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Development of fabric for protection of skin photo-aging
by solar near-infrared radiation
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ABSTRACT

This paper describes the development of fabric that protects against skin aging caused by solar near-infrared radiation.
The base yarn is polyester. Cesium tungsten oxide and titanium oxide nanoparticles are kneaded into it. This yarn can
absorb solar near-infrared radiation. The developed fabric gives protection ability against solar near-infrared radiation as

well as ultraviolet radiation.
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ABSTRACT

The skin is continuously challenged by different adverse influences, including solar radiation, chemicals and oxidative
stress. The most common cause of physical injury to the skin is solar ultraviolet (UV) radiation, with long-term detrimental
effects like cutaneous photoaging. Photoaged skin is clinically characterized by wrinkles, laxity, coarseness, loss of skin
tone, and biochemically characterized by a predominance of abnormal elastic fibers in the dermis and a dramatic decrease
in certain collagen types. Various types of UV-induced matrix degenerating metalloproteinases (MMPs), which are present
in keratinocytes and dermal fibroblasts, have been reported to contribute to the breakdown of dermal interstitial collagen.
Chronic skin exposure to UV radiation stimulates the production of proinflammatory cytokines, which are known to play
a key role in the process of photoaging. Macrophage migration inhibitory factor (MIF) is a cytokine that plays a critical
role in several inflammatory conditions. UV-induced MIF strongly mediates the enhancement of collagen degradation and

basement membrane damage, which occurs primarily through the activation of MMPs in the skin.

Key words: skin, cytokine, macrophage migration inhibitory factor, photoaging, ultraviolet radiation.

Introduction

Skin, the outer most layer of the body is constantly
exposed to hazards like solar radiation, chemical
challenges, and oxidative stress. Among these, solar
ultraviolet radiation (UV) is the most important and
common cause of skin injury. UV is sub-divided into
three types based on the wavelengths: long-wave UVA
(320 - 400 nm), mid-wave UVB (280 - 320 nm), and
short-wave UVC (200- 280 nm). Most UVC is absorbed
by the ozone layer, while UVA and UVB radiations reach
the earth’s surface and cause different skin disorders [,
Recent depletion in the stratospheric ozone resulted in
an increased risk of skin damage due to enhanced UVA
irradiation and penetration of UVB ©.. Since the skin is
in direct contact with the environment, exposure to UV
irradiation causes various adverse effects, including
edema, sunburn cells, hyperplasia, immunosuppression,
photoaging and the development of skin cancers %41,

Generally, the aging process of the skin is divided into
intrinsic and extrinsic aging (photoaging). Extrinsic aging,
which occurs mainly due to repeated UV exposure from the
sun, is considered to be a different entity from the damage
that occurs over the passage of time (chronologic aging), as
it occurs in other organs of the body. Chronologically aged

skin is characterized as smooth, pale, and finely wrinkled.
In contrast, photoaged skin is characterized by coarse
wrinkles, laxity, dyspigmentation, a leathery appearance,
roughness and telangiectasia. Photoaging affects various
skin layers but the major histological differences and
damage occur within the dermis ® &7, In addition, UVB
irradiation of the skin, in particular, can cause DNAdamage
directly or indirectly. UVB directly damages the DNA and
leads to the formation of cyclobutane pyrimidine dimers
(CPDs) and pyrimidine 6-4 pyrimidone photoproducts
(6-4 PPs), as the main photo-lesions in genomic DNA 1,
Whereas UVB-induced reactive oxygen species (ROS)
production causes indirect damage to DNA and facilitates
DNA oxidation © 19, Most of damaging UVB radiation is
absorbed in the epidermis, and leads to massive apoptosis
of keratinocytes, suppression of the immune system,
and compromise of the natural barrier functions of the
skin M4, Furthermore, UV radiation may also trigger a
cutaneous inflammatory response and stimulates the
release of cytokines, which are known to play a crucial
role in photoaging. Among these, one important cytokine
is macrophage migration inhibitory factor (MIF).



UV-induced inflammatory cytokines in the skin

UVB radiation, which is biologically very active,
mostly penetrates the epidermis and to a lesser extent
the upper part of dermis. Therefore, epidermal cells are
considered a main target for UVB radiation. UV radiation
stimulates and activates almost all nucleated cells like
keratinocytes, melanocytes, Langerhans cells in the
epidermis, and cells in the dermis, such as fibroblasts,
endothelial cells, mast cells, and others to induce the
production of various cytokines 2. It is known that UV
radiation triggers a cutaneous inflammatory response by
stimulating epidermal keratinocytes with the concurrent
release of potent cytokines such as interleukin (IL)-1
141 |L-6 %1 and tumor necrosis factor (TNF)-a 1, When
activated, TNF-a, which is an important component of
the inflammatory cascade in the skin, can affect various
cell types 1. It increases the MHC class | expression
on endothelial cells and dermal fibroblasts; induces
the production of IL-1o [ increases the expression of
adhesion molecules, including ICAM-1, VCAM-1 and
E-selectin; and promotes the formation of sunburn cells .

It is known that evidence of the dermal alterations of
photoaging induced by UV radiation can mainly be seen
in the dermis, with the massive accumulation of elastotic
material in the upper and mid dermis, which is known
as solar elastosis. UV-induced dermal alterations, which
includes elastosis changes in collagens that are thought
to be dependent on the growth and differentiation of
dermal fibroblasts, and which are regulated by different
factors including cytokines released from epidermal
and infiltrating cells as well as from fibroblasts in an
autocrine and paracrine manner. There is emerging
evidence to support that growth regulated cytokines from
fibroblasts like TGF-a, TGF-B, PDGF, FGF, IL-1, IL-6,
and TNF-a play roles in the control of connective tissue
formation and the remodeling phases of dermal fibrotic
repair 2 21 Therefore, these cytokines are of great
importance in the course of photoaging and are not only
involved in the mediation of local inflammatory reactions
within the skin, but can also exert systemic effects through
their entrance into the circulation.

UV-induced reactive oxygen species in the skin

There is growing evidence to support that UV radiation
significantly increases the generation of ROS in the skin,
including singlet oxygen, superoxide radicals, hydroxyl
radicals, and hydrogen peroxide 24, and this intracellular
increase in ROS is responsible for the initiation of several
inflammatory responses in the skin. The skin is equipped
with a complex defense system of enzymatic and non-
enzymatic components to counter the adverse biological
effects of ROS. As the first line of defense, ROS are
reduced by antioxidant enzymes like superoxide dismutase
(SOD), catalase, and glutathione peroxidase, as well as
endogenous and exogenous small molecules, including
glutathione, vitamin C and E. When biomolecules are
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oxidized, they are repaired or replaced by biological
protective systems. ROS are also generated as a part of
the normal regulatory circuits; however, under normal
conditions the cellular redox state is tightly regulated by
the antioxidant defense system of the skin. In contrast, in
situations like UV exposure, increased ROS generation can
overwhelm the antioxidant defense mechanism, resulting
in oxidative stress and oxidative damage to lipids, proteins
and DNA, eventually leading to age-related diseases and
photoaging of the skin 2223241,

UV-induced ROS generation can promote photoaging
and carcinogenesis via regulation of different molecular
and signaling pathways, which has been reported in
previous studies > 2, In particular, UV-induced ROS
generation has also been known to stimulate the synthesis
of matrix degenerating MMPs 1. MMPs play an
important role in the aging process of the skin by targeting
connective tissue molecules and basement membrane
proteins. Interestingly, ROS are also able to inactivate
a special class of tissue inhibitors of metalloproteases
(TIMPS) via a direct oxidative attack, and thus contribute
to the progression of photoaging and tumors [,
Accordingly, intense research has been focused on the
use of antioxidants for the prevention of ROS-mediated
photoaging and photocarcinogenesis 2%,

Function of MIF

In the year 1966, approximately half a century ago,
MIF was originally identified as a lymphokine that
concentrates macrophages at inflammatory loci. It is a
known potent activator of macrophages in vivo and is
considered to play key role in cell-mediated immunity
8132 |n 1989, with molecular cloning of MIF cDNA
31, the concept of MIF has been re-evaluated as a pro-
inflammatory cytokine and pituitary-derived hormone that
potentiates endotoxemia 4. With progressive research
MIF was found to be multifunctional, subsequent work
has shown that T cells and macrophages secrete MIF in
response to glucocorticoids as well as upon activation by
various pro-inflammatory stimuli . MIF plays its role as
apleiotropic cytokine by participating in inflammation and
immune responses B¢, The expression of MIF is increased
in many solid tumors %1 and in several cases the degree
of MIF overexpression is strongly correlated with tumor
progression and metastatic potential. MIF plays a key
role in cell proliferation and invasion ° 41, Furthermore,
MIF has broader effects on glucocorticoid-induced
immunomodulator ®Y,  D-dopachrome tautomerase
activity 2, innate immunity relevant to Toll-like receptor
413 "and it is a crucial effector of hypoxia-inducible factor
lo that delays senescence 4. It has been reported that
MIF is primarily expressed in T-cells and macrophages;
however, more recent studies showed that this protein is
ubiquitously expressed by a variety of cells, indicating
more far-reaching non-immunological involvement in a
variety of pathologic states "I, In addition, a potentially
broader role for MIF is reported in growth regulation



because of its ability to antagonize p53-mediated gene
activation and apoptosis 6,

In the skin, MIF is expressed in the epidermis,
particularly in the basal layer “1. MIF has important
implications in the skin with regard to inflammation, the
immune response, and cutaneous wound healing, and also
plays a crucial role in skin diseases like atopic dermatitis
and systemic lupus erythematosus ! (Figure 1).

Role of MIF in UV-induced photoaging in the skin

Acute UV exposure has various deleterious cutaneous
effects in the skin, including edema, sunburn cells,
hyperplasia, production of inflammatory mediators, and
immunosuppression. The long-term detrimental effects
of repeated UV exposure lead to cutaneous photoaging
or skin cancer. Skin cancer, which is one of the most
prevalent forms of cancer in humans, most commonly
occurs in photoaged skin. Photoaged skin is clinically
characterized by wrinkles, laxity, coarseness, loss of skin
tone, and biochemically characterized by a predominance
of abnormal elastic fibers in the dermis and a dramatic
decrease in certain collagen types. Interstitial collagens,
the major structural components of the dermis, are
particularly reduced in UV-irradiated actinically damaged
skin ¥, The MMP family is still growing and plays a
crucial role in tissue destruction during pathological
conditions, such as arthritis, skin aging, tumor invasion,
and metastasis . Growing evidence clearly indicates the
occurrence of morphological and biochemical changes,
wherein the amount and normal structure of collagen
type | is reduced in UV actinically damaged skin &4,
Some MMPs, such as MMP-1 play, a main role in the
photoaging process, while others, like MMP-2 and MMP-
9, potently promote the degradation of collagen type IV
and VII, a major component of the basement membrane.
The reduction of collagen type IV and VII at the dermal-
epidermal junction has been associated with skin

wrinkling B2,

It is known that UV-induced matrix-degenerating
metalloproteinases present in keratinocytes and dermal
fibroblasts contribute to the breakdown of dermal interstitial
collagen and other connective tissue components. This
skin damage mechanism, involves a number of secreted
cytokines, including interleukin (IL)-1, IL-6 and TNF-a
(13, 14,15, 161 - Along with these cytokines, previous studies
conducted in our lab demonstrated that UV also enhanced
the production of MIF in the skin. UVA and UVB were
found to increase the expression of MIF in human dermal
fibroblasts and epidermal keratinocytes, respectively 53 %4,
Recently, MIF was also found to be involved in basement
membrane damage in chronically UVB-exposed skin in
mice. MIF mRNA and protein levels were significantly
increased in UVB-irradiated skin in MIF Tg mice. This
increase in MIF production was also concurrent with the
UVB-induced upregulation of MMP-2 and MMP-9, and
with the diminished level of type IV and VII collagen. In
addition, when the effects of MIF were inhibited using a
specific MIF inhibitor, ISO-1, the UVB-induced mRNA
levels and the production of MMP-9 in keratinocytes and
MMP-2 in fibroblasts were also suppressed *]. Therefore,
it is quite evident that MIF plays its role in collagen
degradation and basement membrane damage, which
occurs primarily through the activation of the MMP-9 and
MMP-2.

MIF upregulates the activity of MMP-1 and is also
involved in the activation of UVA-induced MMP-1 in
dermal fibroblasts. This MIF mediated MMP-1 activation
in dermal fibroblasts is dependent on the MIF-induced
stimulation of PKC-, PKA-, src-family tyrosine kinase,
MAPK-, c-jun- and AP-154, Moreover, it was previously
shown that IL-1f is also involved in the upregulation of
UVA-induced MMP-1 in dermal fibroblasts through p38-,
IJNK- and PKC-dependent pathways €. Considering
this fact, it is clear that the signal-transduction pathways
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involved in IL-1B- or MIF- induced MMP-1 in dermal
fibroblasts are different. Interestingly, IL-13 stimulation
itself caused a significant increase in specific MIF mRNA
and protein levels in human dermal fibroblasts, while
MIF is unable to stimulate the expression and production
of IL-1B in dermal fibroblasts. Further, neutralizing
the effects of MIF with anti-MIF antibodies suppresses
the expression of MMP-1 induced by IL-1p. Therefore,
UVA radiation possibly leads to the IL-1pB-induced
expression of expression MMP-1 and IL-1B-mediated
MIF stimulation also enhances the MMP-1 expression
in dermal fibroblasts. Consistently, dermal fibroblasts
from MIF-deficient mice showed much less sensitivity
to IL-1pB-induced MMP-13 production. Although MMP-
13 is not very prominent role in human tissues and plays
a restricted role, it is the predominant tissue collagenase
in rodents 81, Therefore, there is a great possibility that
IL-1p may stimulates the production of MMP-13 via
MIF in dermal fibroblasts. All of these findings strongly
suggest that in fibroblasts UVA irradiation may stimulate
IL-1B production by an autocrine loop of both IL-1f and
MIF. Thus, both IL-1p and MIF play their roles in the
synthesis of MMP-1 (MMP-13). Furthermore, MIF has
been involved in the induction of granzyme B (GrB) after
UVA-radiation. UVA induces the redox-dependent release
of MIF, which, in turn, activates the production of active
GrB through the p38 MAPK pathway 7. The induction
of GrB by UVA was able to degrade fibronectin. Taken
together, the findings strongly suggest that MIF become a
key modulator for matrix-degenerating proteases, MMPs

Photomedicine and Photobiology, Vol.45, 2024

like MMP-1, MMP-2, and MMP-9, and granzyme B after
UV radiation (Figure 2).

Conclusion

It has now become evident that UV radiation
significantly stimulates the production of MIF in the skin.
UV-induced MIF strongly mediates the enhancement of
collagen degradation and basement membrane damage,
which occurs primarily through the activation of MMP-9
and MMP-2 in the skin. Further, UV-induced IL-1p and
MIF interrelated loops also induce MMP-1 and thus may
contribute to the loss of interstitial collagen. Therefore,
the identification of these new mechanisms helps us
to understand the role of MIF in UV-induced dermal
connective tissue damage, which ultimately leads to
photoaging.
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Synthetic biomarker using the target-responsive molecular probes for the
tumor diagnosis.

Tatsuya Nishihara

Department of Chemistry and Biological Science, College of Science and Engineering, Aoyama Gakuin University, 5-10-1
Fuchinobe, Chuo-ku, Sagamihara, Kanagawa 252-5258, Japan

ABSTRACT

Several endogenous biomolecules such as protein, DNA have been focused on as biomarkers for the tumor diagnosis.
However, the conventional biomarkers are limited to detect the tumor at an early stage when the tumor treatment is
effective for most cancer types. Recently, synthetic biomarkers are being developed to overcome this issue. The exogenous
agents can react with the tumor related biomolecules to amplify the synthetic biomarker in the tumor tissue. The tumor-
selective amplification enables the sensitive tumor detection, which exceed the large background noise from the normal
tissue. In this review, we summarize the history of synthetic biomarker briefly and highlighted small molecular based
probe including our approaches using the acetaminophen derivatives as novel synthetic biomarkers for tumor detection.

Keyword: Synthetic biomarker, tumor antigen recognition, acetaminophen
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ABSTRACT

The details of the fluorescence lifetime measurement using the single-photon counting method are described, including
light sources, photodetectors, electronic devices, apparatus placement, and measurement conditions. The validity of
the assembled equipment was examined by measuring the lifetime of cryptocyanine as the reference compound. To
demonstrate the potential for improved time resolution, hot-band fluorescence measurements of free-base porphyrins
were performed, showing that phenomena with relaxation times of a few picoseconds could be observed.

Key words: Time-correlated single photon counting method; Fluorescence decay curve; Free-base porphyrin; Time-

resolved fluorescence spectrum; Hot-band emission

INTRODUCTION

Fluorescence lifetime measurement is a powerful tool
for investigating the kinetics of phenomena in the excited
singlet state. In kinetic analysis, the relevant rate constants
are often estimated using lifetime analysis. However,
the uptake of dye molecules by proteins has a non-
uniform distribution, making kinetic analysis difficult,
as in homogeneous solution systems. When only a single
fluorescent species is present, an identical fluorescence
decay curve is obtained at any wavelength at which
the fluorescence is observed. However, when multiple
fluorescence signals are present, the fluorescence decay
curves differ depending on the observed wavelength -1,
Even when only one type of fluorescent molecule is
present, the interaction of a specific site of a protein with
the molecule in a solution containing the protein causes
differences in the fluorescence state of the molecule,
resulting in changes in the fluorescence wavelength and the
deactivation time constant. By contrast, in homogeneous
solutions, when one type of molecule is present, a
fluorescence decay curve that can be expressed as an
exponential function of one component is observed under
dilute conditions. However, in heterogeneous solutions,
the fluorescence decay curve varies depending on the
observed wavelength; in many cases, the fluorescence
decay curve is analyzed using a multicomponent
exponential function, such as global analysis -2, This
method analyzes a series of fluorescence decay curves
measured in a wavelength region where multiple emission
species overlap, simultaneously rather than individually.
It also provides the fluorescence spectra for each emission
species with different lifetimes. Fluorescence lifetime

imaging is a useful technique in such cases 3-8, This
technique is useful for visualizing the lifetime components
at each observation position in biological samples, where
the fluorescence lifetime varies depending on the location.
However, it is difficult to assign meaning to individual
time constants when analyzing with a multi-component
exponential function. This is because it is not possible
to assume a simple reaction scheme such as that of a
homogeneous dispersion system.

It is noteworthy that the time-correlated single photon
counting (TCSPC) method has an advantage over other
methods in determining time constants with a high degree
of accuracy. Another method that does not discuss the
kinetic aspect is the qualitative use of time-resolved
fluorescence spectra. For the time-resolved fluorescence
spectra, when using TCSPC, the fluorescence decay
curve is first measured at the same integration time
while scanning the range of the fluorescence spectra at
equally spaced wavelengths. The fluorescence curves
are then arranged by the observed wavelength, and the
curve connected in the time direction is the decay curve,
whereas the curve connected in the wavelength direction
can be regarded as the fluorescence spectrum at an elapsed
time after excitation. This fluorescence spectrum is known
as time-resolved fluorescence spectrum. The time interval
of the fluorescence spectrum depends on the time interval
of each point that constitutes the fluorescence decay
curve. The time-resolved fluorescence spectrum can
often be separated into its constituent fluorescent species,
making it possible to identify the fluorescence spectrum
of the emitting species involved in the fluorescent species
that is not identified in the fluorescence decay curve.
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Consequently, time-resolved fluorescence spectra of
benzene solutions of free-base porphyrins were measured
to see how much time-resolved fluorescence spectra
could be measured. Successful observation of hot-band
fluorescence emitted from a higher vibrational level rather
than the lowest vibration level of the excited state was
achieved using an assembled TCSPC system.

EXPERIMENTAL

A detailed description of the equipment was provided
since the TCSPC apparatus used in the previous studies
was reassembled %28 The description was divided
according to the devices constituting the equipment.

Apparatus

Light sources

In recent years, mode-locked Ti:Sa laser systems
equipped with pulse selectors have become popular light
sources for fluorescence measurement. However, flash
lamps are also currently available for generating light
pulses in the 560-700 nm range, where the Ti:Sa laser
may not provide sufficient power and stability. A typical
Ti:Sa laser offers a wide excitation wavelength range of
700-1000 nm, producing < 100 fs pulse widths. It serves
as a stable oscillator, which is essential for successful
TCSPC measurements, in comparison with a typical dye-
laser system.

Without pulse picking, the average output power can
reach 1 W if a 10 W class laser is used to pump the Ti:Sa
laser. After pulse picking, the repetition rate decreases
to a few MHz, and the average power reduces to 20-
30 mW, which is sufficient for TCSPC measurements.
This implies that additional amplifier systems are not
necessary. However, it is important to note that the time
resolution in TCSPC can be affected by laser fluctuations
such as the line noise generated from the power supply
and surrounding electronics. Therefore, the use of a
simple configuration for the light source is significant. The
repetition rate of the pulse train depends on the lifetime of
the target sample and processing electronics.

The available wavelength region depends on the
lasing region of the Ti:Sa laser. In some cases, second-
harmonic generation (SHG) is used to extend the available
wavelength region by producing half the fundamental
wavelength. The conversion efficiency of SHG mainly
relies on the type of crystal used and the peak power of the
fundamental laser. If the Ti:Sa laser provides a 1 W output,
third harmonic generation (THG) can also be utilized as
an excitation source. However, the conversion efficiency
of THG is approximately 10% of the fundamental value,
which is lower than that of the SHG. Consequently,
the output power after pulse picking is less than 1 mW.
Nevertheless, this power level is sufficient for conducting
TCSPC measurements, provided that long-term laser
stability can be achieved during decay measurements. This
stability can be attained in a well-air conditioned room.

If a wavelength range from 500 to 700 nm is needed to
excite a sample, an alternative to a flash lamp could be an

Photomedicine and Photobiology, Vol.45, 2024

optical parametric oscillator (OPO). OPO, in combination
with a Ti:Sa laser, can generate infrared femtosecond
pulses ranging from 1.1 to 2.0 um. By utilizing nonlinear
crystals, the OPO enables second harmonic generation
(SHG) and third harmonic generation (THG) to provide
excitation wavelengths that cannot be generated by the
Ti:Sa laser alone. However, a drawback of the OPO is
that laser alignment becomes more challenging compared
to that of the Ti:Sa laser, as the fundamental pulse of the
OPOQ is in the infrared region. This means that an infrared
viewer is essential for aligning the mirrors.

Recently, laser diodes (LD) have gained popularity as
excitation sources due to their ease of handling. Moreover,
for TCSPC measurements, it is sufficient to use LD to
excite the samples and generate single-photon events.
While LD can produce excitation pulses ranging from 375
to 1550 nm, the available wavelengths are discrete, and
there is a lack of options in the 500 nm region. Despite
the inconvenience of the limited wavelengths for sample
excitation, LD remain an attractive choice as an excitation
source.

Photodetectors

Photomultiplier tubes (PMT) play a crucial role in
determining the time resolution in TCSPC, in addition to
the pulse width of the excitation source and time jitter in
electronics. The statistical dispersion of the transit time
spread (TTS) of photoelectrons can affect the width of
the instrument response function (IRF) in single-photon
counting measurements. Conventional PMT often
exhibits low time resolution due to multiple amplification
stages in the electron
dynodes, which are (a)
necessary to amplify the
photoelectrons generated
at the photocathode by
incident photons. The
fastest time resolution
achieved with a
conventional PMT,
such as R928, was
reported to be less than
300 ps under specific
conditions %1, However,
the use of conventional
PMT for TCSPC is not
recommended,  despite
their ease of handling (©)
and  cost-effectiveness.
Specific PMT designed
for TCSPC applications,
including a microchannel
plate photomultiplier
(MCP-PMT) with
a time resolution of
approximately 20 ps, are Fig. 1. Dependence of pulse

commercially  available  hejgnt distribution on the voltage
(30311, applied to the MCP-PMT.

(b)

Counts

Pulse height
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The spectral sensitivity of a PMT depends on the
photocathode material, which generates photoelectrons
upon irradiation, based on the photoelectric effect.
Typically, alkali metals with low work functions are used
as the photocathodes. The PMT performance depends on
the radiant sensitivities of multialkali (MA), infrared-
enhanced multialkali (EMA), and Ag-O-Cs (S-1) as
a function of the irradiation wavelength. The radiant
sensitivity is calculated by dividing the photocurrent from
the photocathode by the incident photon energy. MA has
a sensitivity range of 200-800 nm and is widely used as
a photocathode material in PMT for spectrofluorometers.
Through specific activation, MA can be transformed into
EMA, which extends the spectral sensitivity to 930 nm.
The S-1 photocathode is frequently employed for detecting
photons beyond 800 nm despite its low sensitivity and
considerable dark current. Cooling the photocathode using
a Peltier device allows for effective reduction of the dark
current, enabling the detection of a substantial number
of photons emitted from a sample even if it exhibits very
weak emission. This is because the red-sensitive PMT
emits thermionic electrons from the photocathode.

The spectral sensitivity of PMT is also influenced by
the window material used. PMT with MgF, windows can
operate down to 110 nm, although the use of MgF; is
challenging because of its deliquescent properties. Quartz
is a commonly used window material with a spectral
sensitivity that extends to approximately 160 nm. Notably,
molecular oxygen is absorbed in the UV region, leading to
ozone formation. UV and borosilicate glasses are the most
popular window materials, and they do not encounter any
issues when detecting emissions in the visible region.

To achieve a single-photon operation, it is necessary
to adjust the voltage applied to PMT. When the applied
voltage is low, no peak is observed in the pulse height
distribution, as shown in Fig. 1la. As the applied voltage
increases, the pulse-height distribution begins to exhibit
a peak, as shown in Fig. 1b, and eventually reaches
a distinct peak at the optimal voltage, as shown in Fig.
1c. Optimizing the instrument response function (IRF)
allows us to determine the optimal voltage for driving
MCP-PMT. It is important to note that a high emission
intensity can damage the photocathode of MCP-PMT,
leading to a decrease in sensitivity and unusual IRF. It
is generally advisable to set the voltage below 3 kV to
achieve the optimal output, although the exact value may
vary depending on the individual cases.

Electronic devices

TCSPC measurements involve the use of multiple
electronic devices to process signals from PMT, which
detects emissions from fluorescent molecules. Fig. 2
depicts a block diagram of a TCSPC apparatus, consisting
of a photomultiplier (PMT), PIN photodiode (PINPD),
preamplifier (AMP), constant fraction discriminator
(CFD), time-to-amplitude converter (TAC), analog-
to-digital converter (ADC), and multichannel analyzer
(MCA). The arrows indicate the direction of flow of the

Fluorescence Laser
PMT PINPD
l l
AMP CFD
l l
CFD |w=— TAC
l
MCA |e== ADC

Fig. 2. Block diagram of TCSPC measurements: PMT
(photomultiplier tube), PINPD (PIN photodiode), AMP
(preamplifier), CFD (constant fraction discriminator), TAC (time-
to-amplitude converter), ADC (analog-to-digital converter), and
MCA (multichannel analyzer).

electrical signals. AMP is necessary to amplify the output
of PMT because its amplitude may be insufficient to drive
the CFD.

Because there are various combinations of PMT and
AMP, it is important to place an appropriate attenuator
(up to several GHz) between them to avoid saturating the
output of AMP. To determine a suitable attenuator, it is
convenient to have attenuators with 6 dB, 14 dB, and 20
dB settings, which correspond to multiplier factors of 1/2,
1/5, and 1/10, respectively. Trying different attenuators
allows us to determine the appropriate attenuator by
examining the instrument response function (IRF), which
is explained later. If the shape of the IRF is distorted,
another attenuator is recommended.

The output of the AMP primarily consists of the emission
signals and dark noise. Since the emission signals also
exhibit a broad distribution of pulse heights, it is necessary
to distinguish the desired signals from the AMP output. To
achieve this, the discriminator level should be sufficiently
high such that the counting rate of single photons
decreases to 2/3 of the maximum count rate obtained at
the minimum discriminator level. The excitation intensity
should be adjusted such that the maximum count rate is
less than 1/100 of the repetition rate of the pulsed laser
to avoid distortions caused by pulse pile-up. If the dark
count rate resulting from the dark current of the PMT is
not negligible (e.g., several hundred counts per second),
the maximum count rate needs to consider the dark count
rate by subtracting it from the measured maximum count
rate.

To optimize the IRF and minimize its full width at half
maximum (FWHM), there are several tuning points within
each apparatus. One such point is the zero-cross setting of

-18 -



the CFD. In general, the zero-cross level is highly sensitive
to the FWHM of the IRF because it determines the timing
of the output pulse from CFD. A delay line is utilized to
introduce a signal delay between the CFD output and TAC
input. It is commercially available as a pre-calibrated NIM
module. The delay accuracy is calibrated within a range
of +100 ps, making it suitable for calibrating the time
resolution of the MCA when combined with the TAC in a
manufactured system.

TAC plays a crucial role in TCSPC, as it determines the
time difference between the start and stop signals from the
CFD output by utilizing capacitor charging. TAC features
input connectors that accept start and stop signals along
with some control lines. When the START pulse is received
from the corresponding CFD output, the capacitor begins
to charge and stops charging upon receiving the STOP
pulse. The time difference between the START and STOP
signals is directly proportional to the voltage across the
charged capacitor. However, in some cases, the linearity of
this relationship is not guaranteed, and should be checked
before measuring the FWHM of the IRF. This helps
identify the available channels in the MCA. To prepare for
a subsequent START signal, the capacitor must discharge,
resulting in a ‘dead time’ of approximately 100 ns.

In general, START and STOP signals are typically
associated with the outputs of PINPD and AMP,
respectively, which is referred to as the ‘Normal setting’.
The probability of detecting a PINPD signal resulting from
the repetition of a laser pulse is lower than that of an AMP
signal. In the “‘Normal setting’, AMP serves as the START
signal and PINPD as the STOP signal, which allows
TAC to start charging. However, there is an alternative
configuration known as the ‘Reverse setting’, where AMP
becomes the STOP signal and PINPD becomes the START
signal. This setting is useful to avoid time loss caused by
the *dead time’ of the system.

It is important to note that the ‘Reverse setting’” may not
be applicable if the time constant of the emission decay is
greater than the laser repetition rate. This is due to the non-
negligible overlap of the prolonged decay components
from the excitation caused by the previous laser pulse.
Therefore, accurately determining the repetition rate of
the laser pulse using a pulse picker is crucial for achieving
efficient measurement of fluorescence decay. In certain
applications, TAC can be controlled using an additional
INHIBIT signal. This feature allows the measurement
of differential decay in the presence and absence of an
applied electric field 2.

Until high-performance personal computers (PC)
became popular, a multichannel analyzer (MCA) was
commonly used as a stand-alone device. However, in recent
years, MCA have been implemented using PC extension
boards or external boxes that are controlled by a real-time
program. This advancement allows for advantageous
control of the MCA, along with other peripheral devices,
such as motor driver, photon counter, and sample changer
units. Integration of these components into a PC-based
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system provides flexibility and ease of operation.
Apparatus Placement

Fig. 3 depicts the present setup for fluorescence
lifetime measurements using the time-correlated single-
photon counting method. A polarizer is employed to set
the polarization angle of the excitation beam to 35.25° to
avoid emission photoselection. The beam is then focused
onto the sample cuvette using a convex lens. The light
emitted from the sample is monitored at a right angle to
the excitation beam to prevent detection of the excitation
source. A pair of convex lenses is utilized to collect the
emission and match the F value of the monochromator.
A depolarizer is necessary to eliminate the polarization
property of the monochromator. The desired monitor
wavelength is selected using a monochromator and
detected using a PMT. The output signal from the PMT is
amplified by AMP and processed by CFD to discriminate
the emission signals from dark noise. The START signal
generated by CFD is fed into the TAC input. If a laser
diode (LD) is employed as the laser source, the STOP
signal in the "Reverse setting” is generated by the LD
driver. In the case of a conventional pulse laser, such as a
Ti:Sa laser, the STOP signal is generated by monitoring a
portion of the pulse split from the excitation pulse using
a low-reflection mirror. If second harmonic generation
(SHG) or third harmonic generation (THG) is used to
excite the sample, the fundamental pulse is suitable as the
STOP signal, which should be processed by CFD.

Sample v,
LD
Polarizer
LD driver
Depolarizer I
Monochro- CFD
mator I
MCP-PMT Delay line
I START I&OP
AMP == CFD TAC
B
ADC
¥
/\ MCA
—y |
Motor drive  PC Data bus

Fig. 3. The present setup for measuring fluorescence decay,
including a laser diode and optics for collecting emission from
a sample.
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Measurement Conditions
When starting fluorescence decay measurements,
please take note of the following points,

1. It was ensured that the laser pulse remained stable
throughout the decay measurement. In some cases,
it may be necessary to wait a few hours to achieve a
stable laser pulse.

2. Check if the absorbance at the excitation wavelength
is less than 0.3. This is important to ensure
homogeneous excitation of the sample in a 1 cm %
1 cm cuvette.

3. The polarization of the excitation pulse is verified. If
you plan to measure anisotropic decay, make sure to
use a polarizer on both the excitation and emission
sides.

4. Check whether the photon counting rate from the
sample, relative to the repetition rate of the excitation
pulse, is less than 0.01. If it exceeds 0.01, the obtained
decay curve may be distorted due to pulse pile-up
effects caused by multiphoton events.

Materials and Instrumentation

Cryptocyanine and H,P were purchased from Tokyo

Chemical Industry Co., Ltd., and purified three times with
ethanol. Fluorescence decay measurement was performed
using an LDH-P-C-405 diode laser (PicoQuant) with a
PDL 800-B power control unit (PicoQuant) at a repetition
rate of 2.5 MHz. The temporal profiles of the fluorescence
decays were detected via an R3809U microchannel plate
photomultiplier (Hamamatsu) equipped with a TCSPC
computer board module (SPC630, Becker and Hickl
GmbH).

RESULTS AND DISCUSSION

Measurement of IRF

Rayleigh scattering at the excitation wavelength was
measured using a sonicated vesicle solution, instead of the
sample solution (Fig. 4). This scattering decay can serve as
IRF, which can be used to analyze the fluorescence decay
curve through deconvolution. A Delay Generator was used
to adjust the position of the decay signal on the MCA.

If the peak channel of the IRF fluctuates on MCA, it is
important to check the stability of the laser. In some cases,
the fluctuation may have been caused by airflow from an
air conditioner. To mitigate this, consider covering both
the laser and detection instruments to block the airflow.
Finally, the fluorescence decay curves were processed
using a computer. To measure time-resolved spectra, the
monochromator was controlled using a stepping motor
driven by a personal computer. Accumulate photon signals
at specific wavelengths for a defined period of time and
then reconstruct the time-resolved spectra on the computer.

Measurement of Fluorescence Decay

Once the components of the measurement system have
been assembled, it is important to verify the accuracy of
the measured fluorescence decay. A common approach

S, Residual
T ‘ﬁ‘{?r
i vaeil kel

- Decay curve
IRF
— Simulation curve

Counts

L

Time / ns

Fig. 4. The fluorescence decay of cryptocyanine in ethanol was
monitored at 728 nm with excitation at 410 nm. In the plot,
small dots represent the instrument response function (IRF),
while large dots represent the fluorescence decay. The solid line
represents the simulated curve obtained through a least-squares
fit, which yields a lifetime of 75 ps. The upper plot shows the
weighted residuals calculated from the fitting data.

is to compare the obtained lifetime with previously
reported values to ensure consistency. Fig. 4 depicts the
fluorescence decay of cryptocyanine in ethanol. The
resulting lifetime was determined to be 75 ps, which
agreed with the reported value of 75 ps 1. Furthermore,
this observation highlights that a minimum of 2000 peak
counts is necessary for a reliable lifetime analysis. If the
peak counts are insufficient due to a very low quantum
yield, caution must be exercised when interpreting the
calculated lifetimes. Several studies using the current
apparatus have been published B+,

Fluorescence decay measurement of H,P

The excited state generated by photoexcitation is not
the lowest vibrational state, but a higher vibrational state,
followed by vibrational relaxation to the most stable
excited state. Photochemical reactions usually occur in
the lowest excited state. This is because higher vibrational
states relax within a few picoseconds (ps), which is too
fast for normal photochemical reactions to proceed 154,
Relaxation from higher vibrational states results in hot-
band emission during the excitation relaxation process of
H.P. The absorption spectrum showed a Soret band with
a large molar absorption coefficient of approximately 400
nm and a Q band from 480 to 650 nm. Furthermore, the
Q band is split into the Q4 and Q, bands, with Q, having
a higher energy. When the Soret band is excited, internal
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conversion to the Q, band occurs within 100 fs, followed
by a high vibrational state in the Q« band. The vibrational
relaxation time of this high vibrational state has been
reported to be 1.5 ps .

When measured with an instrument with femtosecond
(fs) -time resolution, such as the fluorescence up-
conversion method, these processes can be observed
and the time constant can be determined. However, up-
conversion is a technically challenging method that
measures the sum frequency of the emitted fluorescence
and the probe laser. Due to the use of optical delay, it
can be used to determine the fluorescence lifetime in the
femtosecond region. Meanwhile, the TCSPC method does
not have fs-time resolution, but ps-time resolution, making
it difficult to determine the time constant %3561, However,
because the time resolution of TCSPC is limited to a
few picoseconds, fluorescence from a higher vibrational
state, or hot-band fluorescence, may be observed in the
time-resolved fluorescence spectrum immediately after
excitation. In addition, this fluorescence relaxation is
expected to be strongly influenced by interaction with the
medium.

Time-resolved spectra

The time-resolved fluorescence spectrum of a benzene
solution of H,P was measured at an excitation wavelength
of 410 nm using the assembled TCSPC. This was prepared
by reconstructing the fluorescence decay curves measured
every 2 nm from 550 to 770 nm. The time-resolved
fluorescence spectra are shown in Fig. 5 shows the time-
resolved fluorescence spectrum of H,P. The number on
the far right represents the time elapsed after excitation.
The reason for some negative times is that the peak of
IRF is time zero. Because the IRF has a time width, the
time before the peak was represented as a negative time.
The negative time is the time region where fluorescence
emission occurs along with photoexcitation.

A weak fluorescence signal was observed in the
spectra from 590 to 630 nm immediately after excitation
within 35 ps. Judging from the observed fluorescence
wavelength and time region based on previously published
literature, this fluorescence can be attributed to hot-band
fluorescence. In other words, although the signal was very
weak, the present TCSPC apparatus could observe the
fluorescence emission process with a time constant of a few
picoseconds. However, this was not sufficient to determine
the time constant. This indicates that the time-resolved
fluorescence spectrum, which can be measured using
TCSPC, has potential as a measurement technique. Thus,
TCSPC has the advantage of being a compact instrument;
however, it also has the aspect of a spectrometer with high
temporal resolution. For example, it is possible to explore
the morphology of porphyrin derivatives in proteins in
which emissive species are distributed inhomogeneously.

Photomedicine and Photobiology, Vol.45, 2024
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Fig. 5. Time-resolved fluorescence spectra of H,P in benzene on
excitation at 410 nm under Ar.
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MWP: matrix metalloproteinase
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Photochemical protein damaging activity of tetrakis(p-allyloxyphenyl)
porphyrin P(V) complexes
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Abstract

Porphyrins are macrocyclic pigment molecules that are abundant in nature and play many important roles, including
photosynthesis and photomedicine. It is an aromatic compound with 18 pi-electrons, consisting of four pyrrole rings
bonded together. Porphyrin has been used as the agent of photodynamic therapy (PDT), which is a less invasive cancer
treatment. The important mechanism of PDT is an oxidation of biomacromolecules through singlet oxygen production.
P(V)porphyrin has another effective damaging mechanism, which is the direct electron transfer from biomacromolecules
to the photoexcited P(V)porphyrin. In this study, to evaluate the effect of the ligands on the photosensitizer activity, P(V)
porphyrins with different alkoxy ligands (EGP and PGP) were synthesized. The optical and electrochemical properties of
EGP were almost the same as those of PGP. However, the protein photodamaging activity of PGP was larger than that of
EGP. The difference in photodamaging activity may be attributed to differences in association with protein, because the
binding constant between protein and PGP was larger than that of EGP. This result could be explained by the assumption
that the relatively long carbon chain of the axical ligand of PGP increases the hydrophobicity and enhances the interaction
between PGP and protein.

Keywords: P(V)porphyrin; Axical ligand; Photodynamic therapy; Electron transfer; Protein photodamage
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allyloxyphenyl)porphyrin (PGP) # &k L7ze TSR
V7 4 Y OMALFEN B L BN ES XU
BIEPOBC & % &7 o3 7 BHGIEH % 5744l L 720

Figure 1 Structures of EGP (left) and PGP (right).

2. BTk
2.1. iR

Iy )= VBILOTEF=DM)IV, AFH TV F T
VUBT NI TTFAVT VEZY AL B LT 4 VAR
sk 2 E 2 5, 0.1 mol/L V) » R (pH 7.6)
I FHIA T AIBRRSHEL S ZNENEA L, &
MLE 7 V7 3~ (HSA) 1Z Sigma-Aldrich #ka &4k A
HEAL 720

2.2, W

NMR (3 Avancelll HD400 (Bruker), & & 4> #1 i
microTOF (Bruker), WX A~ % Vi UV-1900i %41
ARG EEEE (MRt Bt BT . HOBA RS b
Vi F-4500 #G 0t (bkaUatl B 2 8B %
HwTEnENNE L7z, JEBEA O LR ICEM I,
Potentiostat/Galvanostat (HA-301, dt.2}-8 TRk 44t .
Function generator (DF1906, NF #z\4#1) . Midi Loger
(GL900-4, GRAPHTEC #xiextt) % v Tl L 72,
WEZIE, 7 = MYV BREEICIEIATY TV
oY) VBT NI TFLT RS ARV, BE
M & UCR A 1 A VB (SCE)., fEFIME X OSxf i
WIS AR 72,

2.3. FHR

E P10 iz & o & Bis(chloro)P(V)tetrakis(4-
allyloxyphenyl)porphyrin (ClI P(V)TAIlyPP) % &% L 72,
CIP(V)TAIlyPP 100 mg z ik ) ¥ ¥ LKk F L &~
Zya—n (WIFhbEL7 4 v ARG S
) ORGEBICE L. 15 BERINEGRIE L 72e R
WIS ATFNVATAIUINTT T4 — (XF ) —
Viruauakivs =1:4) THELZ, &#HIZEGP
N 84% THE72, F 72 CIP(V)TAllyPP 133 mg & i
KEY IV EBALI- Tanxy Ik —n (L7400
AFDEHEERR ) ORGEBIE > Ly 20 BERHIM
BRI L7z BAERMIEI VSIS VAT Az BT b
7574 — (XFJ—=):rzuauak)Vh =1:5) Tk
B 720 HAIIC PGP 23 99% TH72o NMR B &
RGO RE DFIIRT,
EGP: 'H NMR (CDCls;, 400 MHz): 6 8.99 (d, Jp-y = 3.3
Hz, 8H, BH), 7.91 (d, Jun = 8.0 Hz, 8H, o-phenyl-H),
7.27 (d, Jun = 8.0 Hz, 8H, m-phenyl-H), 6.23 ~ 6.12
(m, 4H, CH,=CHCH,0-), 5.55 (d, Ju.n = 17.4 Hz 4H,
CH,=CHCH,0-), 540 (d, Jss = 10.8 Hz 4H, CH, =
CHCH,0-), 4.75 (d, Ju.n = 5.6 Hz, 8H, CH,= CHCH,0-),
0.74 (t, Ju.n = 5.6 Hz, 4H, P-OCH,CH,OH), —2.19 ~ —2.25

(m, 4H, P-OCH,CH,OH), *P NMR (CDCl;, 161 MHz):
_1808, ESI-HR TOF-MS calcd. fOI' C(;()H54N408|':>)r [M+]:
989.3674, found: 989.3875.

PGP: *H NMR (CDCls, 400 MHz): 8 9.01 (d, Jp.y = 3.2
Hz, 8H, BH), 7.88 (d, Ju-u = 8.7 Hz, 8H, o-phenyl-H),
7.28 (d, Jun = 8.7 Hz, 8H, m-phenyl-H), 6.21 ~ 6.12
(m, 4H, CH, = CHCH;0-), 5.55 (d, Ju- = 16.8 Hz 4H,
C_2 = CHCHzo-), 5.39 (d, Jun = 10.4 Hz 4H, Cﬂz =
CHCH,0-), 4.75 (d, Ju.n = 5.2 Hz, 8H, CH, = CHCH,0-),
1.45 (t, Juu = 4.0 Hz, 4H, P-OCH,CH,CH,OH), —1.25 ~
1.31 (m, 4 H, P-OCH,CH,CH,OH), —2.27 ~ —2.33 (m,
4H, P-OCH,CH,CH,0OH), %P NMR (CDCls, 161 MHz):
5-180.6; ESI-HR TOF-MS calcd. for Ce,HssN,OgP* [M*]:
1017.3987, found: 1017.4080.

3. MiRBIUOEE
3.1 P(V) BN 7 4 ) ¥ ONALFEI P

ZALEWOWILA R P IVEB X HBEANRY ML %
I —=)VvFE L) CEEER (pH 7.6, 10 mM, 1%
Iy —NV) mTHIE L. BV 74U VI2id, WkE
400-450 nm fFITIZ & ZphiR —EIH (S IRE~OET
HERITIE S5 Soret iy & & 500-700 nm A UL 12 5
— e —FIH (Sy) IREANOEFERIE S NS QM
I 2 RN R IR B s A S M Tn 5 W, 1R
INANRZ PIVIIE DL, Soret 47 (EGP: 445 nm, PGP:
447 nm, =¥ 7 —) BLUQii (EGP: 568, 614
nm, PGP: 568, 614 nm, =% J — )V H) IZBIT 5% —
I WREOENL, EELDLEMITBVTH ITEAL
RoNhoizs ENVIIGHREIL =7 — ViEHRF
TIE WEEWICKRERENA SN Lo /zds V¥
Wi (pH 7.6, 10 mM, 1% =%  — V) Tlid PGP
EGP @ 2 fHITEVER IR L7ze EHIS Y v BT
WHIZBWT.EGP @ Soret #1283 72 7 1 — F{LAE]
BENTz, INSDOFEFIL. EGP OGN & /R IR
LT3, WEAT-DRFEES D EGP OF B, 4
FHTRI v 7 LT Wbt ExbN5,

AR PVIIETIEZ Y 2 — VB XY Vs
i (pH7.6,1% ¥ 7 — V) HiZHB W T i KHEOGH
RICBIF2#EVEHF B SN o720 25 ) —
VIR BT 5 400H IR 1%, EGP TiX 0.059, PGP
T2 0.064 TH Y. PGP O FAEGP X ) & b2k
Ehotre —FH LY ) — VB TOMILIFAIL. PGP
(1.82ns) ®HAEGP (2.13ns) LY & bTAIlsHh -
720

32 P(V) EIV7 1) ¥ OB ICEN

T M= MY VHIZBITA EGP B XU PGP ©#EJT
A (Eea) X, ZH2N—-0.61V, 059V (vs. SCE)
TH o7z {LEWMOBILEN (B 1Z TR [1] B
JORIICEYER L, VU T 77> (Trp) O
LB E'w=065V (7 F=FYILHF)® ZHw, ¥
YRTVBEDORN) T T 7 UL ENT ) ADNTH
HETBIIICBITIAXFTAIANF -2 (AG) %K
DOF[3] TH L7z ERNOBBEE 72 b= M) L
TlE, RV 74 BLXORY 7 EORBIIEL S
W T UNRTEHEDREGTRLY T 1) ¥ OESED TR
N, 7 F= MYV X)) RAERBEPICEWIRELC
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0-0 — /1
ZZTC h[Is]id 79 v 27 %%, c[m/s] idytH, 1
[nm] xR 7 49 o QufiZB i) 5 BRI EM DMK
R EBMRIFGHEEDTFIIMETH 5,

Eox =

(1]

red T Eo—o [2]
AG = (E'ox — Ereqa) — Eo—o [3]

ENENOWE L FIHEORRE T AL T —HfX &
L C Figure 2 127796
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Figure 2 Energy level diagram of EGP, PGP and tryptophan vs.
SCE.

WAL AW OFRALEITCEAIITR & ZaE B S h
Lol WITNOLEW DR TN S L
B TH LY NI PO ONHREFBEIHET
HHIEDAC OFHEBEENS, BIFTRENT
(EGP: -0.73 eV, PGP: -0.76 V), Wi{L&Wid. 1K
FERFE T T PDT I A MR CE AW REEAVRIZ S
720

33PV)ERILVT 4 ) vy 8y OMEN

Z N B E OMEAEN %M 572002, KEH:
Z U THDHHSAD % F VI H Wz, KAfFge
Tld. BAKIBBNTY =7y NI b 7 VST EDR
VT 4 ) Y OISO TS Z 2 5 EE HSA ©
N7 N7 7 VEREONERAL T FEEE ISR L7z RV
T4 UHRHSALREETH I EIZE o TRINARY
WHEALT B 2 EDEATIIE® 0o TED, £
DWRILA R 7 bV DOZALD SAEAEBORE BT
BB RIVT4) VEHSAR L LOREEBR LI E
PELIEEDELT 41) & HSA OFGEE (Ko
M?) %23 [4] THEIB L7z ¥ Vs 0, 0.2,
0.5, 1.0, 2.0, 5.0, 10, 20 pM @ HSA & 5 uM P(V) KL
74 a2 10mM ) RS (pH 7.6,1% =% ) —
V) WCIEREETHEL . A ERE. Tieok [4]
THENDHSA L DOMESEHICE B PV) KV T 41
Y OWIXA T M vEAL%E Figure 3 12787,
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Z 2T [Por-HSA] iZ. K7 1 ) ¥ —HSA HAEMKD

WepE . [Por] 1, RS SREORIL 7 4 ) VikEE, [HSA]
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Figure 3 Absorption spectra of EGP (top) and PGP (bottom) with
or without 10 uM HSA in a 10 mM sodium phosphate buffer (pH
7.6, 1% ethanol).

WALEY & HITWINA 7 PVIZ HSA RN X 1,
DIPLRERY 7 M EROMESBH SN,
12, HSA L DM EAEHIZE Y PV) RKL7 141 D4
BRI NTZ ETHMTE B, KA ERIE. EGP T
1.9 x 106 ML, PGP T 2.7 x 106 M LT Sz, &
O, WAL T O B EFIEMNHE S BUkED 1 H-
12X 5T, HSA @BiKAKRS » -1 12 PGP A3kiA L=
FTWIENRNEZONL, 72 HREE-BEAXY b
VHE TR HSASFAE FIZBWTPNV) BV 740 D
Soret i DWW R ICHbThRAO Ty F URREZEN L
720 TOZ LI, PV)RIVT 49 »AYHSA o Ffif
EWCHALIZEE . F5U T4 —2HETALEEDTDHY.
WAMICHAMEZ D > THRALTWAZ L2 RIBL T
Who

EGP B X U PGP o #t i (Jihke ik & : 550 nm) i,
HSA L OMEEHICE D wIFn b 2 512 BA L7,
COfERIE, HSA L DM EAEHIZE D, P(V) KV 7 4
U Y OEEDENI BREFLSEE SN2 LT
HICT& %, HSA (10 pM) &M EAEM L7z P(V) B
74 ) Y OENGFHFAE 3 A T S, HSA JEfEAE
TIZHARTEEMEGHEML 720 £ P(V) K
V74 Y OEERE, HSANOREEORAICL 2%
bR LTE D, BHFMILIE HSA L OfAEIZE -
TREELZP(V)ENV 7 1) v OEEOBMAYE KN 72
EEZOND, Fiz. EHEMESIE. HSAPSOET
BENIZ XL 2HNEOFGZREL TV 5,
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PNV)RNVT 4y v ey s L offaikzdfie
52 720G T R L F—BEEIC L > THSAD
M) T T L oEESER L, RS T (=
ANF— FF—) BZFOHNEE N Uk RN 2
ETH0T (ZANVF—=T 2Ty —) ITh#HT5E
43F- [T Forster BEAE5. 19 12 X 5 T 3L ¥ —B#)H5k
20, ZOMEREOHFGPEHET S, TANVF—F
F—DHENH G I ANE—T 2Ty — T & IE
AT THE L, Zokh & i FEEEE %2 ko= [5] 12
Yo THIBTE %, & aE HSA & 10 uM, R
74 VIEES UM,) ) CEERMEE (pH 7.6) Tl

Lf:o
To R0)6
0_ (20 1
T (R + [5]

CIT ik, RV T4 VIEFETICBITS MY
T 7 DTG, Tk, RV T4 VEETICE
35 MY T N7 7 rodiEEa, R, TALVF—B
BoOWREE. RIAlZ, PV T 770 -FLr74)
YOHLEEEEETH S Rold. Forster BT 0 Bl 1
WHESX, MN)TF T 7 vOEBEANRY BV EERGE
T, P(V)RIVT 4 ) Y OWINART Vs SHEHE
L7z0 % P(V)ENVT741) VIZBIT5 R iE, EGP Tl
27.7A PGP TI3288A TH -7 PV) KL 741 &~
OFEAETEFREETIZBT L V) T 7 7 v oik#H
wEHNELZEZA, M) T N7 7 v oREHEmE, £
hZh 3 s offtr Sz (EGP: 1 =0.11 ns, 5%, 1o =
1.01 ns, 40%, T = 3.23 ns, 55%, PGP: 1, = 0.12 ns, 7%, T,
=0.99 ns, 43%, 1; = 3.13 ns, 50%) , #* =T, FNEND
WHHFFEHNT, KBS PNV)RKLVT41) &b
VT N7y o b lEfEr IR L2 2 A EGP T
13 27.2-57.6 A.PGP T3 28.1-69.8 A & RiEd b=,
HSA O ££25 80-110 AW Ta 272, WLEW & D
[ZKEBSME. HSA O FREAEICHAE L TWD 2 LAVR
ug%éhf:o

34. ¥ Y7 B0

HSAH DO NS+ 77 %27 —% v LT, PV)
RN T 4 U ~NOHRIEIT X 5 G E % G-l L 72
HSA O tILIEG DR EIR, PY T 7 7 VO BHRK
SEIRIE DI S F-M L7z T 720 10 W EHIO T VAL
F MU A OGRS, R TR
I riEEREX [l DL ITEH L @),

Fo
[Damaged HSA] =
Fo

[HSA], [6]

Z =T, [Damaged HSA] i, HSA $Ef5% (b Xh
U Z 77 2. Fold, MIEOERE, Fid, )6
TR OENRETH 5o R [6] 12 & > TRD A
POEM LMo NERALEGREL RV T 4 Yo
WIOE 7%, BshnfE2 SR [T 2 HwTasy V32 B
HGE TR (D) Z2HH L7

v

by = —
47 NA

[7]

Z 2T, v, P o AL EEE [nM mint], N &,
BN T 4) IS N6 F 5 [PM em? min )], A
. Y TV oI ENE R [cm?] TH B, A [7] 1T &
DS L7z O 10, ZEHIC X B3R TIEE (OA), 0
FETRBINIC & 2B G TR (D(ET)) ORI
kDK [8] THEEND,

Pg = Pq(8) + Py(ET) [8]

B, OET) X, 7 VMLF b U 203N X Y 10,
FHELLEEZICBNSAZEERFNETH HW),
Table 112 & BHEIC BT 5 ¥ v 3y BiEG =T IE 2R
R

Table 1 Protein photodamaging quantum yields by EGP and PGP

Compound Dy Dy(ET) DA
EGP 8.4x10™ 2.1x10™* 6.3x10™
PGP 1.1x10°? 3.1x10* 7.9x10

PGP I EGP L [tX, &% v X7 BiBGETINES
LU0, BRI X B BE R TN, LFHIEE TR
S LHGETIEEROETIZBWTRE REPEHE S
770 ELERE LT.PGP @ HSA & Ok X ka8
BEZOND, 10, ERE TIRIE, HSA T ¢
12 PGP o f5Ask % 24t (EGP : 0.08, PGP : 0.10) #
R L720 BB ITEMICBWTY, EGP & PGP T X
LRGN o T o Ty 7 U7 EBERDENT
HHEAL T DR FE OIS 725 V87 B e O E
MEAEIZ X B 2 EDRIB R N7,

Uy g OMEERICBWT, Wbaw e bic
F Uy EE DR MR L72o HSA L OfEEIZOWN
T, WALEW & B2 HSA OFEHEMEICH S L. DT n
ZHIEE D o 724 AARE SNz, HSA L ofi&a e
it KREHDKZ v PGP T EGP 0%y 1.4 50553
ZEIML 720 S AU RFEIEINIEE D Bk oK
X 5T, HSA DBIKERT v bAOREEMEHE SIS
CICRNT D EEZOND, ¥ U BB EMIC
DWTIE, PGP & TORME TS v /37 B E TIX
FIZBWTRELREME R Lz THIEEEIEOEE
DEFITFRERBEBODELS, FICHEAGEHORE
WEFE LTS EHEE Lz, MR FoRFESHO LT
MRENTY V87 H & OMBAEH &ERETEHITK
EREVELDL ZADHERI N,

HHh

ARWFFE T, SEMIIEREICB W TEREEZ NS 2
WARMARBGER TRV AT 5 s NS
PV) B 7 4 ¥ & v, BB D R FEHDE NI
X By 28y BHEEGE & Sl L 720 Cl P(V)TAIlyPP
ZEFHIPV) BV 7 1) VOB T £ LT2HDO5
F%LDOEGP L 3flojxFEE D DOPGP # A/ L7z, M)
ILAEWIZ BT 2L SM B X OERALF I,
KEZEWCIZBI SN h o 72, BALETEMOMHE A
b, WALEW & B ITAEERGF~OBRILIBE AT HET H
LI ERMH LI 7 8y BB MEICB W T.PGP
DV ATRIC X 5 TEGP IZHRTEWHEERE 2R
L7z0 RWFZEIZBWT, P(V) BV 7 1) VAL T O
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