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1 Introduction 

Almost 60% of commercial pharmaceutical proteins are glycosylated. Glycosylation is considered a 

critical quality attribute as it affects proteins' stability, bioactivity, and safety. Hence, the regulatory 

authorities require systematic characterization of the composition and structure of glycoproteins 

throughout development processes. Currently existing methods are time-consuming, expensive and 

require significant sample preparation steps which can alter the robustness of the analyses. Thus, we 

have suggested the use of a fast, direct and simple method based on Fourier transform infrared 

spectroscopy (FT-IR) and Support Vector Regression (SVR) [1]. The SVR method is considered a 

powerful alternative to Partial least squares (PLSR), thanks to its ability to model nonlinear 

relationships flexibly. Usually, SVR is applied as a black-box method, unlike the PLSR where the 

models can be straightforwardly interpreted by evaluating their loading. Thus, the aim of the present 

study was to succeed in visualizing and interpreting the SVR models to quantify glycosylation by 

adapting the methodology proposed by Üstün et al. on the radial basis function (RBF) kernel [2]. 

2 Theory 

Consider an input data set 𝑋(𝑁 × 𝑀) with an output vector 𝑦𝑖 ∈ 𝑅. The objective of SVR is to find 

a multivariate regression function 𝑓(𝑥) to predict the desired output property (amount of 

monosaccharides) of an unknown object (spectrum). 

                                               𝑓(𝑥) = ∑ (𝛼𝑖 − 𝛼𝑖
∗) 𝐾(𝑥𝑖, 𝑥𝑗) + 𝑏𝑁

𝑖,𝑗=1                                               (1) 

𝛼𝑖 and 𝛼𝑖
∗ correspond to the support vectors (𝛼𝑖 , 𝛼𝑖

∗ ≠ 0). 𝐾(𝑥𝑖 , 𝑥𝑗) is a RBF kernel that transforms the 

non-linear input space into a high-dimensional feature space, where the problem can be modeled in a 

linear way. However, the information related to the original input variables is lost. This is why, the 

first step was to calculate the correlation matrix 𝑅(𝑁 × 𝑀) between each column of the input data 

(spectral variables) and each row of the kernel matrix (similarity measure), in order to clearly 

determine which input variables in the original input data are explanatory for the modeled output 

property (amount of monosaccharides) (Fig. 1.A). The second step was to determine the contribution 

of each input variable to the final regression model, a P-vector is obtained by calculating the inner-

product between the original input space (XT) and the α-vector of the SVR models (Fig. 1.B) [2].  



Figure 2- illustrates the overlay of the spectra of pure mannose, LV1, P-vector. A) in a mixture of mannose 

and B) in the samples of glycoproteins. 

 

 

 

 

3 Material and methods 

Thirty-two therapeutic proteins were investigated. Micro-Biospin™ columns were used to remove 

the excipients which can interfere with the FT-IR measurements. Samples were analyzed by Bruker 

Tensor 27 FT-IR spectrophotometer (Bruker Optics GmbH, Ettlingen, Germany) with the software 

Opus 6.5 (Bruker Optics GmbH, Ettlingen, Germany). 0.5 µL of each protein sample was deposited 

and dried on the diamond crystal of the ATR device. For each glycoprotein, six spectra for each three 

independent samples were recorded between 4000 and 600 cm-1 at a resolution of 2 cm-1 and 128 

scans.  

The N-glycans of the antibodies were characterized by GlycoWorks RapiFluor-MS™ kit (Waters, 

MA, USA) and reference data were performed by UPLC-FLR-MS analysis. Regression models 

(PLSR, SVR) and P-vector were computed on mixtures of monosaccharides and samples of 

glycoproteins. Matlab® (R2017b) and the PLS-Toolbox (Eigenvector Research, WA, USA) were 

used. All the spectra were preprocessed by Savitzky-Golay 2nd derivative (polynomial order: 3, 

window size: 15) followed by standard normal variate (SNV). 

4 Results and discussion 

For example, in the mannose mixture model, mannose characteristic bands were present in LV1 (PLS) 

and also in P-vector (build-in SVR). The same results were observed for the glycoproteins model. 

 

 

 

 

 

 

 

5 Conclusion 

It can be concluded that this visualization and interpretation approach facilitates the understanding 

and specificity analysis of SVR models to quantify monosaccharides content in glycoproteins.  
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Figure 1 – A) illustrates the correlation matrix 𝑅(𝑁 × 𝑀) and B) illustrates the P-vector. 
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