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 IR bio-spectroscopy at a glance: SISSI-Bio
• Present space domain of SISSI-Bio
• User-driven and collaborative Research at SISSI-Bio

 Infrared Spectroscopy of Proteins
• Bridging biophysical and structural studies with PIR-SEIRA
• Cellular Biology with IR microscopy
• Protein studies at the nanoscale

 Future upgrade plans



IR bio-spectroscopy at a glance: SISSI-Bio

SISSI – Synchrotron Infrared Source for Spectroscopy and Imaging

Infrared radiation probes the vibrational modes of covalently bonded molecules

Qualitative Information: molecular composition of the sample
Quantitative Information: concentration of the sample constituents

Bio-spectroscopy is the spectroscopy of the Biomolecules

Cell

TissueSamples conventionally studied by IR Microscopy and Nanoscopy

Samples conventionally studied by IR Spectroscopy



IR spectroscopy

Far Field
IR microscopy

Present space domain of SISSI-Bio
Vibrational information on the sample at different level of detail, depending on instrumentation and IR 

source (IR conventional, IR-Synchrotron Radiation, IR laser)

mm

μm
nm

Near field
IR nanoscopy

G. Birarda et al., Proceedings Volume 11957, Biomedical Vibrational Spectroscopy 2022: 
Advances in Research and Industry; 1195707 (2022)
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SISSI-Bio may be defined nowadays as a multipurpose IR laboratory, operational with both IRSR and conventional sources. We cover the entire space domain of the IR, from the macro to the nanoscale, and grant user access to both IRSR and conventional instrumentation, exploiting diversified entry points: the conventional Elettra entry point, as well as the CERIC-ERIC and NFFA user mode of access.



(Dry) Cell and tissue mapping
From diagnostic to prognostic purposes

(Near-)physiological conditions experiments

Cultural HeritageEnvironmental Sciences

IR plasmonic 
for bio-physical 

studies 

Cell Dynamics

Correlative IR –
XRF cell analysis

Microplastics in Antarctic Carbon Storage
Pollution, Biomineralization, 

Carbon Sequestration

Paleoarchaeology

Use trace 
analysis

Bowed string 
instruments

Fertility
&

Sterility

Neurodegenerative 
disorders

Rare diseases Cancer 
research

User driven and collaborative Research at SISSI-Bio
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Concerning our research activities, both user oriented and collaborative, here you see the distribution of our users in the last 5 years.  The dominant community belongs to the LS domain. Nevertheless, IR-histology is nowadays only performed with off-line approaches, while IR-cytology and bio-physical studies continue to exploit the IRSR advantage.  Over the past years, new communities are demanding our lab, especially for investigating field of sciences such as Environmental Science and Cultural Heritage, that will be the focus of this presentation. 

https://www.nature.com/natecolevol/current-issue


Amide A,B
NH stretching vibration

Amide I
C=O str + C-N str + NH bend

Amide II
N-H bend + C-N str

CH2 & CH3
aliphatic chains

Stretching and Bending

Phosphate groups

FTIR spectrum of BSA
Bovine Serum Albumine

Amide III
N-H bend in plane
and C-N stretch

Different H-bonding networks 
for different peak positions

Amide I band is particularly sensitive to protein secondary 
structure, and conventionally employed for protein conformational 

studies

-OH
of Residues

Image credit: OpenStax Biology.

Infrared Spectroscopy of Proteins



Drug-Receptor Binding studies is a key step in drug-discovery

• Existing biophysical methods are fast, unexpensive, requires minimal sample preparation but they are blind to the protein
structure

• Structural determination methods (MX, NMR, cryo-EM) are extremely sensitive to receptor structure and its modification upon
binding, but they are usually slow, expensive and may require large material amount

Does exist a method able to bridge biophysical and structural protein studies?

Beer’s Law

Sensitivity Limit Water Barrier
Requires extremely 
high concentrations, 
in the mM regime

These concentrations 
are often not-relevant 
in physiological 
conditions

Water bands 
overlaps with 
the vibrational 
features of 
biomolecules
Requires dried 
samples or D2O, 
that are not 
compatible with 
biomolecules

FTIR spectroscopy is sensitive to protein secondary structural 
elements

Bridging biophysical and structural studies with 
PIR-SEIRA



Optical nano-resonators
 Focus light into nanoscale volumes
 Enable strong light-matter interaction
 Ideal to achieve ultra-high sensitivity

Adato, R., et al.
Materials Today, 18 (8), 436-446 

(2015)

Signal 
enhancement of 
several order of 
magnitude can 

be achieved

Mid-IR plasmonic

Micrometric sampling 
with IRSR 

Bridging biophysical and structural studies with 
PIR-SEIRA



Without water substraction!

Kinase domain of Epidermal 
Growth Factor Receptor 

(EGFR-KD) 
Receptor for members of the epidermal 
growth factor family (EGF family) of 
extracellular protein ligands.

Mutations that lead to EGFR overexpression 
(upregulation) or over-activity have been 
associated with squamous-cell carcinoma of 
the lung (80% of cases). 

Drug-target for anticancer therapies 
(Lapatinib, Gefatinib etc…). 

EGFR-KD Lapatinib/EGFR-
KD

36% helices (both 
alpha and 310)

32% helices (both 
alpha and 310)

15% beta sheet 
strands

14% beta sheet 
strands. 

Plasmonic internal reflection 
(PIR)

Adato, R., Altug, 
H. Nat 
Commun 4, 2154 
(2013)

The case of EGFR-KD / Lapatininb binding

Zucchiatti P, Birarda G, Cerea A, Semrau MS, Hubarevich A, Storici
P, De Angelis F, Toma A, Vaccari L. Binding of tyrosine kinase 
inhibitor to epidermal growth factor receptor: surface-
enhanced infrared absorption microscopy reveals subtle 
protein secondary structure variations. Nanoscale. 2021
13(16):7667-7677



IR MICROSCOPY

ATRA-DIFFERENTIATED CELLS

CONTROL STEM CELLS

Gliomas are an heterogeneous group of primary brain
tumors
Glioblastoma is the most malignant one (only 5% 5-years
survival)

Glioblastoma Cancer Stem 
Cells Theory

CSCs not removed by surgery are
responsible for tumor recurrence;
they are resistant to standard radio-
and chemo-therapies.
Inducing differentiation of stem cells
is the most promising therapeutic
approach nowadays under
investigation.
Fast methods for monitor the
presence/abundance of stem cells
and the efficiency of stem-
differentiating agent are needed

IR Microscopy and Cancer Research

Cellular Biology with IR microscopy

NCH421K Human Stem Cell Like Gliomblastoma cell line

Saša Kenig, Diana Bedolla, Giovanni Birarda, Valentina Faoro,
Elisa Mitri, Alessandro Vindigni, Paola Storici, Lisa Vaccari.
Fourier transform infrared microspectroscopy reveals
biochemical changes associated with glioma stem cell
differentiation. Biophysical Chemitry 2015 207, 90-96

Higher glycogen level
Superior membrane fluidity



F
ALUMINUM ADJUVANTS FOR SARS-

COV-2-VACCINES

Protein studies at the nanoscale

F
PROTEIN-ASBESTOS FIBER 
INTERACTION IN ASBESTOS 

PATHOGENECY
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Some more example of micro to nano briding studies are provide in the following slides. Vaccine adjuvants are molecules or compounds that have intrinsic immunomodulatory properties and, when administered in conjunction with an antigen, effectively potentiate the host antigen-specific immune responses. Aluminum salts have been safely  used for this purpose for more than 70 years. The goal of the study is to assess changes of the folding of the receptor binding domain (RBD) of SARS CoV-2 due to the interaction with alumina nano-rods. The present study has been performed for two distinctive formulations, combining ATR-FTIR and s-SNIM, in order to highlight the protein conformation directly on the nano-roads. While at ratio 1:1 the results are comparable, at ratio 3:1 the conformation revealed by s-SNIM largely differs from the average one shown by the ATR approach, justifying the reduced activity of this formulation.We focused here on a recently developed�bio-hybrid material for vascular tissue engineering applications, named Silkothane ® ,�obtained in the form of nanofibrous matrices from the processing of a silk fibroin -�polyurethane (SF-PU) blend via electrospinning. The experiments we present were�performed with the intent to characterize the mesh obtained when fibroin and�polyurethane are mixed together and understand whether the two compounds�separate or not during processing. Indeed, previous evidence suggested the�separation of the two components in the electrospun matrix, even though routine�characterization did not allow to confirm this hypothesis. The methodology we applied�allows to describe the mesh in high detail, and shows that fibroin and polyurethane do�not tend to co-aggregate to form hybrid fibres, at least at the length scale of hundreds�of nanometres. To this ami, diverse armonics of the signal have been analyzed…..



Activity 5.1
Two independent user-dedicated measurement 

station  for FTIR histology and cytology with 
cellular spatial resolution, with IRSR and 

conventional sources

Activity 5.3
Two independent user-
dedicated measurement 
station with nanometric 

spatial resolution, with IRSR 
and conventional sources

Activity 5.5
SISSI-Bio&TeraFERMI

FIR-THz low-energy 
molecular vibrations for 

understanding how motility 
and flexibility of key 

infection mediators influence 
virus lethality and infectivity

Future upgrade pans



The SISSI-Bio Team

Lisa Vaccari
Giovanni Birarda 

Chiaramaria Stani (CERIC-ERIC)
Diana Eva Bedolla (Area Science 

Park)
Federica Piccirilli

Hendrik Vondraceck

Martina Zangari, PhD Student
Clarissa Dominici, PhD student

Iulia Radoi, PhD student

The SISSI-Mat Team

Michele Zacchigna
Stefano Lupi

Veronica Stopponi

The TeraFERMI team

Andrea Perucchi
Paola di Pietro

Johannes Schmidt



Thank for your attention

lisa.vaccari@elettra.eu
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Last Slide 2: Aerial Photo of Elettra
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