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measurement standard operating procedures, which are
required to be prepared under revisions to the Medical Care
Act in Japan, can be generated automatically. These func
tions contribute to reducing the burden of data management
and mitigating risks arising from data-entry errors.

*7 Product availability varies by country. This product is not available in
all markets.

Conclusion

In this article, we described the YM-120, which enables
immediate on-site testing within medical facilities using only
a small volume of blood, focusing on the structure of the
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electronic medical records—and thereby contribute to
strengthening the role of primary care physicians in commu
nity healthcare and to delivering high-quality medical ser
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and contribute to society by realizing testing that is “rapid,
simple, and highly accurate.” We also intend to pursue-devel

opment of additional test items that are in hlgh demand aw

POCT in clinical settings but have not yet been realized.
[1] °\N%2 @v@ '~
. . . . . , IUuQT XXX NIMX HP KQ XXX UPQJDT LFOLP
* Editorial note: This content is based on HORIBAS ¢ €°€J0 +BQBOFTFE
investigations in the year of publication, unless otherwise[2] °\Nt2 ®©-0~Ysw&¢tqU.U*wASw--t
stated. ",itmMo”

IUUQT XXX NIMX HP KQ DPOUFOU
¢ €°€JO +BQBOFTFE

[8] G "i**O 7JUSRBHOPTWLBIZT)03*#"
.FEJDBMW®™q ™w2I P %)%%%(%3%P6E BQBOFTFE

[4] -FOUFST 8&PWMIBPHFSMBOEFFG)FNPHMPCJO
" DIPJOU P GOHBISF NFRORUITFFYFOFSBMMZ
"DDF QUFEMZ UFBEN S NS D BE%BEB6-%2%-%'%%%0
% %,%)%1%-%7%8%6%=

[5] #'o™|> %s 5 "4U[>;Mh GMUB=Us~
" CVNJ[FO #B OB M ZTOWM%)%%%(#3%9%8
¢JOrBQBOFTF£

[6] A> TlbyYoe)03*#" &% *4*%&/,"(& OFYWU
WU"AYTiAEipp©eqOrpy™ %%6) %% % (Y83%9 %8
¢JO-BQBOFTF£

5BLBTIJ /BHBJ

$VVLVWDQW 6HFWLRQ /HDGHU
Product Development Dept.

Bio & Healthcare Technology Division

HORIBA, Ltd.

74| Readout English Edition No.61 June 2026



Product Introduction

High-Throughput Screening with Chemical Specificity in
Biopharma with PoliSpectra Rapid Raman Plate Reader

Fiona Xi Xu

The PoliSpectra Rapid Raman Plate Reader addresses the critical trade-off in bio-
pharma between high-throughput speed and chemical specificity by providing
automated, label-free molecular fingerprinting. Designed for seamless integration
into 96-well plate workflows which enables simultaneous measurement of multiple
samples for condition optimization, the Rapid Raman Plate Reader utilizes multi-
laser excitation and “walk-away” automation through automatic calibration and
robotic-arm and liquid handler integration to deliver non-destructive analysis of
complex samples. This Readout demonstrates the platform’s efficacy through
three key applications: the precise quantification of nucleoside triphosphates (NTPs)
in mixture, the determination of protein detection limits for BSA and lysozyme, and
the monitoring of glucose levels in varied culture media. By delivering rapid, repro-
ducible results across these diverse bioprocessing tasks, the Rapid Raman Plate
Reader establishes itself as a high-speed complementary tool to traditional chro-
matography, enabling more efficient drug discovery and process development.

Introduction

High-throughput screening (HTS) is a central component
of pharmaceutical research, enabling the rapid evaluation
of thousands to millions of compounds during drug dis-
covery and bioprocess development to find the next
breakthrough. However, existing HTS approaches often
involve a trade-off between speed and chemical specific-
ity. Fluorescence and absorbance assays provide rapid
readouts but typically require costly labels and lack the

molecular-level information needed to avoid false posi-
tives. Conversely, chromatography techniques such as
high-performance liquid chromatography (HPLC) and
liquid chromatography—mass spectrometry (LC—MS) offer
high selectivity and precision but are slow, labor-intensive,
and consume vast amounts of reagents, making them dif-
ficult to scale for high-throughput workflows.

Raman spectroscopy provides a molecular fingerprint that
enables label-free, chemically specific analysis with mini-
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mal sample preparation. Despite these advantages, con-
ventional Raman measurements are often limited by low
throughput and complex workflows, restricting their
adoption in screening environments. At HORIBA, we
developed the patented PoliSpectra Rapid Raman Plate
Reader (Figure 1) to address these limitations by trans-
forming Raman spectroscopy into a high-speed, auto-
mated screening platform capable of non-destructive
chemical analysis.

The Rapid Raman Plate Reader is designed to operate
directly with standard 96-well plates commonly used in
HTS workflows, with ongoing development toward com-
patibility with higher density formats such as 384-well
plates to further increase throughput. Customization for
different well-plate formats is also available.

The Rapid Raman Plate Reader incorporates a multi-laser
system offering combinations of 532 nm and 785 nm exci-
tation options. This flexibility allows researchers to tackle
a diverse range of samples. The 532 nm laser provides
strong signal strength for optically clear samples, while
the 785 nm option is crucial for suppressing fluorescence
interference in biological samples.

To ensure reliable operation in high-throughput and high-
volume environments, the Rapid Raman Plate Reader is
designed for “walk-away” automation. Every part, includ-
ing the motorized door and self-calibration routines, is
fully automated to ensure data reliability day-to-day. The
system also supports server access for seamless integra-
tion with robotic arms and liquid handlers. Together, these
features enable Rapid Raman Plate Reader to deliver rapid
and reproducible Raman measurements suitable for rou-
tine screening and multivariate analysis model building.

In this work, we present three customer-inspired case
studies to demonstrate the applicability of the Rapid
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Figure 1 PoliSpectra Rapid Raman Plate Reader.
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Raman Plate Reader system across key biopharmaceutical
workflows: nucleoside triphosphate (NTP) quantification in
mixture, protein limit of detection evaluation, and glucose
quantification in culture media. Collectively, these represen-
tative examples showcase how high-throughput Raman anal-
ysis can benefit a wide range of biopharma research interests
and complement conventional analytical techniques.

Results and Discussion

Nucleoside Triphosphate Quantification

To demonstrate the system’s transformative potential in
reaction monitoring and optimization, we first focused on
monitoring nucleoside triphosphates—ATP, CTP, GTP,
and UTP—which are fundamental building blocks for
nucleic acids and play essential roles in cellular energy
transfer and biochemical signaling. Accurate and timely
monitoring of NTP concentrations in mixtures is therefore
important across a range of biochemical and analytical
applications. However, conventional NTP quantification
typically relies on chromatographic techniques such as
HPLC coupled with UV absorbance, fluorescence detec-
tion, or LC-MS. While these methods provide high selec-
tivity, they are poorly suited for rapid screening due to
limited throughput, extensive sample preparation require-
ments, and high operating and maintenance costs. These
constraints significantly limit the number of conditions,
formulations, or reaction states that can be practically
evaluated.

Raman spectroscopy is well-suited for addressing these
limitations. As demonstrated in Figure 2A, each of the
four NTPs exhibits distinct Raman features, enabling
direct identification and quantification in mixture without
any additional labeling or chromatographic separation. To
evaluate quantification performance and detection limits
with Raman, mixtures of ATP, CTP, GTP, and UTP were
prepared in phosphate-buffered saline (PBS) solution
across a concentration range of 0 to 2.5 mM in triplicate.
Raman spectra were acquired with 532 nm excitation,
with acquisition time of 40 seconds per well.

A Partial Least Squares (PLS) regression model was con-
structed to resolve the overlapping spectral contributions,
with preprocessing using Savitzky-Golay 1st derivative
and mean centering. Four latent variables were selected
for the final model. To validate the model robustness, we
prepared a separate batch of NTP mixtures and acquired
their spectra on a different day.

Strong agreement was observed between predicted and
reference concentrations, with regression slopes greater
than 0.997 for all four NTPs, as shown in Figure 2B. The
model achieved a mean squared error of cross-validation
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Figure 2 Nucleoside triphosphate (NTP) Raman spectra collected with Rapid Raman Plate

Reader using 532 nm excitation.

(A) and PLS calibration model for concentration prediction (B).

(MSECYV) value below 0.03 and enabled accurate predic-
tion of NTP concentrations down to 0.1 mM. These
results demonstrate the capability of the Rapid Raman
Plate Reader to provide rapid, label-free quantification of
NTPs in complex mixtures, supporting high-throughput
screening and reaction analysis workflows in biopharma-
ceutical environments.

Protein Detection Limit Evaluation

Proteins are central targets in biopharmaceutical develop-
ment; however, high-throughput protein detection and
quantification are generally challenging. Common tech-
niques such as UV absorbance, Bradford/BCA assays, and
ELISA suffer from limited specificity, interference from
formulation components, and dependence on calibration
standards. HPLC and LC-MS offer higher accuracy but are
slow, low-throughput, and require extensive sample prepa-
ration. Fluorescence or label-based assays improve sensitiv-
ity but introduce labeling artifacts and high reagent costs.

Raman-based protein analysis, despite its advantages in
sample preparation simplicity, is challenging due to rela-
tively weak Raman scattering and interference from fluo-
rescence. To evaluate the detection capabilities of the
Rapid Raman Plate Reader for protein analysis, two rep-
resentative proteins were selected: bovine serum albumin
(BSA, ~66 kDa) as a large protein and lysozyme (~14
kDa) as a smaller protein. A dilution series of each was
prepared in PBS buffer in 96-well plates for Rapid Raman
Plate Reader measurements.

Raman spectra, illustrated in Figure 3 left panel (A for
BSA and B for lysozyme), were acquired using 785 nm
excitation to minimize fluorescence interference. Two
PLS regression models were constructed for each protein
molecule with mean-centered spectra across a range of
concentrations. As shown in Figure 3 right panel, good
linearity was observed for both types of protein mole-
cules. The Rapid Raman Plate Reader successfully
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Figure 3 Limit of detection evaluation of protein molecules, BSA (A) and lysozyme (B) using Rapid Raman Plate
Reader with 785 nm excitation. Raman spectra (left) and corresponding PLS calibration models (right).

detected protein concentrations down to approximately 3
mg/mL—specifically 2.6 mg/mL for BSA and ~5 mg/mL
for lysozyme.

These results establish a baseline detection limit for
Raman-based protein analysis using our high-throughput
plate reader platform and demonstrate the feasibility of
applying the Rapid Raman Plate Reader to protein formu-
lation, stability studies, and drug-protein interaction
screening without consuming or destroying samples.

Glucose Quantification in Culture Media

Glucose concentration is a key parameter in cell and yeast
culture and fermentation processes, directly impacting
cell viability and productivity. While HPLC is commonly
used for glucose quantification, its limited throughput and
operational cost and complexity restrict its use for rapid
feedback during media optimization and process develop-
ment. We evaluated the Rapid Raman Plate Reader’s ability
to quantify glucose directly in culture media formulations
and spent culture supernatants using 785 nm excitation.

We analyzed five types of yeast spent media containing
different glucose concentrations. As shown in Figure 4A,
background fluorescence level varies significantly across
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media types. To explore the feasibility of predicting glucose
concentration using one single model, we preprocessed the
Raman spectra using 6th-order detrending followed by
mean centering to isolate the glucose signal from the com-
plex background. Predicted glucose concentrations were
compared with HPLC-measured concentrations.

Glucose concentrations were accurately predicted in most
media types, as shown in the right plot of Figure 4A.
However, one medium type (Medium D, cyan) exhibited
a different prediction slope, indicating complex matrix
effects likely due to its significantly stronger fluorescent
background. To address this, a separate PLS model could
be constructed specifically for this medium during pro-
duction or QC workflows. Alternatively, samples exhibit-
ing strong background interference can be flagged for
targeted HPLC analysis. This hybrid strategy enables effi-
cient resource allocation while maintaining analytical
rigor. This case study highlights the utility of the Rapid
Raman Plate Reader as a rapid screening and down-selec-
tion tool prior to chromatographic analysis.

We also performed a separate study to evaluate the limit
of detection of glucose in PBS buffer solution (Figure 4B).
Using a simple PLS regression model with Ist-order
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Figure 4 Glucose quantification using Rapid Raman Plate Reader with 785 nm excitation. (A) Raman spectra of five yeast
spent media types containing different glucose level and corresponding PLS prediction compared with HPLC mea-
surement. (B) Glucose limit of detection was evaluated in PBS buffer solution. Right plot shows the lower concentra-
tion region as marked by the red box in left plot.

detrending, mean centering, and 1 latent variable, the glu-
cose detection limit was determined to be as low as
0.29 g/L.

Conclusions

Across three biopharmaceutical-relevant case studies,
from NTP monitoring to protein detection and glucose
quantification, the PoliSpectra Rapid Raman Plate Reader
demonstrates its ability to deliver chemical specificity and

label-free quantification at speed. By bridging the gap
between research needs and industrial scale, HORIBA’s
team demonstrated that the Rapid Raman Plate Reader is
not just an instrument—it is a practical high-throughput
screening platform for accelerating drug discovery and
bioprocess development.

* Editorial note: This content is based on HORIBA’s
investigations in the year of publication, unless other-
wise stated.

Dr. Fiona Xi Xu

Life Science Applications Scientist
HORIBA Instruments Incorporated
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FLIM — An Extra Dimension to Fluorescence Microscopy

The use of imaging techniques is of fundamental importance in uncovering the

Philip Yip

structure and dynamics of biological substances. Fluorescence microscopy, in

particular, is well suited to visualise cellular structures and interactions. This can

use fluorescent labels or the measurement of endogenous fluorescence.

David McLoskey

Techniques, such as FRET (Forster resonance energy transfer) also enable the

elucidation of interactions on the nanometre scale, below the diffraction limit. The

use of the fluorescence lifetime is advantageous as it is an absolute measure

Graham Hungerford

and the best way to observe FRET and biomolecular interactions. Fluorescence

lifetime imaging (FLIM) products such as the FLIMera and InverTau harness this

power in the area of biological and life sciences.

Keywords

cell biology, macro imaging, metabolism, microplastics, TCSPC

Introduction

Fluorescence microscopy is an illuminating method to
shed light on molecular interactions. It has the potential to
work on the nanoscale up to the imaging of macroscale
objects. It is a very sensitive technique, capable of detect-
ing single molecules and makes use of either the intrinsic
fluorescence properties of the sample or that of an intro-
duced label or tag molecule. Simply put, molecules (fluo-
rophores) take in energy in the form of light, raising their
energy. This can be released a short time later in the form
of light at a longer wavelength. This fluorescence signal is
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multiparameter; depending on the wavelengths of excita-
tion and emission, excitation intensity, polarisation and
the fluorescence lifetime!". The fluorescence lifetime is a
measure of how long a molecule spends in the excited
state (stores the excitation energy) and is typically on the
picoseconds (ps) to nanoseconds (ns) timescale. The fact
that a molecule loses some energy in the excited state
means that its emission is lower in energy compared to
the excitation light (i.e. shifted to longer wavelengths).
Therefore, it is easy to wavelength exclude the excitation,
by use of a filter or monochromator, to just record the flu-
orescence. This enables a high degree of specificity, along
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with sensitivity, in the fluorescence measurement. The
fluorescence signal is highly dependent on the local
microenvironment and molecular interactions, which
makes it well suited to the study of biomolecules. Thus,
fluorescence microscopes are extensively used in the bio-
logical field™®; in the study of cell biology, medical
diagnostics, drug discovery, cancer research and neurosci-
ence, for example.

Fluorescence microscopy is optical microscopy based on
the imaging of light, which means that it is diffraction lim-
ited in resolution (~250nm). This is illustrated in Figure 1,
which also illustrates two major forms of microscopy set
ups: widefield and confocal (Figure 1b and 1c). Widefield
illumination covers the whole of the sample and this can be
imaged using a camera. This technique is rapid, but
because light can penetrate and be imaged from different
depths in the sample the resulting images can suffer from
out of focus blurring. The confocal set up typically scans a
laser over the sample, building up an image line by line.
The addition of a spatial filter (pinhole) suppresses out of
focus light, enabling optical sectioning. The image clarity

(a)

in relation to the widefield approach comes at the expense
of measurement speed. The detector is typically a single
pixel and building up the image line by line means that it is
a longer measurement compared to the widefield approach.

Typically in fluorescence microscopy it is the intensity that
is measured, but by making use of a high repetition rate
laser, single-photon detector and suitable timing electronics,
etc, it is possible to measure the fluorescence lifetime and
give the microscope fluorescence lifetime imaging (FLIM)™
capability. This allows more of the fluorescence parameters
to be obtained in a single measurement. Figure 1d shows
this schematically. Use of the fluorescence lifetime parame-
ter is advantageous since it is considered an absolute mea-
sure, generally independent of concentration, and a more
sensitive method to monitor some molecular interactions (e.g.
protein binding). It is therefore less affected by photobleach-
ing, that can occur in samples under the microscope.

As mentioned earlier, fluorescence is an optical technique

and therefore limited to resolving objects around hun-
dreds of nm in size. However, by using Forster resonance
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Figure 1 Schematic representations of (a) the distance scale for light
microscopy techniques, (b) a widefield set up and (c) a confocal
laser scanning set up. A representation of the pixel information
between intensity and FLIM measurement is also shown (d).
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energy transfer (FRET)™, and interpretation of the fluo-
rescence signal, interactions on the nanometre (~1-10nm)
scale can be inferred. The use of the fluorescence lifetime
parameter is particularly elucidating and greatly simpli-
fies the measurement of FRET. Other fluorescence based
methodologies do exist to image under the diffraction
limit (termed super-resolution techniques) but will not be
discussed here.

FLIM is therefore a powerful extension to fluorescence
microscopy, enhancing the ability to provide image con-
trast and elucidate molecular and environmental interac-
tions. HORIBA has recently introduced two products to
address this market need. They are based on the time-cor-
related single-photon counting (TCSPC) technique, which
is often considered the “gold standard” to measure the flu-
orescence lifetime!. Unlike time-gated and frequency
domain techniques, TCSPC is digital and unaffected by
fluctuations in excitation intensity. It is the best method to
determine multiexponential decay kinetics. Large gate
widths (several ns), rather than gate step size, is the limit-
ing factor for time gating methods leading to less accurate
determination of complex decay kinetics, whilst phase
techniques are also typically not as sensitive.

The FLIMera widefield TCSPC camera is based on a
SPAD (single-photon avalanche photodiode) array with
in-pixel timing, whilst the InverTau — Fluorescence
Lifetime Imaging platform is laser scanning making use
of galvanometers. These two independent technologies
are shown attached to an inverted microscope in Figure 2.
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Figure 2 Top, an inverted microscope equipped with an InverTau (left)
and a FLIMera (right). Bottom, left, a schematic of the optical
path through the InverTau and, right, a FLIMera and its SPAD
based sensor with in-pixel timing.
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The InverTau is fully computer controlled and intended to
simplify FLIM data acquisition, enabling high resolution
images. It is designed to fit on the side port of an inverted
microscope. The FLIMera, based on complementary metal-
oxide semiconductor (CMOS) technology, can simultane-
ously measure over 24,000 fluorescence decays. Each of its
pixels contains a SPAD detector and associated timing elec-
tronics, which can be read out over 12,000 times per second.
This means that it is well suited to monitor moving samples
and kinetic events, for example. In addition to microscope
based imaging, it has application for macroscale imaging.
Here the two complementary FLIM products will be
described and examples of their use given.

Widefield and macro imaging using a SPAD
array with in-pixel timing

In the case of widefield imaging, where the whole of the
sample is illuminated, the measurement of the image
data can be done relatively quickly (see Figure 1).
Replacing an intensity camera with a FLIMera, and the
light source with a pulsed laser, enables a simple trans-
formation to a FLIM measurement system. Since it is a
widefield approach no scanning is required. In fact, as
well as usage on a widefield microscope the FLIMera can
give lifetime functionality to light sheet microscopes’™
used in volume imaging and also enables the possibility
of macroFLIM measurements. These are measurements
not requiring the use of a microscope but used similarly
to a normal camera. Out with fluorescence applications
the FLIMera shows potential for time-domain near infra-
red imaging', an emerging area for imaging inside bio-
logical material.

The principal feature of the FLIMera is its 192 x 126 pixel
array based on CMOS technology, where each pixel con-
tains a detection element (SPAD) and its associated
TCSPC timing electronics. Thus, it has the ability to
record up to 24,192 fluorescence decays simultaneously.
The FLIMera can measure fluorescence over wavelengths
from ~400nm to 900nm and is optimised for measuring
the lifetimes of common biological probes and endoge-
nous fluorescence (range 200ps to 20ns). The in-pixel
timing means that an average fluorescence lifetime can be
visualised in real time (up to ~30fps), whilst post pro-
cessed data can be temporally resolved down to the read-
out rate of the sensor (~80us). This response speed means
that moving samples or dynamic events can be imaged
using the fluorescence lifetime. Thus, SPAD arrays based
of CMOS technology exhibit a great deal of promise in
bioimaging!”.

Recent concerns relating to the presence of microplastics
in the general environment and their potential to cause
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harm inside the body have led to methods to detect their
presence. One approach to help visualise these particles,
which range in size from lpm to Smm, is to stain them
with Nile red".

This dye is highly sensitive to different environments. Thus
different microplastic materials can affect its fluorescence
emission, allowing their differentiation. As well as giving
the usual histogram representation of the fluorescence life-
time data, HORIBA EzTime Image software that controls
the FLIMera (and InverTau) and analyses FLIM data, can
use a phasor representation’®. This is a model free method
to visualise and distinguish different lifetimes based on the
use of Fourier analysis, with the decay data from each pixel
plotted as a point on the phasor chart. Single exponential
decays appear on the semicircle, increasing in lifetime from
right to left, while more complex decays appear within the
semicircle. This provides a quick visual method to distinguish

between different fluorescence lifetimes. Its application is
shown in Figure 3, where the phasor approach is used to
select between different Nile red stained microplastics based
on the fluorescence lifetime. Selecting different parts of the
phasor chart (red box) selects the particles with similar fluo-
rescence lifetimes.

The FLIMera, in addition to microscope based measure-
ments, shows promise for macroscale FLIM and has been
used for cancer margin identification in a model system"®. An
example of FLIM on different spatial scales is given in Figure 4.
This shows a macroFLIM measurement of a whole varie-
gated rubber tree leaf, using a custom lens and filter set up
for the FLIMera and diffuse laser excitation. The green
chlorophyll containing areas are clearly discerned in the
lifetime image, but harder to make out in the intensity
image. Further processing of the lifetime data could then
give insight into the photosynthetic mechanism. These

Figure 3 FLIM data from a mix of different Nile red stained polymers. The top data shows the whole image.
Selecting different regions of the phasor plot (red box - left hand side) selects related Nile red lifetimes,
differentiating the polymers in the image on the right hand side. These data were measured using a

FLIMera and the scale bar is 60 pm.
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macroscale measurements are complemented in that figure
by an InverTau measurement showing the detail from the
underside of a leaf (Figure 4b). In this case a two-photon
excitation source was used which also enabled the second
harmonic generated (SHG) signal to be monitored. Some
biological substances exhibit this non linear effect and it can
be used to determine structural information"". Figure 4c
clearly shows the leaf stomata, which can be combined with
the fluorescing structures in Figure 4b to provide a fuller
picture. This methodology can also be applied to other
biological tissue.

Although the FLIMera can provide simple non scanning
FLIM, by replacing intensity based cameras on a micro-
scope to enable real time determination of the average
fluorescence lifetime, the widefield configuration does
have some limitations. Common when using a widefield
camera is out of focus blur. Also, the number of pixels in
the FLIMera can mean that a trade off might be required
between field of view (FoV) and resolution, although
researchers have published work to enhance the resolu-
tion™. Where higher resolution FLIM is required the
InverTau can be considered. It is capable of collecting
images up to a 4K x 4K spatial resolution. The use of a
pinhole enables optical sectioning by mitigating out of
focus blur. However, galvanometer scanning of the laser
beam over the sample is a slower approach compared to

(a)f

8.5cm

\
b

that of widefield. Thus, the FLIMera and InverTau may be
considered complementary in imaging capability.

Laser scanning FLIM applied to cellular
structure and processes

The InverTau has been optimised to make FLIM measure-
ments as simple as possible by using EzTime Image soft-
ware (also used with the FLIMera) and computer controlled
optics. It is designed to attach a side port (C-mount) of an
inverted microscope, as shown in Figure 1. To allow for
future flexibility of use, the InverTau has two excitation
ports and two emission ports. Typically a pulsed laser (eg
DeltaDiode) is fibre coupled to one excitation port. The
other port is optimised for use with two-photon excitation
sources, as used for the data in Figure 4b and 4c.
Typically, only one HPPD detector is employed, although
it can be configured to collect from two detectors
simultaneously.

A major use of FLIM is in the biological and life sciences,
where many applications involve the study of cellular struc-
ture and the interaction between cellular components.
Examples are in cellular biochemistry and cancer research.
Fluorescent tags can be introduced to label specific compo-
nents or endogenous fluorescence used. For example,
NADH emission which is indicative of cell metabolism.

=

Figure 4 (a) Images of a whole leaf from Ficus elastica tineke taken with a phone camera (left) and a
FLIMera (centre and right). (b) a two-photon excited fluorescence image showing the
average lifetime from an abaxial leaf surface and the corresponding SHG image (c) made

using an InverTau. The scale bar is 30pm.
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An important aspect in the cell life cycle is that of divi-
sion. The study of which is important in numerous fields
of investigation. For example, drug / cancer research may
focus on killing cells, thus monitoring their viability is
paramount. Other drugs may need testing to ascertain that
they do not harm a cell or cause mutations. Both cases
involve monitoring the division process. Figure 5 gives
some example measurements using the InverTau showing
proteins or structures involved in mitosis. In each case
(apart from Figure 5b) merged images are shown. These
are the combined (using a software such as Fiji) images
from separate measurements using different excitation and
emission wavelengths. This is so tags or labels associated
with different cell structures can be discerned. Figure 5a
shows the position of a specific protein (red) within the cell
nucleus (blue). Figure 5b shows the separation of the chro-
mosomes, whilst the other images show both chromosomes
(blue) and microtubules (green) at different points in cell
division. Monitoring the fluorescence lifetime of the DAPI
(DNA label) can show the DNA compaction”®, which varies
during mitosis.

As well as using labels, endogenous fluorescence can be
monitored. The coenzyme NADH involved in cell metab-
olism is a good example. It exists in a free and a bound
form, each form has different lifetime. The ratio between
the free and bound forms is indicative of the metabolic

pathway. Typically in healthy animal cells oxidative phos-
phorylation occurring in the mitochondria is the pathway.
In cancer cells (Warburg effect) the predominant pathway
is glycolysis, which occurs in the cell cytoplasm. Figure 6
shows a study combining labels and endogenous fluores-
cence in the study of yeast cells. Yeast is often used in
research as a model system and when grown under high
glucose conditions these cells should use glycolysis as their
metabolic pathway. First cell viability was checked via the
presence of “red” fluorescence from the FUN-1 probe. A
membrane label (CW — calcofluor white) was also used to
help visualise the cell. FLIM data from living cells exciting
and monitoring NADH fluorescence, which are at different
wavelengths to the wviability probe,
Analysing the lifetimes and their relative proportions and

were collected.

comparing to NADH in solution confirms glycolysis as the
principal pathway in this case. This involved fitting the
data using the EzZTime Image software to a three exponen-
tial decay model. In yeast a longer-lived decay, indicative of
bound NADH, is present at a lower amount than the free
form. This information is then used to confirm the glycoly-
sis pathway.

The information that can be gained from FLIM is very
dependent on the fluorophores (endogenous or labels). The
fluorescence lifetimes are advantageous since they are an
absolute measure, independent of concentration. They are

~
&

Figure 5 InverTau data showing the (a) localisation of a labelled protein (red) within the nucleus (blue) in multi-labelled
HelLa cells. The microtubules are also seen (green). The scale bar is 10pm. (b) to (e) show BPAE cells
undergoing mitosis with (c to e) genetic material shown blue and microtubules in green.
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particularly advantageous when looking at FRET interac-
tions, for example to investigate interactions between
genetically encoded proteins, or using tension probes (eg
Flipper T) for monitoring cell membrane rigidity for
cancer research.

Conclusion

FLIM is a powerful tool for use in the biological and life
science fields. The fluorescence lifetime parameter pro-
vides an additional means to add contrast to images and is
fundamental in uncovering molecular processes at the

cellular level. Both the InverTau and FLIMera use

(a)

+CW
=

Yeast cell

CCD camera
merge

TCSPC, the “gold standard” in fluorescence lifetime
determination, to add this measurement modality to fluo-
rescence microscopes. Simple to use software (EzTime
Image) moves FLIM from specialist centres to common

research laboratories.

* Editorial note: This content is based on HORIBA'’s investi-
gations in the year of publication, unless otherwise stated.

viable

Yeast cell

e (9
@

dead

Intensity weighted average lifetime

A 392nm
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Figure 6 InverTau data showing (a) a schematic for the use of a yeast viability stain (FUN-1)
and a membrane label (CW), along with InverTau data showing labelled yeast cells.
The scale bar is 4um. (b) shows the viability stain used to select live cells for imaging
and the resultant FLIM data monitoring NADH emission (scale bar 8um). The lifetime
parameters for NADH in PBS buffer and yeast autofluorescence are also given.
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About FLIMera and InverTau

Both the FLIMera and InverTau can be sold individually
or incorporated with an inverted microscope (Nikon Ti2-
U), with the possibility of both being coupled on the same
microscope. The InverTau comes with FiPho timing elec-
tronics and our DeltaDiode range of lasers provide the
ideal excitation sources for both products.

Information can be obtained from the HORIBA website
https://www.horiba.com/int/scientific/products/
fluorescence-spectrometers/fluorescence-microscopy/
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Column

The Essence of Open Innovation:
From the Perspective of Value Creation

Yoshihiro Mori

Figure 1 JR West’s Special Rapid Service train.
© Takeshi Aida/ CC BY-SA 2.0.

Figure 2 Segway personal transporter.
Image from PxHere / CCO
public domain.
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1. Introduction

After gaining approximately 30 years of hands-on experience in technology
development at private companies, I transitioned to academia in 2022 where 1
am now engaged in research and education in business administration, partic-
ularly in the field of innovation management. In this article, I will explore the
concept of Open Innovation (OI), which has been attracting significant atten-
tion in recent years, from the perspective of both my professional and aca-
demic backgrounds.

The term “Open Innovation” itself is now widely recognized. However, in the
actual business field concerns persist such as “it’s difficult to achieve results”
and “how should we actually proceed?”. I faced the same challenges during
my time as a corporate manager of the R&D division, but after moving to aca-
demia, I discovered that a wealth of systematic knowledge has been accumu-
lated regarding the determinants of success or failure of OI. In this article,
drawing on this knowledge, I will outline the essential elements for guiding
OI toward success.

2. What Is Innovation?

Before discussing Ol, it is important to note that innovation is not the same as
“technological innovation.” As an engineer myself, I have long valued tech-
nology. However, in the context of management studies, innovation refers not
simply to new technologies or inventions themselves, but to outcomes that
bring value to society by combining existing elements.

When explaining this, I often cite the example of JR West’s Special Rapid
Service “Shinkaisoku” (Figure 1). The Shinkaisoku combines existing train cars
with existing tracks originally intended for freight and limited-express trains, yet
it created significant value by connecting Kyoto and Osaka in under 30 minutes.

It is a classic example of “not a technological innovation, but an innovation.”

On the other hand, in the same field of mobility, the Segway (Figure 2)
achieved a technological innovation—a two-wheeled self-balancing mecha-
nism using a six-axis accelerometer—but this technology was not accepted by
society as having sufficient value and did not achieve widespread adoption.
This contrast illustrates that innovation and technological innovation do not
necessarily coincide.
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So, what exactly is the “value” referred to here? In business administration
“value” in principle is assumed to be economic in nature — that is, measurable
in monetary terms (profit). No matter how much customers may praise a prod-
uct, it cannot be considered to have economic value unless they pay an addi-
tional price for it. Some may find this way of thinking unsettling, but it is not
a matter of right or wrong. We must understand that modern capitalism oper-
ates according to these rules. Therefore, innovation is the creation of economic
value and its starting point does not necessarily have to be technology.

Ol is an approach that intentionally connects internal and external resources
to generate innovations that would be difficult to achieve within a single com-
pany alone. Henry Chesbrough proposed this concept in 2003 and laid the
groundwork for its systematization". According to Chesbrough’s analysis and
observations, the spread of Ol is attributed to a combination of social factors
such as the decline in the cost of accessing information due to the proliferation
of the internet, the increasing sophistication, complexity, and modularization
of products, intensifying competition invovling emerging economies and
rising labor mobility (Figure 3).

The fundamental concept of Ol is to first define the value to be realized,
achieve it quickly through OI, and secure first-mover advantage. The resulting
profits are then shared with partners. OI is not about “jointly exploring the
unknown,” but rather the idea of “defining the value to be created and collabo-
rating with external parties to realize it early.” The majority of successful
cases are based on this concept.

However, actually implementing OI presents numerous challenges. The most
common obstacles are organizational culture and internal psychological resis-
tance. It is often said that companies that have succeeded through their own
efforts tend to have a culture that unconsciously shuns external technologies (the

“NIH syndrome™: Not Invented Here). Furthermore, we cannot overlook the

Technological
innovation ——————
* Lower information
acquisition costs Closed
« Greater product Innovation
Closed sophistication and
. modularity
Innovation
* Intensified global
competition
*Increased talent
mobility Open
Innovation
Open
“Innovation” Innovation
“Technological innovation” and Shift in innovation models
“Innovation”

Figure 3 Technological advancement, innovation, and open innovation.
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fact that employees are prone to harboring anxieties such as, “Will OI take
away my job? ” or “Will relying on external parties undermine our company’s
R&D capabilities?” Simply paying lip service to these issues is insufficient; it
is considered essential to change the corporate culture itself under top-level
leadership and intentionally establish mechanisms — ranging from product
development processes to performance evaluation criteria — that align with

this new culture®.

P&G is frequently cited as a successful example of OI. Driven by a sense of
crisis that in-house development alone would not enable the necessary growth,
the company made a major shift toward introducing a systematic framework for
incorporating external knowledge. A famous example is the development of
potato chips printed with characters. When this product idea emerged, rather
than starting to develop the printing technology in-house as it had done previ-
ously, P&G searched its global network for existing similar technologies. As a
result, they discovered that edible inkjet technology was already in practical use
at a small bakery in Italy. By adopting this technology, they were able to bring
the product to market in about half the time it would have taken to develop it in-
house. P&G’ s approach was based on the idea that “While we have 7,500 engi-
neers in-house, there are likely 200 engineers with similar expertise in each of
their specialized fields worldwide. In other words, 1.5 million engineers could be
potential partners. Let’s create a system that allows them to contribute.”

That said, this transition did not proceed smoothly from the outset. As men-
tioned earlier, organizational culture and psychological resistance were no
exception at P&G and gaining internal buy-in was a major challenge. The key
to success lay in designing the transformation including systems, evaluation
criteria, and organizational structures from the top down, while acknowledging
the existence of resistance. Specifically, the company introduced a performance
evaluation system that treats innovations originating internally and externally
equally, and deployed dozens of dedicated personnel whose mission was to
connect with external partners. Furthermore, top management clearly set the
goal of “50% of innovation coming from outside the company” and is said to
have taken decisive action against managers who resisted this initiative.

In Japan, the example of Osaka Gas is well-known™!

. The company established
a dedicated Ol department and standardized the process from identifying
internal needs to external exploration and collaboration. To seek out partners,
they actively disclosed information about their needs to the outside world.
Although there was reportedly some internal resistance to publicly sharing the
company’s challenges, senior management made the decision and drove the
initiative forward. As a result, Osaka Gas established itself as a hub where
information converges from various sources and achieved significant value

creation (social implementation) that would have been impossible on their own.

OI is merely a means to an end, the starting point is clarifying the objectives:

“What do we want to achieve?” and “Why are we implementing this?” Based



on that, it is considered necessary to combine the four elements — “culture”,
“procedures”, “skills”, and “motivation” — in a way that suits the company’s
specific context”. Viewing the success stories of P&G and Osaka Gas from
this perspective, it can be seen that in both cases, they first clarified their own
challenges and the value they sought to realize. To address these through OI,
they transformed their corporate culture and established systems under the

leadership of top management.

A global OI boom began in the early 2000s and academic research advanced
rapidly. Chesbrough, the proponent of OI, published a paper in 2024 summa-
rizing OI research over the past 20 years®. In it he points out the following
limitations and challenges of OI:

- Dependence on specific individuals: At P&G, performance stagnated after
the management team and their subordinates who had strongly promoted
and successfully implemented OI left the company. This suggests that the
success of Ol may depend on the specific individuals in charge.

- The commoditization of OI: Following P&G’s success, many major con-
sumer goods manufacturers shifted their focus to utilizing OI and as a
result, OI ceased to be a source of competitive advantage in this industry.
The strategy itself became commoditized.

- The Openness Paradox: A reverse U-shaped relationship has been observed
between the degree of openness to the outside world and the outcomes of
OI. Implementing OI requires costs associated with knowledge manage-
ment and organizational operations. If openness is increased excessively,
these costs can offset the benefits. It has been noted that this issue is partic-
ularly acute in small and medium-sized enterprises (SMEs).

These findings are highly instructive for practitioners involved in OI. By learn-
ing from the knowledge generalized by those who came before us, we should be

able to reduce the likelihood of failure when embarking on new Ol initiatives.

Globally, there is a wealth of OI practice and academic research on success
and failure factors is advancing. However, in the ficld at Japanese companies,
it is not uncommon for OI initiatives to fail to deliver the expected results. So
where do they stumble? NEDO’s “White Paper on Open Innovation, 3rd
Edition”™® identifies the following as typical problems:

- Believing that simply engaging in OI will lead to innovation
- A lack of a clear objective regarding “what we want to achieve”

In other words, when initiatives are launched with an ambiguous understand-
ing of “what value we want to create,” external collaboration becomes an end
in itself and fails to lead to business results. OI is a means, not an end. It is

essential to keep this in mind at all times.
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Furthermore, in practice, even while claiming to be “open”, there is a tendency
to be swayed by the mindset of “only our company should benefit.”” As men-
tioned above, the foundation of OI lies in “rapidly creating value through col-
laboration with partners to stay ahead of competitors and sharing the results
in a mutually agreeable manner.” Whether or not one can adopt this mindset is
a critical factor that determines success or failure.

6. Conclusion

In this article, I redefined innovation not as “technological innovation” but as
“value creation,” and clarified the essence of OI. What this finding indicates is
that rather than focusing on external collaboration itself, it is crucial to first
clarify “what kind of value we want to realize” and then establish the culture
and systems necessary to achieve it under top-level leadership.

Most companies in their startup phase rarely have the resources to handle
everything on their own so they must have collaborated with external
partners in some form to create value and seize opportunities for growth.
This is nothing less than the practice of Ol. However, as companies grow,
they often lean toward self-reliance and before they know it, they are
caught up with and even overtaken by later entrants who are actively prac-
ticing OI. Perhaps what is needed now is an effort to relearn the accumu-
lated knowledge of OI research while recapturing the OI spirit of the
company’s early days when value creation moved at a rapid pace.
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