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Abstract Results
Microfluid Modulation Spectroscopy (MMS) is a novel automated infrared (IR) spectroscopic
protein characterization technique to characterize the secondary structure of proteins.
To assess the sensitivity of this technique, we first analyzed a monoclonal antibody (mAb)
sample at low and high concentrations (0.5mg/ml and 10mg/ml) and compared the data to the
traditional FTIR data. We also ran a BiTE sample (Bispecific T cell Engager) to test sensitivity for
a different modality at low concentrations (1mg/ml). The high similarity scores (>98%) of both
the samples at low concentrations indicates the high accuracy and sensitivity of this MMS
method.
To evaluate data quality and performance of the technique, we analyzed a mAb sample in
three buffers containing different amounts of polysorbate (PS) 80 (0.01%, 0.05% and 0.1%
w/v). The results show that the absolute and second derivative spectra are closely matched in
each buffer condition with similarity scores >99%. The HOS analysis yields consistent secondary
structure content for the mAb sample in different buffers, indicating that different amounts of
PS 80 in the buffers did not affect the secondary structure of the mAb sample.
To test consistency, reproducibility and accuracy, the dataset was compared to the spectra of
the same mAb at higher concentrations without PS80, with runs performed on different days.
The high similarity scores (>99%), and consistent HOS analysis of secondary structure across
different datasets confirms that PS 80 has no effect on the secondary structure of the mAb.

Introduction
The MMS instrument utilizes a tunable mid-IR quantum
cascade laser to generate an optical signal over 100X brighter
than the conventional sources used in FTIR spectroscopy
giving much higher sensitivity. Brighter sources also allow the
use of simpler detectors without the need for liquid nitrogen
cooling. 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. 1-5 Hz) across the laser beam path to
produce nearly drift-free background compensated
measurements. A simplified diagram of the instrument and a
picture of a MMS preproduction platform are shown to the
right. Samples were tested at different concentrations using a
MMS platform, AQS3pro and analyzed using AQS3delta
software.

Method
Samples at different concentrations (ranging from 0.5mg/ml to 100mg/ml) were analyzed at
ambient temperature using a RedShiftBio AQS3pro unit with multi-sample automation. A
microfluidic transmission cell of approximately 23.8 µm pathlength was used. The sample and
the buffer fluids were modulated at a frequency of 1 Hz and a pressure of 5psi. Thirty three
discrete wavenumbers across the amide-I band from 1714 cm-1 to 1590 cm-1 were scanned and
the differential absorbance spectra were collected. Triplicate measurements were carried out
for each sample. The data was analyzed using AQS3delta, RedShiftBio’s proprietary data
analysis software, to produce the final spectral plots and results.

Aim 2: Test performance of the instrument by analyzing if different amount of PS 80 (0.01%, 
0.05% and 0.1% w/v) in buffer affects the secondary structure of a mAb sample (5mg/ml). 

Higher order structure analysisSimilarity score from MMS

*Similarity score is calculated by comparing the area of overlap and the 
mean of Buffer A runs is used as reference. Buffers A,B,C contain 0.01%, 
0.05% and 0.1% w/v PS 80, respectively, and otherwise same.

Conclusion 2: High similarity scores (>99%) and consistent HOS analysis across different 
datasets indicates that PS 80 has no effect on the secondary structure of the mAb

Overall Conclusion
Our data indicates that MMS is a powerful automated protein characterization tool for
secondary structure assessment of biopharmaceuticals with high accuracy and
sensitivity, reproducibility, applicable to multiple modalities and wide concentration
ranges (0.5mg/ml to 100mg/ml), enabling structural characterization not achievable
using traditional FTIR methods.

Aim 3: Test consistency and reproducibility of MMS data by comparing the PS 80 datasets 
(shown above) to the spectra of the same mAb at higher concentrations in buffer without PS 
80, with runs performed on different days.

Similarity score from MMS

Conclusion 3: Consistent analysis of secondary structure across different data sets confirmed 
that PS 80 has no effect on the secondary structure of the mAb and that MMS data is highly 
reproducible and accurate.

*Similarity score is calculated by comparing the area of overlap and 
the mean of 50mg/ml runs is used as reference. Buffers differ in 
concentrations of PS 80 only as indicated and otherwise same.
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Aim 1: Test sensitivity of the instrument by running a mAb (Part A) and a BiTE sample (Part B) at 
low concentrations.

Similarity score of samples at low and 
high concentration runs from MMS

Data for the mAb sample at 0.5 mg/ml

Similarity score from MMS

Conclusion 1: MMS and traditional FTIR data are comparable at high concentrations (>10mg/ml). 
MMS can be used at low concentration with high sensitivity (similarity scores >98% for mAb and 
>99% for BiTE).

*Similarity score is calculated by comparing the area of overlap (AO) 
and the mean of the three runs at 10 mg/ml is used as reference. 

*Similarity score is calculated by comparing the area of 
overlap and the mean of the three runs is used as reference. 

Good quality data (similarity score >95%) is 
not possible at 0.5 mg/ml using traditional 

FTIR instrument.

Data for the mAb sample at 10 mg/ml using 
RedShiftBio MMS

Data for the same mAb sample (shown left) at 
10 mg/ml using traditional FTIR

Second derivative spectra

Higher order structure analysis

Part A: Running a mAb sample at low and high concentrations and comparing RedShiftBio MMS with 
traditional FTIR data.

Part B: Running a BiTE (Bispecific T cell Engager) at low concentration ( 1mg/ml)

Sample conc. 
(mg/mL)

Similarity (%) of replicates Mean±SD

0.5 98.78 98.84 98.71 98.78±0.07
*10 99.90 99.91 99.88 99.90±0.02

Sample conc. 
(mg/ml)

Similarity (%) of replicates Mean±SD

*1.0 99.01 99.20 98.97 99.06±0.12

Sample 
conc.

HOS% (Mean±SD) of replicates
Beta Turn Unordered Alpha

1.0mg/ml 58.67±0.80 31.38±0.48 7.64±0.78 2.32±0.36

HOS contents (%) from MMS

Samples in Similarity (%) of replicates Mean±SD
*Buffer A 99.62 99.79 99.76 99.72±0.09
Buffer B 99.76 99.64 99.52 99.64±0.12
Buffer C 99.66 99.55 99.69 99.63±0.07

Samples in HOS% (Mean±SD) of replicates
Beta Turn Unordered Alpha

Buffer A 61.41±0.09 29.40±0.11 6.90±0.01 2.29±0.03
Buffer B 61.67±0.15 29.22±0.06 6.87±0.10 2.24±0.10
Buffer C 61.63±0.13 29.29±0.07 6.80±0.10 2.27±0.15

HOS contents (%) from MMS

Sample 
Conc.

In Buffers 
w/o PS 80

Similarity (%) of 
replicates

Mean±SD

*50 mg/ml Base Buffer 
(no PS 80)

99.45 99.75 99.60 99.60±0.15

100 mg/ml Base Buffer 
(no PS 80)

99.37 99.36 99.37 99.37±0.01

5 mg/ml Buffer A 
(0.01% PS 80)

99.30 99.31 99.17 99.26±0.08

5 mg/ml Buffer B 
(0.05% PS 80)

99.18 99.28 99.06 99.17±0.11

5 mg/ml Buffer C 
(0.1% PS 80)

99.36 99.26 99.23 99.28±0.07


