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Parallelized Raman and Dynamic Light Analysis for
High-Throughput Biochemical Screening and Monitoring
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Raman spectroscopy and dynamic light analysis have long been used to examine biochemical reactions
Raman spectroscopy is a powerful non—invasive compositional analysis method to study biochemical reactions
such as drug effect in cells, and crystal form change during crystallization. Dynamic light analysis, such
as dynamic light scattering and fluorescence correlation spectroscopy, is used to analyze particle size
and molecule dynamics, which are important factors in crystallography and biochemical reactions

Despite the potential of Raman spectroscopy and dynamic light analysis, their long measurement time
limits their application to high—throughput screening and monitoring of biochemical samples, such as
screening drug candidates for tumor cell treatment and crystallization kinetics under various conditions
Improving the throughput of Raman spectroscopy and dynamic light analysis can expand their applications.
Current analysis methods for large sample volumes require measuring samples one by one, limiting the
throughput for screening and monitoring

In this dissertation, I parallelized the Raman spectroscopy and dynamic light analysis systems to
simultaneously assess multiple biochemical samples in separate wells of a 96-well plate, which can improve
their throughput by about two orders of magnitude compared to a conventional single—focus system and enable
simultaneous monitoring of multiple conditions

I developed a multifocal Raman spectrophotometer with 96 uniform power excitation to simultaneously
assess the Raman spectra of 96 samples in a 96-well plate. The collection volume was optimized to collect
the Raman signals from samples with submillimeter thickness, such as 3D spheroids and drug crystals. To
demonstrate parallel measurement ability, I assessed the Raman spectra from 96 identical liquid samples
and different crystal samples in a 96-well plate. To demonstrate its high—throughput Raman analysis
ability, Raman spectra of over 150 spheroids treated with various concentrations of chemicals were examined
in parallel, and concentration—dependent cellular responses were observed. In addition, I controlled the
environment in the multifocal system and developed polydimethylsiloxane (PDMS) microchambers to allow in
situ monitoring of biochemical reactions in cells and crystallization.

Biochemical reactions usually involve temperature change. To expand the application of the multifocal
Raman system, I integrated a temperature control chamber into the system and demonstrated parallel Raman
monitoring of cooling crystallization. The temperature changes in EtOH-H,0 mixture solutions across a 96—
well plate were monitored at 30-second intervals using the O-H Raman band and confirmed using a
thermocouple. The temperature difference between them was less than 1° C. Cooling crystallization under
different drug concentrations was simultaneously monitored. Temperature changes, crystallization kinetics,
and crystal form transformation were assessed by the Raman spectra. The evaluated transition temperature
among different wells was consistent with other standard results.

Long—term monitoring in living cells is important to understand cell dynamics, such as chemical
response, differentiation, etc. To monitor changes in the spheroid in parallel, 1 developed PDMS
microchambers molded in a 96-well glass bottom plate to position spheroids and allow both spheroid culture
and Raman monitoring at the same time. To minimize stress on the spheroids, I mimicked the cell culture
incubator environment and investigated the excitation conditions that do not damage the spheroid. Spheroids
cultured in the developed PDMS microchambers in the multifocal Raman system exhibited a growth rate similar
to those in a commercial spheroid culture plate in the cell culture incubator, indicating the system’ s
capability of Raman monitoring without damaging the spheroids. Finally, drug—treated spheroids were in
situ assessed using time—lapse Raman observation, and time—dependent drug—induced cytotoxicity was
observed.

Regarding parallel dynamic light analysis requiring high temporal resolution signal detection, I
demonstrated the capability of using the multifocal spectrophotometer for this purpose without changing
its components. By utilizing the kinetic read—out mode of the CCD camera, I achieved a sub-millisecond
signal collection speed. The capacity for parallel size detection through DLS was verified by measuring
beads of known size. The evaluated bead sizes corresponded to the specifications provided by the
manufacturer, although a large number of data was required to average the noise in the current optical
design.
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