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Introduction
RedShiftBio has developed a powerful new tool for protein structural 
analysis based on Microfluidic Modulation Spectroscopy (MMS). 
This technology shows significant increases in sensitivity, dynamic 
range, accuracy and utility for determination of protein secondary 
structure, quantitation, similarity, stability and aggregation.  
The analyzer utilizes a tunable mid-infrared quantum cascade laser 
to generate an optical signal 1000X brighter than conventional 
sources used in FTIR spectroscopy. This also allows the use of 
simpler detectors without the need for liquid nitrogen.

Additionally, the sample (protein) solution and a matching buffer 
reference stream are automatically introduced into a microfluidic flow 
cell, and the two fluids are rapidly modulated (e.g. 5 Hz) across the 
laser beam path to produce nearly drift-free background subtracted 
measurements. 

A simplified diagram of the instrument is shown below in Figure 1.

Methods
Protein absorption spectra were measured across the amide I band, 
from approximately 1700 to 1600 cm-1 in 4 cm-1 increments. Data was 
acquired using an advanced prototype instrument and processed 
using standard analytical methods described in the literature.  All 
measurements were taken at room ambient temperature (~21°C) with 
no temperature control of the fluids or measurement cell.  Analysis 
times are on the order of 5 to 7 minutes.   

Figure 1. Diagram of the platform shows the tunable laser which probes 
the protein solution through a microfluidic cell. The microfluidic cell rapidly 
alternates between sample and reference (buffer) streams to continuously 
and rapidly perform background subtraction which dramatically improves 
measurement precision, accuracy, and signal-to-noise.

Conclusion
• RedShiftBio’s MMS Platform  provides fast secondary structure measurement 

of proteins from 0.1 mg/mL to over 200 mg/mL without the need for dilution.
• MMS delivers comprehensive analytical  information on secondary structure, 

stability, aggregation, similarity, and quantitation. 
• MMS enhances the reproducibility of measurements and simplifies the 

workflow by automating rapid background/buffer subtraction measurements
• Automated, fully-traceable data processing standardizes and streamlines 

structural analysis for highly reproducible and comparable results
• The net result is a powerful and versatile automated tool for the direct, label 

free characterization of proteins through all phases of biologic drug  
development, from discovery through formulation, and even in manufacturing. 
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Accuracy

Figure 4. Excellent agreement with orthogonal methods on both alpha-rich and beta-rich 
proteins. Repeatability is typically ~99% @ 1mg/mL using Area of Overlap similarity.

Very Wide Concentration Range

Figure 3. Direct measurements of BSA made at:  0.1, 1.0, 10, 100 & 200mg/ml, No required 
dilutions with higher concentrations.

Superior Sensitivity and Reference Baselining

Figure 2. Left plot: Comparison of current FTIR platforms to MMS platform. Right plot: 
drift-free baseline.

Monoclonal Antibody Fragment vs Incubation Temperature

Figure 5. Spectral measurements from a thermal denaturing experiment performed on a fusion protein. 9 different protein samples (@ 1 mg/mL in PBS) were exposed 
to elevated temperatures, ranging from 24°C to 80°C, for 32 min, quenched in ice water, warmed to room temperature, and measured using MMS. The absolute 
absorbance of the native and denatured proteins is shown in the upper left. A model IgG reference (ref: A. Dong @ UNCo) is also included for comparison. The 
second derivative is shown in the lower left, from which delta second derivative and Area of Overlap plots are generated, leading in turn to the stability and fractional 
contribution plots shown on the right. The rise in anti-parallel beta sheet (“beta-”) is consistent with the onset of aggregation.
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