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RedShiftBio® is a forward-thinking technology
company providing a powerful life sciences
platform for reliable and accurate detection of
pivotal changes in molecular structure that
affect the critical quality attributes governing
the safety, efficacy, and stability of biomolecules
and their raw materials. The company has
developed a powerful new analytical technique,
Microfluidic Modulation Spectroscopy (MMS)
that provides comprehensive information
across five key measurements in a single
automated analysis, replacing the requirement
to run samples on multiple instruments.
RedShiftBio is headquartered out of Burlington,
Massachusetts. For more information, please
visit www.redshiftbio.com.

The New way to See Change®
Gain confidence in the higher order structure of your biomolecules
through ultra-sensitive, ultra-precise automated infrared analysis
with accurate, real-time background subtraction.
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FOCUS ON
STRUCTURE
to Verify Protein Function

Determining Protein Secondary Structure
Using Microfluidic Modulation Spectroscopy

Microfluidic Modulation Spectroscopy is an
technique for biomolecule analysis that
directly addresses the limitations of
.
background subtracted, high sensitivity measurements of the
structure across four
logs of concentration.
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FOCUS ON
STRUCTURE
to Verify Protein Function

Determining Protein Secondary Structure
Using Microfluidic Modulation Spectroscopy

Only when a protein is correctly folded
can it properly function. When a protein
is manufactured, such as for therapeutic
purposes, its conformation changes depending
on its concentration, interaction partners, and
formulation buffer. To ensure a therapeutic
protein's efficacy and safety, the structure of the
final product must be verified. Protein structure
can be monitored at various steps of the
manufacturing process to alert scientists about
undesired changes that can affect function.
Secondary structure analysis, using a technology
such as Microfluidic Modulation Spectroscopy
(MMS), is central to the verification process.
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UNDERSTANDING THE COMPLEXITY OF A PROTEIN
As a protein folds, four levels of increasing complexity define its
conformation in different environments.
During protein synthesis, individual amino acids are assembled
to create a growing polypeptide chain. This linear sequence of
amino acids is the protein’s primary structure.

Stretches of atoms in the polypeptide backbone form hydrogen
bonds with each other to create localized structural arrangements
that make up the protein’s secondary structure. Common secondary
structures include α-helices, β-pleated sheets (β-sheets), turns, and
unordered regions.

Amino acid side chains next form interactions that fold
the protein into its three-dimensional conformation, or
tertiary structure.

Proteins that contain multiple subunits form a quaternary
structure. This represents the interactions between the
subunits that give rise to the final conformation of the
functional protein complex.

FACTORS AFFECTING PROTEIN
STRUCTURE

To reach its final conformation, a polypeptide first forms α-helices,
β-sheets, and other secondary structures. Failure to create the
correct hydrogen bonds changes the patterns needed to form these
structures and affects every other higher protein structure level.
External factors such as temperature, pH, and formulation influence
hydrogen bonding. Given that any structural change can impact
functionality, the ability to accurately detect minimal changes in
secondary structure is critical to protein manufacturing and formulation.

AN INFRARED WINDOW INTO
SECONDARY STRUCTURE

When infrared (IR) light travels through a molecule, it causes the
different bond types to vibrate at different frequencies. Covalent
bonds can stretch or bend depending on the chemical nature of
their functional groups and the wavelength of light that interacts
with them.
When identifying protein structure with IR light, a detector analyzes
the light that is absorbed by the sample. The wavelengths that
reach the detector do not interact with the molecule. In contrast, the
wavelengths that vibrate the molecule are absorbed by the sample
and do not reach the detector. An absorbance spectrum is generated
that reflects the percentage of each wavelength or its inverse, the
wavenumber (WN), that reaches the detector.

Secondary Structure Element

WN range (cm-1)

α-Helix

1656

β-Sheet

1610-1640 and 1690

Turn

1660-1688

Unordered

1650

unordered

Absorbance

β-sheet
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1720 1700 1680 1660 1640 1620 1600 1580

Wavenumber (cm-1)
Amide A

4000

•

Measures IR light absorbance,
similar to FTIR

•

Uses a high-power quantum
cascade laser and a flow cell
with a 22-23 μm nominal path
length

•

Accommodates a wide
range of concentrations:
0.1-200 mg/mL

•

Microfluidic cell compares
sample versus buffer in
real time to automatically
generate a backgroundsubtracted, drift-free spectrum
Automated data acquisition
and processing supports
high-throughput analysis

Circular
Dichroism⁴
•

Measures differential
absorbance of right- and
left-circularly polarized light

•

Each secondary structural
element shows a unique
absorption pattern when
illuminated with polarized
ultraviolet light

•

Works best at low protein
concentrations: 0.005-5 mg/mL;
not suited for higher
concentrations

•

Relatively insensitive to
changes in β-sheet structure

•

Susceptible to interference
from certain buffers and
excipients

FourierTransform
Infrared (FTIR)
Spectroscopy⁵
•

Analyzes a molecule’s ability
to absorb infrared light

•

Absorbance pattern changes
depending on the presence
of secondary structures

•

Optimal concentration range:
10-200 mg/mL

•

Requires a manual
background subtraction
or manual referencing,
increasing susceptibility
to background drift

•

Cannot be automated

MMS TECHNOLOGY IN A NUTSHELL

To determine the secondary structure of a protein in solution, MMS
technology compares its absorbance at various wavenumbers to
that of the buffer alone to create a background-subtracted spectrum.

α-helix

turn

Microfluidic
Modulation
Spectroscopy
(MMS)³

•

IR technologies such as MMS reveal protein structure from IR light
because the amount and type of covalent bonds in the different
secondary structures absorb light at a specific wavenumber
within the Amide I band (1600-1700 cm -1), see table.1 Scientists
can resolve a sample’s absorbance pattern to determine the
secondary structure of the proteins within that sample (below). 2
The Amide I region (yellow) of a protein's absorbance pattern
relays the most information about protein secondary structure
since it has a higher signal compared to other regions such as the
Amide II or Amide A bands.
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THREE
COMMON
TECHNOLOGIES
TO STUDY
PROTEIN
SECONDARY
STRUCTURE
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FTIR-based technologies require the researcher to individually
collect sample and reference spectra. Longer time spans between
measurements can lead to fluctuations in temperature, which
can change the absorbance pattern (drift) and reduce analytical
accuracy, sensitivity, and repeatability.
MMS technology solves the problem of background drift by
modulating both solutions through a microfluidic flow cell with a
nominal 23 μm path length. A high-power IR laser interacts with the
sample and buffer molecules in the flow path, alternating between
the two fluid streams at ≥ 1 Hz to compare absorbance patterns across
wavenumbers and generate a drift-free spectrum.6
Subtracting background
measurements in real
time enables detection
and quantification of
minute changes in
conformation. In the
figure to the right,
researchers performed
MMS on a series of
solutions containing pure
IgG that were spiked with
increasing amounts of
aggregated IgG.7 Using
MMS, they could detect
trace amounts of the
aggregated IgG.

