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Outline of the work:

The captivating colors of flowers, which range from blue and purple to red, have an
important aesthetic and cultural significance for humans throughout the world. Anthocyanins
are pigment molecules responsible for much of this coloration. Chemically, anthocyanins
are flavonoid compounds characterized by specific sugar chains and organic acids that are
attached to chromophore structures. Scientific investigation of flower color chemistry
originated in the late 19th century. However, by the early 20th century, a notable scientific
debate emerged between German and Japanese chemists over the “pH theory” versus the
“metal complex theory” as an explanation for anthocyanin-based blue flower coloration.
Moreover, this controversy remained unresolved for a long time. Given this context, Dr.
Kumi Yoshida developed a keen interest in understanding the mechanistic basis of blue
flower coloration, and approached this issue from the perspective of natural product
chemistry. She pursued research methodologies that integrated organic chemistry with plant
physiology, aiming to elucidate both the structural diversity of blue pigments and the variety
of mechanisms responsible for the multiple coloration forms produced by anthocyanins. In
general, Dr. Yoshida’s contributions can be categorized into three primary areas. Key results
in each of these are described below.

I) Research on blue flower coloration caused by metal complex anthocyanins in
dayflowers and other plants

First, Dr. Yoshida investigated a blue pigment commelinin, that is present in the blue
dayflower, Tsuyukusa. To do so, she purified anthocyanin and flavone components of
commelinin, then reconstituted a supramolecular metal complex pigment known as
metalloanthocyanin (commelinin) by combining these components with specific metal ions.
Using X-ray crystallographic analysis of a single commelinin crystal, Dr. Yoshida was the
first to elucidate the supramolecular structure of commelinin, marking a major breakthrough.
Her findings demonstrated that anthocyanins complex with metal ions to produce a blue
color, providing robust evidence for the metal complex theory. Dr. Yoshida further showed
that the blue coloration observed in cornflower, salvia, and nemophila species is also
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generated by supramolecular metal complexes that are analogous to commelinin. Moreover,
these metalloanthocyanins reliably self-assemble in mixtures of anthocyanins, flavonoids,
and metal ions such as magnesium.

II) Research on blue flower color and color changes of polyacrylate anthocyanins,

including in morning glory

In blue flowers of morning glory (e.g., [pomoea spp.), buds are initially red but turn blue
as the flower blooms. During this transition, the structure of petal anthocyanin remains
unchanged, suggesting that changes in pH drive the color shift. In petals, surface cells
contain color, while inner cells remain colorless. Accordingly, a pressed extract of the blue
petals is known to turn purple. To study this unique system, Dr. Yoshida applied an
innovative intracellular microelectrode technique to measure vacuolar pH, specifically in
surface cells. She successfully measured the vacuolar pH in red buds as approximately 6.6,
although it increased to 7.7 when petals turned blue as they opened. Overall, this pH shift
strongly supports the pH theory. To investigate the mechanism responsible for increasing
pH, Dr. Yoshida demonstrated that within the 24 h window immediately prior to flowering,
potassium ions enter plant vacuoles, thereby drawing in water and resulting in a higher pH.
This discovery has profoundly impacted plant physiology by uncovering a universal
mechanism for vacuolar pH adjustment that is tied to cellular growth.

III) Research on blue pigments and color variation in hydrangea

Hydrangeas native to Japan were originally known to display blue sepals; however, their
color is highly sensitive to soil conditions. For example, when grown in acidic soils,
hydrangea sepals can turn blue, whereas in neutral or basic soils, they appear red. Research
in the early 20th century showed that identical organic compounds are present in both blue
and red sepals, with aluminum ions contributing to the blue color. Nevertheless, the structure
of the blue pigment and the mechanism of the color change remain unknown. Using
advanced chemical investigations, Dr. Yoshida was the first to identify the blue pigment as a
1:1:1 complex of anthocyanin, neochlorogenic acid, and aluminum ions. Moreover, she also
observed that in purple hydrangea sepals, colored cells form a mosaic of blue, purple, and
red colors. To elucidate this phenomenon, Dr. Yoshida prepared protoplasts from each color
type and collected samples for microscopic analysis. Using ultra-microanalytical techniques,
she revealed that slight changes in the ratio of aluminum ions to anthocyanin, variation in
the composition of copigments, and vacuolar pH can all significantly influence the formation
of the hydrangea blue complex, thereby driving color variation.

In summary, Dr. Yoshida has pioneered innovative research methods rooted in her
original analyses of flower coloration, and has elucidated fundamental mechanisms that
answer long-standing scientific questions. To date, her work has provided definitive answers
to questions that have intrigued researchers for more a century. Furthermore, Dr. Yoshida’s
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scholarly contributions are highly esteemed across multiple scientific disciplines, since her
work offers significant insight into the complex chemistry underlying natural pigments. Dr.
Yoshida has also been at the forefront of her field regarding international collaboration, as
she has organized two symposia in Japan focused on floral coloration research. In
recognition of her impactful work, Dr. Yoshida has been honored with a JSBBA Award from
the Japan Society for Bioscience, Biotechnology, and Agrochemistry, as well as a Scientific
Prize from Groupe Polyphenols, the preeminent global organization for polyphenol research.
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