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Abstract

Due to global warming, our life is gradually getting worse. There are various problems such as lack of food and depletion of living environment.
On the other hand, especially in the developed countries, people with excessive calorie intake and lack of exercise become lifestyle disease. Under
these circumstances, it will be difficult for us to live healthily. To improve this situation, the Sustainable Development Goals (SDGs) were set by the
United Nations. This mini review focuses on biosensor as a tool to monitor the human health conditions towards achieving the SDGs.

Introduction

A biosensor was developed by the fusion of biology and
electronics, and constructed by a biorecognition element and a
transducer, it has been widely used as a simple, analyte specific,
rapid, low-cost, and energy saving measuring device in the field of
the clinical, food and environmental analyses [1]. The first biosensor
was developed employing glucose oxidase and a dissolved oxygen
electrode for blood glucose monitoring by Updike and Hicks in 1967
[2]. Since, the development of the biosensors has been widespread
worldwide and some of them have been commercially available
[3]. On the other hand, the United Nations adopted “Transforming
our World: the 2030 Agenda for Sustainable Development (2030
Agenda)” and set the Sustainable Development Goals (SDGs)
consisting of 17 global goals in 2015 [4]. The 1st goal and the 2nd
goal of the SDGs are “No Poverty” and “Zero Hunger”, respectively.
In fact, future food and nutritional security has become a major
concern for both rich and poor, given the present concurrence of
risinghuman population, climate change and changing consumption
habits [5]. The nutrition of carbohydrates, proteins, fats, vitamins,
minerals, and fiber is required to maintain healthy life. However,
it is known that people’s nutrition sources are more likely to bias
to carbohydrates in countries and regions where food is scarce, or
even in developed countries, the situation will be similar depending
on living standards. In such cases, people become susceptible to
diabetes. On the contrary, people with excessive calorie intake and
lack of exercise naturally become susceptible to diabetes.

In the report by World Health Organization (WHO), the number
of people with diabetes has risen from 108 million in 1980 to 422
million in 2014 [6]. WHO projects that diabetes will be the seventh
leading cause of death in 2030 [6,7]. However, in the 3rd goal of the
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SDGs, “Good Health and Well-Being for People” is set. To realize the
3rd goal, such forecast of the diabetes population by WHO needs to
be avoided by our efforts.

As one of its efforts, the biosensor to monitor blood glucose
level can be expected. Various types of blood glucose biosensors
have been developed for practical use to date. There is a self-
monitoring blood glucose (SMBG) biosensor as the most popular
one. Early SMBG biosensor (although it is still used today) is
finger-prick type and consists of a portable measuring device
and a disposable biosensor chip [1]. For the chip design, we had
many ideas to reduce manufacturing cost, and sample volume,
etc. (over 30 patents applied to PCT) and developed several types
of the disposable biosensor chip, for examples, low costs and
precise sensor manufacturing [8], a minimally invasive sensor chip
[9,10], and a package-free transparent biosensor chip [11,12]. As
subsequent development of the SMBG biosensor, we developed
several types of needle integrated biosensors [13,14], then we also
developed a self-sterilizing lancet to integrate into the biosensor
chip [15].

After that, to avoid blood sampling, the SMBG biosensor was
improved for continuous monitoring [16]. Currently, the SMBG
biosensors are being developed for the next step. Research group
of Wang et al. (USA) and Slaughter et al. (USA) are studying on
the development of wearable non-invasive epidermal glucose
sensors, respectively [17,18], Mitsubayashi et al. are studying
on the development of wireless module to apply to a biosniffer
(biochemical gas sensor for breath acetone) [19], and Cosnier
et al. (France) are studying on the development of implantable
self-powering biosensors, which employ enzymatic biofuel cell
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techniques using blood glucose as an energy source [17,20]. In
the SMBG management, urine glucose biosensors are also play an
important role [21]. To achieve the 3rd goal of the SDGs, clinical
analysis as one of the medical technologies involved in other
diseases is very important, and the biosensors are also expected as
one of powerful tools for clinical analysis [4].

By WHO estimation, cancer is the second leading cause of
death globally, and was responsible for 8.8 million deaths in 2015.
Globally, nearly 1 in 6 deaths is due to cancer [22]. For the cancer
detection using the biosensor, nucleic acid and protein biomarkers
have widely been measured as analytes [23]. These biosensors are
usually employed nucleic acid or antibody which is specific to the
analyte molecule. As a recognition element of nucleic acid, aptamer,
DNase, or RNase is employed [24]. Recently, molecularly-imprinted
polymer (MIP) is beginning to be used instead of the antibody
[25]. Since the concentration of glucose is high around the cancer
tissue, the development of a biosensor for surgical operation is also
under way [26]. The 3rd goal of the SDGs also includes tackling
the problem of HIV/AIDS and malaria [4]. Commercially averrable
biosensor checks for antibodies to HIV in an oral fluid sample [3].
As current biosensor method for HIV, approach using sequence-
specific DNA or sequence-specific MIP is in progress [27,28]. For
malaria as a pathogen, the studies on biosensor is following similar
approaches which are described above.

In general, people wish to live healthy life. By WHO estimation,
the healthy life expectancy at birth was 63.3 years globally in 2016
[29]. Point of Care Testing (POCT), which allows easy examination
and diagnosis due to an increase in lifestyle diseases and an increase
in health consciousness, has received much attention especially in
developed countries. Recently, from such a background, studies on
the biosensors related to POCT have been actively conducted using
mobile devices such as smartphone [30-32]. In addition, micro-
flow systems so called “Lab-on a chip” have also been studied
very actively [33,34]. Perhaps in 2030, many people may have
various biosensors for POCT to keep the healthy life. For healthy
life, we need to pay attention to eating habits. Recently, attention
has been focused on the antioxidant capacity contained in foods,
and we have succeeded in measuring the antioxidant capacity of
ingredients contained in vegetables and green tea using our own
electrochemical method [35,36].

In order to maintain people’s health, it is also important to
ensure the quality of the water source that stores drinking water.
This is related to both the 6th goal “Clean Water and Sanitation”
and the 14th goal “Life Below Water” of the SDGs. However,
nutrient salt released from the sewage treatment plant makes
it difficult to maintain water quality of the water source [37,38].
In order to deal with these problems, we have also developed the
biosensors to measure phosphorus with high sensitivity [39,40].
Organic pollution is occurred after eutrophication by growth of
phytoplankton [41]. Then, we have developed biosensors for fresh
water [42] and see water [43]. For water toxicity monitoring, we
have developed biosensing methods using living yeast cells which
are eukaryote as well as human. One was especially for heavy metal

ion toxicity sensing [44], and the other were new concept toxicity
assay utilizing damped glycolytic oscillation [45,46].

The oscillation waveform was sensitively and complicatedly
changed to various toxicities. We consider that these changes
were a consequence of many stimulates based on the various
metabolic pathways in the living cell, because the glycolysis is an
important system that plays the central role of metabolism. It is
also important to maintain healthy agricultural soil with good
microflora for plants, as the goal is set by the 15th goal “Life on
Land” of the SDGs. However, as it is seen in the Middle East etc.,
migration and refugees occur due to the devastation of agricultural
land, and global concerns are expanding. In such circumstances,
we succeeded in developing a microbial biosensor capable of
diagnosing the condition of agricultural soil [47], and has been put
into practical use for the first time in the world as “Soil Dock™” [48].

Conclusion

In this mini-review, I introduced the biosensors as a tool to
monitor human health conditions and the possibilities as a health
monitor to achieve the SDGs. Therefore, not only the biosensors for
medical use, I also introduced the biosensors for environmental
use that are relevant to the SDGs. The details about the microbial
biosensors to achieve the SDGs are currently under preparation
for publication. When we arrived in 2030, [ am looking forward to
how biosensors contribute to people’s health. Perhaps, it may be a
presence that cannot be separated from the hand or the body like
the current smartphone.
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