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Abstract 
Structural analysis of proteins using the emission of 

intrinsic fluorophores (Trp, Tyr) is complicated by 

spectral overlap. Anisotropy resolved multi-

dimensional emission spectroscopy (ARMES) 

overcame the overlap problem by the use of anisotropy, 

with chemometric analysis, to resolve the emission of 

each fluorophore. The output of ARMES is structural 

knowledge of specific domains in the protein structure. 

1. Introduction 
The development of rapid, reliable and robust, 

quantitative and qualitative analysis methods for 

materials used in the BioPharma industry is of great 

interest. Compositional and structural analysis of cell 

culture media and proteins often require complicated 

analytical methods and extensive sample handling. 

Multi-dimensional fluorescence (MDF) spectroscopy 

has been successfully applied by the NBL research 

group for the analysis of such materials due to the 

intrinsic fluorescence of specific fluorophores. 

This research focuses on the combination of anisotropy 

(r) with MDF to produce new 4-D methods (λex × λem × 

I × r) coupled with chemometric analysis for structural 

analysis of proteins. ARMES resolves the emission 

contributions of individual fluorophores from mixtures 

based on their anisotropy. In a previous paper we 

described the use of multi-dimensional fluorescence 

anisotropy for protein quantification in highly complex 

biogenic mixtures.[1] 

2. Materials and methods 
Two structurally similar and highly studied albumins 

(human - HSA, and bovine - BSA) were used as model 

proteins and were subjected to different stress factors 

and analyzed using ARMES in order to demonstrate 

method efficacy. 
Total synchronous fluorescence spectroscopy (TSFS) 

was the multi-dimensional fluorescence method 

selected. Noise Perturbation in Functional Principal 

Component Analysis (NPFPCA) was used to determine 

the number of pure components in the polarized 

fluorescence datasets and Multivariate Curve Resolution 

was used for spectral deconvolution. Anisotropy was 

then calculated for each individual component. 

 

 

3. Results 
The pure components extracted represent the 

fluorescence emission of Trp, groups of Tyr, and Trp 

phosphorescence (Fig.1). Component validation was 

performed using unbounded Tyr/Trp solutions. BSA 

shows one extra component compared to HSA due to a 

second Trp in its structure. Although having similar 3D 

structures and 76% sequence homology, BSA and HSA 

can be differentiated using ARMES based on the 

components extracted and multi-dimensional anisotropy 

patterns.  

 

Fig.1: HSA structure with highlighted Tyr/Trp (left) and 

sample ARMES data (right).[2] 

 

4. Conclusions 
ARMES is a powerful new tool that combines multi-

dimensional anisotropy with chemometrics to give a 

unique approach at studying protein structural behavior 

without the need for protein labeling or use of expensive 

and labor extensive methods. 

 

5. Acknowledgements 
This work was supported by the Irish Research Council 

and by the loan of a fluorescence spectrometer by 

Agilent Technologies. 

 

6. References 
[1]. R.C. Groza, A. Calvet, and A.G. Ryder, "A fluorescence 

anisotropy method for measuring protein concentration in 

complex cell culture media", Analytica Chimica Acta, 2014. 

821: p. 54-61. 

[2]. R.C. Groza, B. Li, and A.G. Ryder, "Anisotropy Resolved 

Multi-Dimensional Emission Spectroscopy (ARMES): a new 

tool for protein analysis", Analytical Chemistry, manuscript 

under consideration. 

 


