS Nano 2018 
Nature Photonics 2019 
Small 2020
Nature Communications 2021 …

• Cell screening & profiling, e.g. for 
immunoengineering applications

• Real-time & label-free secretion analysis 
from single cells

• Cell-cell interactions & incorporation of 
biomimetic surfaces

Lab-on-a-Chip 2017
ACS Sensors 2018
Small 2018
Science Advances 2021
Biosensors and Bioelectronics 2022
Nature Biomedical Engineering 2023 …

• Low-cost, portable, rapid & multiplexed 
microarray technologies.

• New device schemes including lens-free 
microscopy, hyperspectral imaging ...

PNAS 2009 …
Nature Communications 2013, patent granted
Science 2015 & 2018
Nano Letters 2016, 2018 
Light Science & Applications 2016 & 2017
Nature Communications 2018 
ACS Sensor 2018
ACS Photonics 2018  
Advanced Materials 2021 & 2022
Science Advances 2019 & 2023 …

• Chemical-specific detection
• Conformational sensitive



Infrared spectroscopy provides chemical specific identification

Characteristic vibration 
motions of molecules

detected via absorption
of infrared light

molecular fingerprints

 Chemical specific

 Label-free
17

ALMA (ESO/NAOJ/NRAO)/L. Calçada (ESO);  https://chem.libretexts.org/



Mid-infrared sensing for biology

cell membrane conformation

α-helixes

β-sheets

DNA

Proteins

Lipids

Mid-Infrared Spectrum Protein Band (Amide-I)
non invasive access to 
molecular vibrations

 signal intrinsic to
molecular structure
 Resolves secondary structure 

from amide I band shape



Challenges of Infrared Spectroscopy

I0
I

d

analyte

α

* Adato et al., Nat. Comm. 4, 2154 (2013)

low sensitivity

water absorption

Beer‘s law 𝑇𝑇 = 𝐼𝐼
𝐼𝐼0

~ exp(−𝛼𝛼𝛼𝛼)

Water bands overlap with the vibrational 
signatures of biomolecules

water

amide II
amide I

• Prohibits measurements from monolayers with 
nanometer thickness

• Requires extremely high concentrations

bulky & expensive instrumentation
• State-of-the-art is the table-top FTIR

19

• Requires sample drying or D20 which are not 
compatible with living systems (i.e. cells), 
resolving kinetics,  conformational changes …

spectral overlap
• Complex sample analysis require chemometrics

Wilson, M., 2021. 85(1).



Surface-enhanced IR absorbance spectroscopy (SEIRA)
• IR absorbance ∝ Oscillator strength of molecular bond  x  |Electric field|2

• Optical nanoantennas can be used to boost IR absorbance

Re
fle

ct
an

ce bare antenna

with analyte

6.5

Wavelength (µm)

20

6.0

Electric 
field

electron 
cloud

metal
nanorod

Longitudinal electron oscillations

Signal 
processing



• IR absorbance ∝ Oscillator strength of molecular bond  x  |Electric field|2

• Optical nanoantennas can be used to boost IR absorbance.

Re
fle

ct
an

ce bare antenna

with analyte

1650

Wavenumber (cm-1)
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1550

Surface-enhanced IR absorbance spectroscopy (SEIRA)

DNA

Proteins

Lipids

Mid-Infrared Spectrum

 Mid-IR spectroscopy is broadband & provides rich information

 If a single/narrow resonance is used, collected spectral information will be limited ….
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Life is formed by Biomolecules from Four Major Classes

IR objective



microfluidic cell
inflow outflow

23

Real-time SEIRA measurements in aqueous media - nanoplasmonic metasurfaces

CaF2

IR

<100 nm

z

IR objective

Optofluidic chip

Nature Communications 2013, patent granted
Nano Letters 2016 
Nature Communications 2018 
Advanced Materials, 2021

Heterogeneous bioassay in solution



microfluidic cell
inflow outflow
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Multi-resonant metasurfaces tuned for lipid, peptide, nucleic acids, polysaccharide

CaF2

IR

z

multi-resonant metasurface
dual-band

three- resonance bands

single-band

Nature Communications 2013, patent granted
Nano Letters 2016 
Nature Communications 2018 
Advanced Materials, 2021

<100 nm

Heterogeneous bioassay in solution
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Real-time & label-free observation of vesicle-peptite interactions & cargo release

Melittin Nucleotides
Sucrose

Lipid

Advanced Materials, 2021

• DNN data set comprises 3,325,806 
spectro-temporal data points obtained 
from real-time measurements.

• DNN models are built using the 
Sequential model of Python’s Keras
library, which uses Tensorflow as 
backend.



Reminder:  Mid-infrared sensing for biology

cell membrane conformation

α-helixes

β-sheets

DNA

Proteins

Lipids

Mid-Infrared Spectrum Protein Band (Amide-I)
non invasive access to 
molecular vibrations

 signal intrinsic to
molecular structure
 Resolves secondary structure 

from amide I band shape



Protein structure
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 Simple sequence of amino acids  Dictates protein folding and 
functions

 3D combination of different
secondary structures

 Combination of multiple 

tertiary structures

Misfolding disrupts protein 
function & lead to diseases 



Protein misfolding – a common mechanism in neuordegenerative disorders

28
AC immune

Protein misfolding from native 

unstructured form to beta-sheet structures 

induces aggregation

Abeta plaquesTau tanglesLewy bodies

α-synuclein Tau Amyloid-beta TDP-43

TDP-43 inclusions

ALS - Amyotrophic lateral sclerosis

Alzheimer’s diseaseParkinson’s disease ALS

RSCB PDB

Monomers

Oligomers

Fibrils



Aggregation pathway of alpha-synuclein protein

29

 TEM  (Transmission 
Electron Microscope) 
images of 3D 
structure

 Secondary structure

 Random disordered  Beta-sheet enriched

Kavungal. D et al., “Artificial intelligence coupled plasmonic infrared sensor for the detection of structural protein biomarkers in neurodegenerative diseases“ Science Advances 2023



ImmunoSEIRA for protein structure analysis

30

Sensing scheme

• Real time label-free optofluidic setup
• Immunoassay captures target proteins : α- syn,  with highest specificity irrespective of their conformation using antibodies
• From the Amide I absorption bands (1600-1700 cm-1) of the α- syn species, their distinct secondary structures are retrieved

Kavungal. D et al., “Artificial intelligence coupled plasmonic infrared sensor for the detection of structural protein biomarkers in neurodegenerative diseases“ Science Advances 2023



Optofluidic configuration

31

2D microarray SEIRA design

Small sample volume microfluidics Optofluidic SEIRA signal

Kavungal. D et al., “Artificial intelligence coupled plasmonic infrared sensor for the detection of structural protein biomarkers in neurodegenerative diseases“ Science Advances 2023
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Conformational profiling of different alpha-synuclein protein forms

But, how can we 
quantitatively separate 

the pathological 
aggregates-oligomers 
and fibrils in a mixed 

sample? 

 Oligomers  Fibrils Monomers

Kavungal. D et al., “Artificial intelligence coupled plasmonic infrared sensor for the detection of structural protein biomarkers in neurodegenerative diseases“ Science Advances 2023
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AI-Boosted Immuno-SEIRA for quantitative diffrentiation of aggregate mixture

Kavungal et al., Science Advances (2023)

Accuracy = 94.66 %
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Multiplexed Detection of Structural Biomarkers with Immuno-SEIRA Microarray
Bioassay flow for injection of ASyn & Tau fibrils mixture

Buffer wash

Signal obtained on SYN-211 antibody functionalized unit

Blocking wash

Tau & ASyn fibrils injection

Selective functionalization of 
sensor units by spotting tool 

400 pL
drop volume

Microarray

+

Signal obtained on HT7 antibody functionalized unit

Confidential



How to use high-Q factor Mid-IR antennas? 

35

PRL 101, 157403 (2008) J. Am. Chem. Soc. 135, 3688–3695 (2013) Nat. Commun. 9, 2160 (2018)

State-of-the art in SEIRAS - plasmonic antennas 
• What can we do differently with sharper resonances?

• How can we harness them for new functionalities?limited by broad resonances



Mid-IR imaging biosensor with high-Q dielectric metasurfaces

1-to-1 correlation
between spectrum & 

chip position

Symmetry-broken
high-Q silicon resonators

Resonance tunability by 
scaling factor

Tittl et al., Science 360, (2018) 36

With protein 
monolayer

Two-dimensional 
Molecular barcode

Imaging based 
chemical 

fingerprinting



Nanofabrication of pixelated dielectric metasurfaces

37

100 metapixels, 
total size: 2.25 mm2

linear scaling of
resonator size, S

A = 1.96 um
B = 0.96 um
Px = 3.92 um
Py = 2.26 um

Fixed height = 0.7 um 
Fixed tilt angle θ = 20o

Fabrication method:

• hydrogenated amorphous silicon layer 
deposition via PECVD

• MgF2 substrate

• electron-beam lithography

• fluorine-based dry plasma etching

Px

Py



Broadband & Imaging-Based Spectral Detection : Molecular Barcodes

38

imaging-based readout of
total reflectance signal

protein
molecular barcode

amide I

amide II

Tittl et al., Science 360, (2018)



Chemical-specific barcodes:  image based identification

39

Biosensing & diagnostics

Materials science

Environmental monitoring

image-based pattern matching

Barcode images are 
unique & different

Absorption spectrum of 
each sample is distinct

Tittl et al., Science 360, (2018)



Broadband Mid-IR Metasurfaces for SEIRA Spectroscopy & BioSensing

40

 Gradient Metasurface Concept:
• resonances tolerate perturbation
• scale every column slightly
 continues spectral coverage
 much less area required

 Pixelated Metasurfaces:
• pixel size >100µm
• discrete spectral sampling
 large area required

Tittl et al., Science 360, (2018) Richter et al., Advanced Materials (2024)



Broadband Gradient Mid-IR Metasurfaces

41

O
ptical 

im
age

Continuously Scaling up
Zoom

-in 
im

ages

8 mm

Optical image of 
CaF2 chip

Richter et al., Advanced Materials (2024)



42

Broadband Gradient Metasurface for SEIRA Spectroscopy & BioSensing

Single-Analyte: Detection

Metasurface is coated with a polymer, 
such as PMMA, PS or PVA

Richter et al., Advanced Materials (2024)
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Broadband Gradient Metasurface for SEIRA Spectroscopy & BioSensing

Single-Analyte: Detection Multi-Analyte: Decomposition

Metasurface is coated with a polymer mixtureMetasurface is coated with a polymer, 
such as PMMA, PS or PVA

Richter et al., Advanced Materials (2024)
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Flexibilities Offered by Gradient Mid-IR Metasurfaces

Optical image of CaF2 chip Strong Coupling Biosensing with multi-layered bioassays
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High Harmanic Generation: Nonlinear Optics with Gradient Broadband Metasurfaces
In collaboration with Yuri Kivshar’s

Group at ANU

Gradient metasurface:
Germanium meta-atoms on 
CaF2 substrate

Scaling allows spectral overlap 
with pulsed laser (2.5 - 4.2 um)

2 mm

Jangid & Richter et al., 
Advanced Materials (2023)



Wafer–scale fabrication of mid-IR metasurfaces

46A. Leitis et.al., Advanced Materials, 2102232 (2021)

• 90% transmission over an ultra-broadband spectrum [from 2 to 20 µm] 
• Ultra-low effective refractive index down to 1.04



Wafer–scale fabrication of mid-IR metasurfaces

47A. Leitis et.al., Advanced Materials, 2102232 (2021)

Large-area metalens
Birefringent metasurfaces

Aluminum Plasmonics



Ongoing Research Directions
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BioNanoPhotonic Systems Labotatory

Since PNAS 2011 …
Recent highlights

Light Science and Technology 2018
ACS Photonics 2015  patent granted
ACS Nano 2018  patent filed
Nature Photonics 2019 
Small 2020
Nature Communications 2021 …

• Low-cost, portable, rapid & multiplexed 
microarray technologies.

• New device schemes including lens-free 
microscopy, hyperspectral imaging ...

• Cell screening & profiling, e.g. for 
immunoengineering applications

• Real-time & label-free secretion analysis 
from single cells

• Cell-cell interactions & incorporation of 
biomimetic surfaces

Since Lab-on-a-Chip 2017 … 
Recent highlights:
ACS Sensors 2018
Small 2018
Science Advance 2021
Biosensors and Bioelectronics 2022
Nature Biomedical Engineering 2023 …

Since PNAS 2009 .... 
Recent highlights:

Nature Communications 2013  patent granted
Science 2015
Nature Communications 2018 
Science 2018
Science Advance 2019
Advanced Materials 2021 & 2022 
PNAS 2023 …

• Chemical-specific & fingerprint detection
• Monitor conformational/structural changes
• Real-time measurements in aqueous solution

Live Cell & Single-Cell Technologies Surface Enhanced IR Spectroscopy Point-of-Care Diagnostics



Importance of heterogeneity
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S.J. Altschuler & L.F. Wu. Cell 2010 

Ensemble measurements can mask the variations in responses

Homogenous 
population

Heterogeneous 
population

Highly heterogeneous 
population

Cells present heterogeneity in various 
characteristics



Protein secretion from cells
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• Closely related to physiology and disease 
progression

• A precisely regulated dynamic process 
• External stimulation
• Gene expression
• Exocytosis

• Involved in biological functions, 
interactions & communications

• A variety of secreted substances:
• Cytokines
• Antibodies
• Extracellular vesicles …



Single-Cell Microarray for “Spatio-temporal” Secretion Analysis

51

Customized upright arm
with LED 

Ansaryan et al., Nature Biomedical Engineering

CMOS 
camera (July Issue 2023)



Nanoplasmonic single-cell microwell arrays 

Integrated biochip:
- Maintains live cells

PDMS microwells : 
- Compartmentalize 
single cells

Plasmonic nanoholes
- Enables label-free 
detection

52

CMOS 
camera

Customized upright arm
with LED 



Target (B) Ref. (M)Gold

Confined near-fields within <50 nm from surface enables:

Optical Field

z

x
few 10nm

Label-free Detection Principle - NanoPlasmonics

Analyte

53

Plasmonic Gold Chip with Nanohole Arrays

Tr
an

sm
itt

an
ce

Wavelength
λ1 λ2

Δλ  Strong analyte-light overlap
 High sensitivity

ΔI



Ansaryan et al, Nature Biomedical Engineering  (2023)
54

High-throughput spatiotemporal monitoring of single-cell secretions 
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Deterministic single-cell loading in the microarray

Single-cell row

Single-cell row

Single-cell row
side camera

reject inject

Non-contact & low volume dispenser 
(400 pL drop volume)

plasmonic substrate with 
microwell mesh
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Specific detection of target analyte – surface functionalization

Single-cell row

Single-cell row

Single-cell row

plasmonic substrate with 
microwell mesh

Sensing area

Control area

Analyte



Wafer-scale manufacturing of nanoplasmonic sensors with DUVL process

Plasmonic chip

Microarray area

Plasmonic
nanohole array

Nanoholes

57

4-inch wafer

• Substrate is typically glass or silicon 

• This example is based on glass:

- Coated with 100 nm thick gold film

- ~50 1x1 cm2 nanoplasmonic chips

Presenter Notes
Presentation Notes
We fabricate our nanoplasmonic chips at low-cost using wafer-scale Deep UV Litho.
The photo on the left shows a patterned 4 inch glass wafer yielding around 50 1x1 cm nanoplasmonic chips.
 




Simultaneous monitoring of cell secretion and morphology

• IgG from hybridoma cells
• Cell area excluded with machine learning-

assisted image processing 
• 4D spatiotemporal map

• X, Y, intensity, time

58
Ansaryan et al, Nature Biomedical Engineering  (2023)









Spatio-temporal visualization of extracellular secretion from single cells

Temporal analysis

Max ≡ Maximum amount of secretion

Slope ≡ Secretion rate

Spatial analysis

Max ≡ Maximum areal coverage

Slope ≡ Adsorption rate
59



Hybridoma Protein transport inhibited (PTI) hybridoma

Statistical analysis of a population with single-cell microarray

60



• Non-destructive monitoring of secretion during cell division

61

Cell secretion during mitosis

Downregulation of the ER-Golgi pathway before mitosis

Ansaryan et al, Nature Biomedical Engineering  (2023)
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Cell content release during cell death

Different forms of cell deaths: 
- Programmed/regulated vs unregulated
- Apoptosis vs necrosis

apoptosis necroptosis
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• Apoptosis is immunologically “silent”

Bursting behavior of necroptosis could 
mediate: 
• “long-distance” cell communications
• “Higher immunogenicity”

Cell content release during apoptosis and necroptosis

Ansaryan et al, Nat. Biomedical Engineering  (2023)















Photonic biosensors & bioimaging platforms for cell screening

• Spatio-temporal secretion analysis

• Cell-cell interactions for cytotoxicity analysis

“biomimetic membrane”
& plasmons



Cytotoxic T cells
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Cytotoxic T cells in anti-tumor immunity
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High-throughput biochip for real-time analysis of cell-cell interactions

Science Advances 2021

• Each PDMS chip contains 21’384 microwells

• Each well has only 65 picoLiter volume

• Confinement allows close interaction between 
T cells and tumor cells

Step 1: Step 2:
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Bright field image Tumor cells Cell death (lysis)T-cells

Single Cell Microarrays For Monitoring of Cancer Cell Killings
Tumor cells
PKH26

Tumor-specific 
T cells
CFSE violet

+ °°
°°

Specific “death”
Caspase 3/7 
pathway

Absence of 
“cell death”Time-lapse imaging with 

4 simultaneous channels
(1 bright field & 3 fluorescence) 

Science Advances 2021https://www.vectorstock.com/royalty-free-vector/boxing-
ring-sports-equipment-colorful-cartoon-vector-14506497
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“Cytotoxicity” Effect of T Cells on Melanoma Cancer Cells

Technology generates a large set of spatially and temporally resolved data 
 Images of each cell from multiple channels (bright-field & fluorescent channels) over a long time period (i.e. 24 hours with 15 min intervals) 

Science Advances 2021
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Deep neural network: 
Rapid and quantitative analysis of single cell killing events at high-throughput

Science Advances 2021



Mission
Develop science and technology for powerful optical bioanalytical devices that can have impact on 

areas ranging from basic research in life sciences to real-world applications such as disease diagnostics.

70

Nanophotonics Imaging  
Hyperspectral & Lens-free Microfluidics

Surface Chemistry & MicroarraysNanofabrication Data Science

O
ur

 T
oo

lk
it

BIOS: BioNanoPhotonic Systems Labotatory
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Acknowledgements

Open post-doc and PhD positions !!
Send your CV
bios.epfl.ch

hatice.altug@epfl.ch

Scientific Collaborators: 

• Hilal Lashuel, EPFL

• Camilla Jandus, University of Geneva

• Alexander Mathis, EPFL
• Matthias Lutholf, EPFL & Roche

• George Coukos, Agora

• Yuri Kivshar, Australian National University

• Javier Garcia de Abajo, ICFO, Spain

• Sang-Hyun Oh, Univ. Minnesota 

• …and more

Open MS thesis projects !!
Check our website & send your CV

bios.epfl.ch
hatice.altug@epfl.ch

BIOS – BioNanoPhotonic Systems Laboratory
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THANK YOU!
Prof. Hatice ALTUG

BioNanoPhotonic Systems Laboratory

École Polytechnique Fédérale de Lausanne, Switzerland
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