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Abstract
In this report we present a confocal Raman system to identify the unique spectral features of two proteins,
Interleukin-10 and Angiotensin Converting Enzyme. Characteristic Raman spectra were successfully acquired and
identified for the first time to our knowledge, showing the potential of Raman spectroscopy as a non-invasive
investigation tool for biomedical applications.
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Introduction
Recently, a proof-of-concept for molecular profiling of
Interleukin-10 (IL-10), Interleukin-21 (IL-21) and Angiotensin Converting Enzyme (ACE) was reported by
Kuiper et al. to classify four important ocular conditions
affecting the retina [1]. IL-10 plays a crucial role in preventing inflammatory and autoimmune pathologies of
several diseases [2]. IL-21 not only has key roles in antitumor and antiviral responses but also has major effects
on inflammatory responses [3]. ACE plays an important
role among other things in the immune system and
regulation of blood flow. It can be elevated in granulomatous diseases [4]. Acquiring information about these
molecules in ocular system could help in a better understanding of the complex underlying pathophysiology.
Kuiper et al. used a multiplex immunoassay based on
Luminex technology to measure the proteins. In this
flow cytometry based method a fluorescent signature
can be detected on bead-based assays. However, to reach
the pg/mL detection limit, sample preparation is complicated and time consuming [5]. Other techniques for cytokines detection and quantification can reach such
concentrations, like surface enhanced Raman spectroscopy (SERS) [6–10], high performance liquid
* Correspondence: s.zhang@maastrichtuniversity.nl
University Eye Clinic Maastricht, Maastricht, The Netherlands

chromatography (HPLC) [11], pyro-concentrator (PC)
[12, 13], mass spectrometry (MS) [14] etc.. Although the
sensitivity of these techniques is comparable or higher
than methods using immunoassays, they all need a biopsy to acquire the sample invasively and test in vitro.
In HPLC and MS the biomolecule from the sample
needs to be fed into the instrument and measured via a
chemical or physical process. SER requires matrix assist
for signal enhancement which limited its nondestructive applications. Similarly, PC accumulates the
target biomolecules from a drop of sample on a chip
resulting from the electro-hydrodynamic effect [7, 12].
In addition, electrochemical based biosensors with the
combination of optoelectronic components could realize
the chip-based biological monitoring by refractive index
change [15, 16]. These techniques meet the detection
limit requirements of the biomolecules with low volume
sample size, which might be challenging for an in vivo
measurement, especially testing the chemical composition inside an intact aqueous environment like aqueous
humor. In a clinical setting, a preferred option would be
a non-invasive and non-destructive technique [17]. We
propose to use Raman spectroscopy as a non-invasive
and non-destructive sampling technique [8, 17–21]. In
this study, IL-10, IL-21 and ACE samples were tested.
The characteristic Raman spectra of IL-10 and ACE are
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presented for the first time, which may pave the way for
the development of a non-invasive molecular evidencebased investigation tool in future.

Methods
The basic configuration of the confocal Raman system
used in this study was described in a prior article [19].
In short: a 671 nm, 21 mW continuous wave diode laser
(Ignis 671, Laser Quantum) was used as an excitation
source for the wavenumber region between 2500 and
4000 cm− 1 and a 785 nm, 23 mW continuous wave diode
laser (SM 785 nm, Innovative Photonic Solutions) was
used as an excitation source for wavenumber range between 350 cm− 1 and 1800 cm− 1. The two lasers were
both connected via single-mode optical fibers to a Raman module (HPRM 2500, River Diagnostics®) and spectra were recorded in both regions individually. In the
current configuration. The microscope objective lens
used in the prior work was replaced by an achromatic
lens (focal length = 80 mm, Linos). It acts both to focus
the laser on the sample and to collect the Raman scattered light. A charge-coupled device camera (operating
temperature: − 65°), integrated within the spectrometer

(2021) 17:7

Page 2 of 5

acquired the spectra with a spectral resolution of 2 cm− 1
in both wavenumber regions. Samples of IL-10 were
supplied by BD Bioscience (BD 554611), IL-21 by ThermoFisher Scientific (Catalog # 14–8219-62) and ACE by
R&D systems (Catalog # 929-ZN-010). The samples
were transported on dry ice and, when arrived, immediately stored at − 80°. All samples were solved in filtrated
(0.22 um filter) 0.1% bovine serum albumin (BSA) in
phosphate buffered saline (PBS). The IL-10 sample contained 10 μl with a concentration of 5.0 ng/ml. The IL21 and ACE sample each had a total volume of 10 μl
with a concentration of 10.0 ng/ml. All samples were
tested in fused silica cuvettes after they were moved
from the − 80° freezer and thawed to room temperature.
Spectra of IL-10 and ACE samples were acquired with
60s integration times. For IL-21 the integration time was
300 s. For all samples, two sequential spectra with same
integration time were obtained at the same focus area to
determine the characteristic Raman peaks and rule out
disturbances of cosmic rays. The signal-to-noise ratio
(SNR) for each sample was calculated by dividing the intensity of the highest signal peak by the sample standard
deviation of the spectral region of 1750 cm− 1 to 1800

Fig. 1 Raman spectra obtained from background reference and samples. Spectrum from background refence of PBS(a), BSA(b), and fused silica
cuvette, spectrum of samples from IL-10(d), IL-21(e), and ACE (f)
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cm− 1 in each spectrum, where there is no Raman signal
but only spectral noise [22]. Raman spectra of PBS, 0.1%
BSA and the fused silica cuvettes were obtained using
the same experimental conditions for background correction and comparison.

Results
Figure 1 shows Raman spectra of PBS, BSA, fused silica
cuvette, IL-10, IL-21 and ACE. In the wavenumber region between 350 cm− 1 and 1800 cm− 1, Raman spectra
of PBS (Fig. 1a) and BSA (Fig. 1b) both show a peak at
990 cm− 1 and a water band at 1644 cm− 1. For the fused
silica cuvette material (Fig. 1c), bands centered at 430
cm− 1, 488 cm− 1, 602 cm− 1, 792 cm− 1 and 1064 cm− 1
can be observed. The Raman band at 430 cm− 1 is
assigned to symmetric stretching mode of oxygen in a
disordered 5- and 6- membered ring of SiO4 tetrahedra.
The peaks at 488 and 602 cm− 1 are assigned to 4- and
6-membered rings of SiO4 in the random network of the
silica glass [23–25]. The bands centered at 1064 and
1200 cm− 1 are attributed, respectively, to transverseoptical and longitudinal-optical components of the
three-fold degenerate antisymmetric Si-O-Si stretch
mode [24]. Similarly, the asymmetric band near 792
cm− 1 is assigned to the threefold-degenerate “rigid cage”
vibrational mode of SiO2 units [24]. For IL-10 (Fig. 1d)
we found peaks at 852, 1064, 1298 and 1470 cm− 1. The
peak at 852 cm− 1 might be from proline, hydroxyproline
and tyrosine, 1298 cm− 1 is suspected from CH2 deformation modes and 1470 cm− 1 can be assigned to a C=N
stretching bond within the IL-10 protein structure [9].
For the spectra of IL-10, the SNR of highest peak at
1064 cm− 1 is 5.02. Only a single peak at 990 cm− 1 is
found in IL-21 spectra (Fig. 1e) with SNR of 6.10. We
did not find any identifiable Raman peaks within the
high wavenumber region between 2500 and 4000 cm− 1,
except for the broad water band between 3200 and 3500
cm− 1 from the solvent. ACE (Fig. 1f) showed peaks at
486, 852, 1064, 1130,1296 and 1470 cm− 1. The peak at
852 cm− 1 is from single bond stretching vibrations of
the amino acids, valine, polysaccharides and tyrosine
(Fermi resonance of ring fundamental and overtone) [26,
27]. The peak at 1130 cm− 1 may be assigned to C-C
skeletal stretch transconformation, whereas the peak at
1296 cm− 1 comes from CH2 deformation [28]. However,
some peaks can also be seen in cuvette results, like the
peaks at 600, 792 and 1064 cm− 1. The SNR of highest
peak at 1064 cm− 1 in ACE spectra is 6.15.
Discussion
To our knowledge, this is the first report of characteristic Raman spectra of IL-10 and ACE. For IL-10 we found
characteristic Raman peaks at 852, 1296 and 1470 cm− 1.
ACE is characterized by peaks located at 852, 1130, 1296
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and 1470 cm− 1. The peak location at 486 cm− 1 can be
considered the same as fused silica cuvette peak at 488
cm− 1, since the spectral resolution of the spectrometer
is 2 cm− 1. The peak observed at 990 cm− 1 in IL-21 is
most probably be attributed to a Raman signal from the
additives of PBS [29]. We did not find additional peaks
in the high wavelength region besides the water band.
For validating the characteristic peaks from the IL-10,
IL-21 and ACE samples, background spectra from
PBS and BSA were acquired. For error estimation between measurements, we calculated the coefficient of
variation relative standard deviation (CVRSD) of each
sample [30]. The CVRSD of BSA, PBS, IL-10, ACE and
IL-21 are 0.89%, 0.73%, 1.68%, 1.68% and 1.25%, respectively. The peak at 990 cm− 1 can be found both in PBS
and BSA, which indicates no extra peaks will be picked
up in the given concentration of our BSA samples.
Hence, the 990 cm− 1 peak found at IL-21 with 300 s integration time is most probably from PBS even the background already subtracted, due to the slight variance
introduced by long integration times. Spectra from the
fused silica cuvette were obtained by shifting the laser
focus onto cuvette itself. Fused silica shows several Raman peaks, one of which, at 1064 cm− 1, that was observed in the spectra of IL-10 and ACE. Although the
Raman signal intensity is relatively high with 10s integration time when focusing on the cuvette material,
the use of the confocal system ensures only a minimal contribution from cuvette when focusing at the
sample within the cuvette. We analyzed multiple
spectra acquired from each sample. The repeatability
of the results can be further improved by measuring
more individual samples, which unfortunately were
not available in the study.
Biological fluids are complex mixtures, which contain
variants compounds [31], which may have multiple
intra-molecular bonds in common. In our case, IL-10
and ACE share peaks at 852, 1296 and 1470 cm− 1. Only
using one single peak to distinguish the proteins of
interest from the diverse array of other proteins and
other molecules present might lead to a biased conclusion. The 1130 cm− 1 peaks only exist in ACE spectra
and thus is helpful to differentiate ACE from IL-10. An
even more complicated situation originates if each peak
in the obtained spectra is an integrated result from all
compounds it contains. In this case, more advanced data
processing techniques are needed. Several techniques are
proposed for pre- and post-processing Raman data, however, a well-accepted standard procedure is still lacking
[32]. While testing biomolecules, the major challenge of
Raman spectroscopy is its low detection limit. In
addition, for low concentration samples, the SNR might
below the limit of quantitation due to the fluorescence
interference. A technique was proposed which requires a
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wavelength tunable laser for sequentially shifting of excitation wavelength [11], however, having a fixed wavelength excitation laser, we were unable to use this
approach. An alternative approach is to use peak intensity ratios of each compound to identify each compound
independently and quantify its concentration. This peak
intensity ratio approach already has been reported and
validated for ex vivo Raman investigation in human
aqueous humor [33]. In a previous study, we developed
a tailored MATLAB (Version 2017b, The Mathworks
Inc., Natick, MA, United States) data processing program for in vitro and in vivo Raman detection of ocular
drug topically delivered to the animal eyes [34, 35] and
demonstrated that with proper data processing, the molecular information can be extracted non-invasively from
biological fluids in-situ and ex vivo.

Conclusions
Raman spectra of IL-10 and ACE were successfully obtained by our confocal Raman system. The SNR of Raman spectra could be further improved. The
identification of IL-10 and ACE characteristic Raman
peaks shows the potential possibilities for non-invasive
investigation in the molecular level, which might help us
better understanding the complex underlying the pathophysiology of diseases.
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