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Abstract
In this second instalment of the Biophysical Reviews’Meet the Editors Series we hear the story of Prof. Kuniaki Nagayama, one
of the five Executive Editors of Biophysical Reviews.

In front of exhibition panels showing small sea creatures

In my role as Executive Editor of Biophysical Reviews, I
have been asked to provide a short description of my life and
research for the readers of Biophysical Reviews. I have tackled
this request in roughly chronological order.

Boyhood (1950s)

Science fiction poet Ray Bradbury has a short story collection
S Is for Space. It was a collection of his masterpieces from the
time when Sputnik’s photographs were all over the newspa-
pers and everyone dreamed of future adventures in space. In
my boyhood, not only space but science also held a rosy
dream and future. Looking back on those days, I feel like I
was aspiring to science in a natural way following the trends
of that era. However, boys cannot distinguish between science
and technology. Edison was the scientist by whom I was most
impressed among those I met through the world of scientific
biographies. The presented vision of Edison (probably
adapted from biographers and different from the real image),
was, for me, at that time, what constituted a true “inventor”—
indeed to my young mind, science was invention. My passion
for inventions distinguished my elementary school days.
Summer vacations had to be always the season of invention.
Devising teaching materials used in science classes and pro-
viding them to the class teachers satisfied my inventive spirit. I
also learned at that time that there was sweet temptation of
appreciation of my teachers and praise of my friends for each
deed of invention.

Adolescence (1960s)

When did the end of boyhood come? It is clear that it did not
come suddenly one day, but recalling the past, I think it was
from the second year of junior high school. I encountered
Gauss, a great mathematician through reading about his ap-
proach to the famous addition problem from 1 to 100. Maybe
you have read about it in a biography about Gauss.
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Immediately I was fascinated by mathematics and mathemat-
ical thinking. Here, there was a world of science and intellect
different from craftsmanship and technology, a world of rea-
soning that cannot simply be mastered by trial and error. The
mighty Edison, whose feats I so longed to emulate, had dis-
appeared frommymind before I realized it. This direction was
further strengthened by the encounter with a physics teacher
during my first year at Takasaki High School. He demonstrat-
ed how to solve the difficult acceleration problem in force
very easily. I was informed that there was some magic called
“differentiation” behind the problem. I came across a concept
of “physics” that I had never imagined. My reverence to the
academic studies of physics sprung up upon realizing the ex-
istence of so pleasant a partnership between mathematics and
natural phenomena.

In my first year at the University of Tokyo, I passed
through the barriers that everyone in science and technology
should pass, ε (small amount) and Δ (small change), and
realized that it was time to go on to major in the third grade.
Apparently, there is something interesting about disciplines
other than science. Modern economics seem to have a lot to
say and do, and the neural system seems so interesting. Indeed
in both cases, it seems that the differential equation can de-
scribe a number of “laws.” But, after all, I did not have any
chance to meet influential seniors or teachers in these fields.
Instead I chose physics as my major. After 2 years of physics
training, the graduate school was waiting. The jewel of phys-
ics in the 1960s was elementary particle physics. However, the
teachers warning that “elementary particles cannot eat rice”
and the inner whisper of “too far away from humans” made
me choose the most “human” discipline, biophysics. In 1968,
I joined the Akiyoshi Wada Laboratory at the Department of
Physics, The University of Tokyo. It was here that I first met
real science.

The heyday (1970s–1995)

To tell the truth, I have been supervised by Prof. Wada for
more than 50 years. At the beginning of the 1980s, we
cochaired a research group called “Measuring Life” sponsored
by a Science and Technology Association. Indeed it was this
measuring life group which decided my research style. In
short, “Biometrology (molecular-level Biometrics)” is a suit-
able condensed summary of the 50-year history of my re-
search life. In order to measure life precisely, you have to
make a measuring sword. It was Prof. Wada who told me that
there was science in the invention of biophysical tools. After
the rigors associated with 5 years of Ph. D. course, I returned
to the admiration that I had for Edison in my boyhood. After
all, invention became meaningful again. Moreover, beyond
my boyhood, I learned that a discovery in science could be
led by an invention of novel rulers or measurement tools.

Good seniors will show you the way. My second important
encounter to come through the medium of the written word
was in a dissertation subscription seminar led by Yuzuru
Fushimi; the author in question was Richard Ernst of the
Federal Institute of Technology Zurich (ETH). My encounter
to the Ernst Nobel Prize-winning paper on the pulsed FT
NMR [Ernst andAnderson 1966] determined the next 25 years
of my research life. A unique technology of “measurement”
had emerged as a science linked to the mathematical theory of
FT (Fourier transform). The connection between Edison and
Gauss became a form, a substance, and a manifestation. I
discovered such a subject that I could do best and survived
my graduate school days studying NMR.

In the summer of the second year of graduate school
(1972), I was in Moscow for a presentation at the
International Conference on Biophysics. The conference
overwhelmed the audience with Oleg Jardetzky keynote lec-
turing on his NMR research on deuterated nuclease, which
was said to have cost a million dollars at the time. Kurt
Wüthrich was there, listening to my Ph.D. work [Nagayama
andWada 1972] (Fig. 1), which was covered inNature [News
and Views 1973]. This paper later led me to 3 years of study
abroad in Zurich, and 5 years later, I did compete with
Jardetzky in two-dimensional (2D) NMR development.
While I still fondly recall that summer of travel through mid-
dle Asia following the international conference (and accom-
panied by my colleague, Hidekazu Hayashi), I could never
forget my fateful encounter with Wüthrich.

Despite having the good luck to be employed as an
Assistant Professor at the Wada Laboratory immediately after
the graduate school, the handicap was that I did not have my
own freely usable NMR system. Meanwhile in 1975,
Wüthrich sent me a letter from ETH. It was an invitation to
join him in a project to apply 2D NMR to proteins, which was
planned to start from 1976with Richard Ernst. Of course, I fell
into raptures over it, as I could go to ETH where Ernst was
leading a NMR group and I would work with him, which had
been my long-standing dream. Then anxiety surged. What is
2DNMR? The draft of a paper sent fromWüthrich, which had
been accepted later [Aue et al. 1976] and finally awarded to
the Nobel Prize in Chemistry, was like a rare form of Chinese
text. Anxiety about foreign countries and incomprehensible
physical concepts overlapped. However, Ernst’s attraction
won, and I landed in Zurich as the first postdoc of the first
Ernst-Wüthrich joint project in November of 1976. Following
my arrival, research work between Ernst, Wüthrich, and I
went ahead in leaps and bounds for 3 years. Details are given
in references [Nagayama et al. 1977; Nagayama et al. 1978;
Nagayama et al. 1979; Nagayama 1979; Nagayama et al.
1980; Nagayama and Wüthrich 1981].

After returning from Switzerland, my seemingly perpetual
quest for usable NMR equipment continued. Fortunately, the
Institute for Protein Research at Osaka University was
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opening devices for collaborative researchers, and they made
a position available to me for 4 years. During this time, I was
able to continue the development and application with 2D
NMR and was successful to have the NMR community in
Japan become convinced of its capability in biophysics
[Nagayama et al. 1983]. However, as I had been an
Assistant Professor in the Wada laboratory for more than
10 years, I felt it was time to leave the University of Tokyo
in any way and began to look for the next workplace. Bruker
Ltd., the NMR production company familiar to me in my
experiments in Switzerland, offered me the position of the
Far East Manager, but I eventually transferred to JEOL Ltd.
on the condition that a new laboratory, Biometrology
Laboratory, was settled for me. For 10 years, I could enjoy
the development of 2D NMR without the restraint on lack of
equipment that I had once experienced. Importantly it was at
this time that I had the privilege to work together with such
young geniuses as Toshimichi Fujiwara [Fujiwara and

Nagayama 1985; Fujiwara and Nagayama 1988; Fujiwara
and Nagayama 1991; Fujiwara et al. 1993] and Toshio
Yamazaki [Yamazaki et al. 1991; Yamazaki et al. 1993;
Yamazaki et al.]. I fondly recall the excitement of research
during this period and the breathtaking tension at that moment
when I challenged ETH for a competition in heteronuclear 3D
NMR development [Nagayama et al. 1990]. However, despite
our efforts, the ETH school won that competition, and all
achievements were credited to them. Such stories represent a
hard truth in science – the history of science is often represent-
ed in the name of just one or two individuals at the end of a
long race. However, there was no objection to the 1991 and
2002 Nobel Prize in Chemistry being given to two seniors,
Ernst and Wüthrich, with whom I enjoyed working closely
with in the beginning of my thirties.

In the late 1980s after the NMR race, I was trapped by
a feeling of weakness. I tried to seek an outlet toward a
completely different field, and, partly due to luck, I was
able to lead a huge national project, the ERATO Protein
Array Project supported by the Science and Technology
Agency between 1990 and 1995 [Yoshimura et al. 1990;
Denkov et al. 1992; Kralchevsky et al. 1992; Denkov
et al. 1993; Kralchevsky and Nagayama 1994; Adachi
et al. 1995; Dimitrov and Nagayama 1996;]. During that
time, I moved from JEOL to the University of Tokyo
(Komaba campus), and NMR became a thing of the past.
Nevertheless, neither the technical innovation of protein
arrays nor the education in Komaba satisfied my scientist
soul. Meanwhile, another encounter came. And the next
leap was born.

Matured period (1995~)

I think it was in the late 1995 when an aged gentleman visited
my room in Komaba. It was Dr. Kiyoshi Hama, the director of
the National Institute for Physiological Sciences (NIPS) in
Okazaki. He remembered my collaborative works done with
Teruhiko Toyo-oka [Toyo-oka et al. 1986; Toyo-oka et al.
1987], a physician at the medical school of the University of
Tokyo around 1985, a medical NMR study on rat heart. He
intended to confer the professor position of MRI study on me,
but since my mind was far away from NMR, I spoke a
completely different research idea to him, a molecular physi-
ology, namely, analyses of intracellular protein structures by
cryo-electron microscopy (EM). It turned out later to me that
Dr. Hama was one of the pioneers of ultrahigh-voltage EM,
which had breathed new air into neuroanatomy [Hama 1959].
A perfect EM layman told an ultra EM expert about his dream
with EM, so he might have been quite amazed. I probably
exhaled my gloominess to my future teacher. After a short
while, I was invited to NIPS for a post of professorship and
encouraged to start an EM laboratory by Hama, who actually

Fig. 1 A NMR spectrum that fixed the controversy in the NMR
community in the 1960s to 1970s on the helix-coil transition rate problem
[Nagayama and Wada 1972]. Refer to News & Views, Nature 243: 186–
187 (1973) for details
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supported me by guaranteeing a huge budget for the world’s
best electron microscope of JEOL 300 kVat that time.

If there is “God of science,” how many times will he smile
at a scientist in his life? It was on a super-express train
(Shinkansen) heading from Tokyo to Okazaki in December
1997 that his greatest smile beamed down upon me. This was
the moment of the revelation of a metrological idea called
“Complex Observation of Electron Waves”, a complete mea-
surement method for recovering amplitude and phase of elec-
tron waves (refer to Fig. 2). The details are left to the papers
published from 1999 to 2011 [Nagayama 1999; Danev and
Nagayama 2001a; Danev and Nagayama 2004; Hosokawa
et al. 2005; Nagatani and Nagayama 2011], but I cannot forget
the feeling of floating after the revelation. It is a feeling that I
was the only person to reach this truth in the world.

The development of phase-contrast electron microscopy
started with the need to realize this complex observation
EM. Since complex observation is an observation of the orig-
inal complex amplitude for electron waves and can be realized
by a complex combination of the normal one yielding the real
part and the phase contrast one corresponding to the imaginary
part, the development of the phase-contrast method, which
had been incomplete at that time, was inevitable.
Fortunately, in 1998, Radostin Danev (from Bulgaria) en-
rolled in the Graduate School of Physiological Sciences at
SOKENDAI and so the development could get smoothly
started. The phase-contrast method using a Zernike phase

plate had a performance much better than expected [Danev
and Nagayama 2001a] with the 300 kV EM, which was a
treasure machine able to be introduced with the aid of
Hama. However, Danev and I soon painfully recognized that
it was beginner’s luck, even though the Zernike phase-contrast
paper of 2001 has frequently been cited as a classic [Danev
and Nagayama 2001b]. A huge barrier to reach the perfect
phase-contrast method, which had been unsuccessful for near-
ly 50 years, stood before us. This was the “phase plate charg-
ing problem.”

In short, development of phase-contrast EM depends upon
the development of a technology for avoiding the charging of
phase plates. The three main factors affecting the charging
phenomenon are (1) conductivity of the material consisting
the phase plate, (2) contamination on the phase plate surface,
and (3) differences in the phase plate shape (specifically,
Zernike phase plate or Hilbert phase plate). Workarounds for
the three factors are (1) the use of a conductive light element as
the phase plate material, (2) the application of various cleaning
techniques including a carbon film rapping to embrace con-
taminants, and (3) preferential use of the Hilbert type of phase
plate as being easier to avoid charging [Danev et al. 2002;
Kaneko et al. 2005; Kaneko et al. 2006;]. A long-life phase
plate can be obtained only by integrating these three measures.
A fairly fine technology for making antistatic phase plates was
gained in 10 years of development from 2001 tomy retirement
year (2011), and high contrast EM images could be routinely

Fig. 2 From the paper [Danev and Nagayama 2001a] that proved the effectiveness of complex observation in EM. The pure phase and pure amplitude
image are obtained through a complex image virtually made in computer with a complex combination of the conventional and Zernike phase plate image
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obtained for various biosystems [Shimada et al. 2007; Danev
and Nagayama 2008; Yamaguchi et al. 2008; Danev et al.
2010; Rochat et al. 2011; Fukuda and Nagayama 2012;
Dai et al. 2013], but it was not completed in terms of extend-
ing the life of phase plates. Then, in 2014, Danev proposed a
Volta phase plate that fixed the issue of phase plate life with
the reverse idea of using charging itself [Danev et al. 2014]
and tentatively completed it.

Before leaving Okazaki, where I had been till the retire-
ment age, I undertook two EM innovations in parallel with the
development of phase-contrast EM. Those were a photon/
electron hybrid microscope where a light microscope and an
electron microscope are truly combined in one device and a
500 kV linear accelerator transmission electron microscope
(Linac-TEM) that combines a linear accelerator, a linear de-
celerator, and a TEM. The former is a new microscope that
can simultaneously observe the same field of view of a sample
with photon and electron [Iijima et al. 2014; Nagayama et al.
2016] and is different from the CLEM (Correlative Light and
Electron Microscope) that off-line combines separated optical
and electron microscopes. The 500 kV Linac-TEM is a revo-
lutionary technology that enables the miniaturization of
ultrahigh-voltage TEM by replacing the DC accelerator of a
normal EM with an RF accelerator [Sannomiya et al. 2019]

(Fig. 3). Development of the 500 kV Linac-TEM was a real
technological challenge and three colleagues, Yoshihiro Arai,
Yukinori Nagatani, and Takumi Sannomiya, had to spend
10 years to complete it. Fortunately, it attracted the media
attention and has been highlighted in Nature [Research
Highlights 2019]. The first (Fig. 1) and last (Fig. 3) work in
my 50-year academic life are both coincidentally underlined
by Nature.

Endless transbordering journey (2014~)

The God of science would never smile upon me again, or so I
thought, but 5 years after retirement, after turning 70 years old
in 2016, he indeed did smile once more. This time it involved
the discovery of the four-dimensional reciprocity theorem in
electron microscopy. Leveraging this theorem, I realized that I
could convert a 4D STEM into a 4D TEM, and again, the
floating feeling once encountered when I discovered the com-
plex observation came back to me. Moreover, it led me to
expect that the 4D TEM had the potential to improve sensi-
tivity over the 4D STEM. The biggest challenge in biological
EM, which has an electron dose limit due to material destruc-
tion, has always been in the sensitivity improvement.

Fig. 3 From the paper [Sannomiya et al. 2019] that demonstrated the feasibility of the high-resolution Linac-TEM at an ultrahigh voltage. Refer to
Research Highlights, Nature 574: 456–456 (2019) for details
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Expectations that deepening the 4D TEM may open up new
innovations in sensitivity to biological EM have evoked the
inner voice, “Stop the easy life after retirement and return to an
active research life.”.

Here I will open the secret of my academic transbordering.
In my twenties, I met Ernst’s pulsed FT NMR and was fasci-
nated by the bottomless power of the Fourier transform. Since
then, I have been trying to be a good user of FT, and thanks to
that I was able to have an open fight with 2D NMR and 3D
NMR.My decision to transborder from NMR to EMwas also
guided by the FT relationship between images and diffractions
in EM. Crossing the border was not necessarily a pain as
turning to EMmeant FToptics to me. However, the discovery
of the 4D reciprocity theorem and 4DTEMmeant that I had to
meet the limitations of FT optics. The challenge of jumping
from the conventional 2D TEM to 4D TEM could not be
overcome with the FTsword. After more than 2 years of twists
and turns, I met the Wigner distribution function (WDF).

In 4D microscopy, an image is observed in a form of 4D
function integrating the real and reciprocal space. On the other
hand, WDF is based on a 4D space that combines the real and
reciprocal space. The compatibility of both seemed to be
good. In FT optics, two 2D functions that are expanded in
the real and reciprocal space, respectively, are used, while
the WDF treats both in an integrated form in a 4D space.
My intuition that here was something new was probably due
to my successful experience in leaping from 1D NMR to 2D
NMR. I was rather willing to take the struggle associated with
the leap from 2D to 4D in TEM. Two years later, in 2018, I
was able to find a master equation that could guide 4D mi-
croscopy with a WDF formulation. It is opening a rejuvena-
tion from Fourier optics to Wigner optics [Nagayama 2020]
and has opened a venture, N-EM Laboratories, in Tokyo in
February of 2019.

As one of the aged trying to pursue the 100-year research
life, looking back on the past is not to be encouraged.
Nevertheless, I did not decline to contribute to Biophysical
Reviews upon a request for a “Meet the Editor” piece. If I
could make any scientific contributions, as I have here de-
scribed, it was because I could have so many joyful encoun-
ters with enlightening people, including those I could not de-
scribe here due to the page limitation. They pushed me to go a
step further toward something resembling a leap. Particularly I
owe a great debt to Dr. Hama, who passed by last year leaving
me the irreplaceable discipline of electron microscopy. I
would like to dedicate this essay to the late Professor Hama.
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