
High-Throughput Raman Analysis of 
Protein Glycosylation

INTRODUCTION
The market for monoclonal antibody (MAb) therapeutics is projected to reach a value of USD 
$350 billion by the end of 20271. The production and purification of MAbs can be challenging. 
These molecules are prone to several types of post-translational modifications that may reduce 
their efficacy and limit shelf life. The most prevalent modifications include glycosylation, 
misfolding, aggregation, oxidation, deamidation, and proteolysis2. Over one-third of MAb and 
recombinant protein therapeutic agents are glycoproteins3 and glycosylation is one of the most 
common post-translational modifications in these biopharmaceuticals. 

Sensors for pH, conductivity, pressure, optical density, and single wavelength UV spectroscopy 
are widely implemented as process monitoring tools in MAb production and purification 
processes. The data from these sensors are useful yet limited as they cannot provide sufficient 
information regarding specific product concentration, impurities, or post-translational 
modifications. High Performance Liquid Chromatography (HPLC), Capillary Electrophoresis (CE), 
and Mass Spectrometry (MS) are often used to obtain information regarding glycosylation 
profiles of proteins, but sample preparation and analysis require enough time such that real time 
analysis is not usually feasible4. 

Raman spectroscopy has been demonstrated as a technique that can monitor protein 
aggregation5, provide information on protein folding6 and monitor the glycosylation status of 
proteins7,8. Glycosylation is an important CQA, as the sugar chains added to the protein impact 
immunogenicity, and therefore its effectiveness as a therapeutic. To demonstrate the Tornado 
HyperFlux PRO Plus™ (HFPP) Raman spectrometer and its ability to detect changes in protein 
glycosylation, we studied the Raman spectra of two example proteins. Bovine pancreatic 
ribonuclease proteins, RNase A and RNase B, were chosen for this investigation.

RNase A and RNase B have the same 
primary, secondary, and tertiary structures9 
but differ in glycosylation. RNase B has a 
single glycosylation site (Figure 1) which is 
absent in RNase A. This is a simple yet 
useful system for comparison replicated 
from Brewster7 in which the authors used 
microRaman spectroscopy for similar work. 
This application note uses the HFPP 
spectrometer coupled with a process-built 
fiber optic immersion probe to demonstrate 
applicability for real-time monitoring. While 
the analysis performed here employs RNase 
A and RNase B, one could adapt this 
approach to other complex glycoproteins 
such as MAbs. The use of a model system 
with just one glycosylation site also 
demonstrates the sensitivity of the Tornado 
High Throughput Virtual Slit (HTVS™) 
technology, allowing this important property 
to be detected in protein therapeutics even 
with minimal presence.

APPLICATION NOTE

Figure 1 Representation of bovine RNase B10. 
Highlighted in green is the asparagine residue which can 
harbour sugar residues in RNase B, and has no sugar 
residues in RNase A.
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EXPERIMENT AND DATA ANALYSIS
Raman collection parameters - The Hyperflux PRO Plus™ was equipped with a standard immersion probe for 
these measurements. RNase A and RNase B were measured from 0.1 – 0.9 mg/mL in a 25mM sodium 
phosphate and 150mM sodium chloride buffer. Partial Least Squares (PLS) regressions were performed to 
demonstrate the potential for quantification with the HFPP. Measurement times were 5 minutes total (3000ms x 
100 averages) using a laser power setting of 495mW.

Data processing and model development - Buffer-subtracted spectra of RNase A and RNase B were obtained 
using LabCognition’s Panorama Pro. To do this, the acquired buffer spectrum was simply spectrally subtracted 
from spectra of both RNase A and RNase B in buffer. These spectra were then processed with a 15-point 
Savitzky-Golay smoothing and AIR-PLS baseline subtraction (Lambda = 10 with 5 iterations). PLS models were 
developed with PEAXACT chemometric software. 

RESULTS
RNase A and B comparison 

Figure 2 shows the processed buffer-subtracted spectra of RNase A in blue (4.5 mg/mL) and RNase B (2.0 mg/
mL) in red. Clear differences between the spectra can be seen, especially in the amide I and amide III regions. A 
band at 1350 cm-1 is present in RNase B, which is not present in RNase A. This band is attributed to the NH2 
twisting in N-acetylglucosamine, which is the glycan residue coordinated to RNase B7,11. There is a slight, yet 
noticeable shift in the amide I band from 1668 cm-1 in RNase A to 1666 cm-1 in RNase B. This region is 
associated with turn structure12 and this peak shift could indicate a slight change in structure from the absence of 
the sugars at the structural turn at asparagine 347. Relative peak width and intensity changes at 1450 cm-1 may 
be attributed to the alanine - CH3 and the glycosidic ring of N-acetylglucosamine and mannose residues.
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Figure 2 Buffer-subtracted spectra of RNase A (blue) and B (red). 
Spectra normalized to maximum peak intensity of the amide I band.
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Figure 3 Calibration plot for RNase B. Preprocessing used is Rubberband baseline subtraction and 15 pt 
Savitzky-Golay smoothing. Region selected is 1115-1800 cm-1. PLS model uses 3 factors to obtain an 
R2 of 0.976 with a RMSEcv of 0.046 mg/mL.

Figure 4 Calibration plot for RNase A. Preprocessing used is Rubberband baseline subtraction and 15 pt 
Savitzky-Golay smoothing. Region selected is 1115-1800 cm-1. PLS model uses 3 factors to obtain an 
R2 of 0.979 with a RMSEcv of 0.040 mg/mL.

To make rough assessments of the ability to use the data from the HyperFlux PRO Plus™ to 
quantify these proteins individually, dilution series of RNase A and RNase B from 0.1-0.9 mg/mL 
in 0.1 mg/mL steps were made and measured. Two individual PLS calibrations were made and 
can be seen in Figures 3 and 4. Good PLS models were built using 3 factors with acceptable R2 
values of 0.976 for RNase B and 0.979 for RNase A. Good RMSEcvs were achieved and suggest 
that the limits of detection for each of these proteins are approximately 120 ppm. This indicates 
that the HFPP would be able to detect differences in the glycosylation status of proteins and be 
able to quantify glycosylated protein therapeutics in upstream and downstream bioprocesses.

THE TORNADO SOLUTION
In this note, the Tornado Hyperflux PRO Plus™ was demonstrated to observe spectral differences 
between RNase A and RNase B. These differences can be attributed spectrally to glycan residues 
and protein conformation changes. While the differences between RNase A and RNase B are 
straightforward, the results suggest that Raman can be applied to more complex systems, such 
as glycosylated MAb therapeutics. The fact that the Tornado HFPP can detect small differences in 
glycosylation between these two proteins with a probe-based measurement is an indication of the 
sensitivity of the HTVS™ technology. There are multiple literature references5,7,8,13 supporting the 
fact that real-time monitoring of protein glycosylation may be achievable with Raman 
Spectroscopy. Real-time evaluation of protein post-translational modifications such as 
glycosylation would bring significant value to the goal to create Real Time Release Testing (RTRT)



Tornado Spectral Systems designs, manufactures, and sells dispersive optical spectrometers primarily for 
Raman spectroscopy. Tornado’s HyperFlux™ spectrometers deliver significantly enhanced sensitivity by using a 
patented high-throughput virtual slit (HTVS™) to eliminate the physical slit of a conventional spectrometer and 
avoid signal losses while maintaining high spectral resolution.
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■ Tornado Spectral Systems HTVS™ Raman technology facilitates real-time analysis to provide
molecular characterization of MAbs and related species that have undergone post-
translational modifications such as glycosylation. This gives promise for the use of Raman for
Real Time Release Testing (RTRT).

■ Glycosylation is a common attribute that profoundly affects MAb potency and quality.
Detection of this type of post-translational modification can provide valuable information in a
development setting and can be part of the control process during Downstream Processing.

■ The Tornado HTVS™ Raman devices aid in interpretation of the molecular nature of particular
post-translational modifications, which adds valuable process understanding in the
development phase and also ultimately adds value in the process control phase.
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possibilities for protein therapeutic drugs. This is significant because RTRT strategies can provide a great deal 
of value to pharmaceutical manufacturing organizations, such as reduced inventory, reduced laboratory costs, 
and increased ROIs. Measurements of CQAs during manufacturing is one potential route towards RTRT.

SOLUTIONS SUMMARY
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