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   Tottori University Emeritus Professor Keiichi Tanaka, known around the world as an authority 
on scanning electron microscopy (SEM)—passed away in October 2019 at the age of 93.
   In 1966, Professor Keiichi Tanaka had an opportunity to use the first SEM system sold in 
Japan, which he used to capture SEM images of his research focus at the time: crystalline 
structures in the eye. Electron microscopy in those days was considered unsuitable for biological 
samples with substantial water content, but Professor Tanaka had the ingenious idea of infusing 
glycerol into samples, and in this way successfully acquired the first SEM images of biological 
samples in Japan. Thereafter, Professor Tanaka shifted the focus of his research to applying 
SEM to biological samples and increasing the associated magnification; in 1985, while serving 
as the Dean of Tottori University’s Faculty of Medicine, Professor Tanaka worked with Hitachi 
to develop—after many years of dedicated effort—an SEM system with 800,000× magnification, 
the highest of any instrument in the world at that time. This microscope was used to capture 
clear images of the AIDS virus, which were distributed around the world and became a focus of 
intense interest.
   Thus, it was Keiichi Tanaka who opened the door to the development of SEM for life-science 
applications. To commemorate this accomplishment, we organized a special online conversation 
with Tottori University’s Sumire Inaga, a trusted protégé of Professor Tanaka, and Daisuke Koga 
of Asahikawa Medical University, who has continued the development of sample-fabrication 
methods pioneered by Professor Tanaka. In this first part of our conversation, titled “Memories 
of Professor Keiichi Tanaka,” our panelists shared anecdotes from their work with Professor 
Tanaka and discussed their current research.
Note: This program is divided into Part One and Part Two.

Professor Keiichi Tanaka
Former Dean of the Tottor i Univers i ty 
Faculty of Medicine
Recipient, Order of the Sacred Treasure 
and Yonago City Citizen’s Honor Award 
(1997)
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The Usual Image of the Prestigious 
Scholar on a Bike

——Today, in memory of Professor Keiichi Tanaka, 
we are joined by two researchers who knew him 
well to look back on his accomplishments and 
discuss future prospects for electron microscopy. I’d 
like to start by asking our two guests to share some 
of their memories of Professor Tanaka.

INAGA: I expect you’re already familiar with 
Professor Tanaka’s career, but let me start by just 
quickly reviewing it. He graduated from Yonago 
Medical University, the predecessor of today’s 
Tottori University Faculty of Medicine, and, after 
a one-year internship, became a research associate 
in the Department of Anatomy. From that moment 
until his retirement in 1991, he devoted himself 
to research and teaching in the Department of 
Anatomy, and it was while serving as Dean of the 
Faculty of Medicine that he developed the UHS-T1 
ultra-high-resolution scanning electron microscope. 
I regret to say that at that time I was out on parental 
leave, and thus cannot personally recount the step-
by-step process leading up to the development of 
this instrument, but Professor Tanaka described 
it in detail in his book “The challenge of the ultra-
microscopic world: Seeing living organisms at 
800,000× magnification.”
   Technically, my affiliation was not with Professor 
Tanaka’s group—the Second Anatomy Group—
but rather with the First Anatomy Group led 
by Professor Akihiro I ino, a former member 
of Professor Tanaka’s group. Nonetheless, the 

members of our two groups treated each other like 
family, and we pursued our research with a spirit of 
friendly collaboration.
   The focus of my research was elucidating the 
higher-order structure of chromosomes, and, when 
I returned to work one year after the ultra-high-
resolution SEM was completed, Professor Tanaka 
asked me to help verify the performance of the new 
instrument by observing the double-helix structure 
of DNA. Even though Professor Tanaka graciously 
volunteered his own time as an operator to help me 
tackle this challenge, at first things didn’t go very 
well. But, after about a year and a half of repeated 
trial-and-error experimentation, we finally captured 
clear images of the double-helix structure—I still 
remember to this day how thrilled I was to see those 
images.
   One event that always left a strong impression 
on me was Professor Tanaka’s decision to step 
down as Dean of the Faculty after just a single two-
year term. It was traditional for Deans to serve 
two terms, but Professor Tanaka simply said, “I’m 
eager to get back to my research,” and resigned as 
Dean—no doubt to the regret of many of his peers. 
I remember clearly what he said at the time, “I want 
to pilot fighter planes, not passenger jets!” That 
was Professor Tanaka’s unwavering commitment 
to pursuing cutting-edge research. My own feeling 
was something like “Just sitting in the corner of that 
fighter plane is more than enough for me—let me 
join you on your journey!” And I gave everything 
I had to accompanying Professor Tanaka on his 
mission.
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KOGA: That sounds like Professor Tanaka to me. 
He must have been greatly admired by everyone 
who worked with him.

INAGA: Oh, yes. When the ultra-high-resolution 
SEM was complet ed,  some st udents i n t he 
University’s Pop Music club composed and wrote 
lyrics for a song celebrating the achievement, which 
they gave Professor Tanaka as a gift. It was a fun 
song called “The electron-microscope guy is back 
from Shanghai,” and it had lyrics like “He’s the 
anatomy professor that everybody loves” and “The 
very image of the scholar on a bike, whoa! He’s 
the Dean of the super-micro!” In contrast to most 
people at that time, who commuted by car, Professor 
Tanaka rode back and for th to campus on his 
bicycle, and at lunchtime every day he would ride 
home to enjoy his wife’s home cooking. Apparently, 
students would frequently see him riding his bike 
and found the sight adorable.

Warm Words of Praise: 
“You Did an Excellent Job!”

KOGA: I can easily picture that! I didn’t start down 
the research path until af ter Professor Tanaka 
had retired, so I regret that, unlike Professor 
Inaga, I can’t offer personal recollections of his 
years at Tottori, but I definitely remember that 

his paper on the osmium-maceration method was 
a major turning point in my career. When I first 
saw the cross-sectional images in that paper on 
cells captured by osmium maceration, I remember 
being totally overwhelmed, and thinking, “Wow, 
SEM is really capable of visualizing a whole new 
world!” Whereas SEM had previously been limited 
to imaging the exterior of cells, this new method 
enabled the world’s f irst direct visualization of 
structures inside cells, including mitochondria and 
the endoplasmic reticulum. I decided right away 
that I wanted to replicate this fantastic technique on 
my own.
   However, although I tried to follow the method as 
described in the paper, things didn’t go very well. 
I spent day after day searching by trial and error 
on my own to find the ideal parameter settings that 
would lead to successful images—or to discover 
the key trick that wasn’t mentioned in the paper. 
Eventually, during my years as a graduate student, I 
finally figured things out, and images of cells that I 
acquired via osmium maceration were featured on 
the cover of a certain scientific journal four times 
in a single year. This journal also carried a column 
by Professor Tanaka, and he must have graciously 
taken the time to look at my images, because after 
the first one was published I received a letter from 
him.
   In the letter, he had written, “I saw your image. 
You did an excellent job!” I remember reading 
that compliment and feeling truly over joyed. I 
immediately wrote back, and thereafter Professor 
Tanaka and I continued exchanging letters right up 
until he passed away. Back when I was a graduate 
student and my research trajectory was still very 
uncer ta in, he went out of his way to express 
warmth and take me under his wing. And, after 
that, whenever I was having trouble in my research 
and asked him for advice, he would always give me 
helpful suggestions—he really provided spiritual 
support in that way.
   I’ll also never forget when I visited his home in 
Tottori and enjoyed Mrs. Tanaka’s delicious home 
cooking. To me, the opportunity to interact with 
someone like Professor Tanaka—someone you 
could really respect, both as a researcher and as a 
human being—was an irreplaceable treasure.

INAGA: I think it’s very impressive that you were 
able to master the osmium-maceration method on 
your own!

The lyrics to a song about Professor Tanaka written by Tottori 
University students.
One gets a sense of the affinity with which the students viewed 
their famous mentor.
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KOGA: Thank you. You might call it stubbornness 
on my part, but asking Professor Tanaka to teach 
me about his method always seemed wrong to me. 
To me, the most important thing was to succeed in 
fabricating clean samples entirely on my own—and 
then to have Professor Tanaka praise my work. That 
was the goal on which I focused all my effort.
   Nowadays, I myself get asked all k inds of 
questions, but I tend not to like it when students ask 
me to explain everything from the very beginning. 
It’s important for students to get their own hands 
self-studying around with things first! I’m hoping to 
pass this point of view on to the next generation of 
researchers as well.

Beauty is truth, truth beauty.

INAGA: Professor Tanaka himself was not the type 
of person to say this or that about imaging methods 
or other techniques. But he was extremely strict 
when it came to getting results—he was always 
saying “no matter what, be prepared at all times 
to take beautiful pictures.” I really think beauty 
was the most important criterion in his mind. The 
attitude that “as long as the image is true, that’s all 
that counts” is common in electron microscopy, 
but Professor Tanaka rea l ly ca red about the 
composition of the image—“if the picture isn’t 
beautiful, it won’t convince anybody,” he used to 
say. I used to show him images I had captured, and 
he would say “Hmmm, your image composition is 
a little lacking—why don’t you go to an art museum 
and look at some paintings to see how it’s done?” 
And I would go back and recapture the image, or 
if I couldn’t recapture the image I would try to do 
something clever with the trimming or something 
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like that, and eventually I came to appreciate the 
importance of beautiful images on my own terms.
   The English poet John Keats famously wrote, 
“Beauty is truth, truth beauty.” Professor Tanaka 
took these words to heart, and they lay at the root of 
all his value judgments.
   I mentioned before that it took about a year and 
a half to image the double-helix structure of DNA. 
The fact that Professor Tanaka was even willing 
to wait that long testifies again to his unwavering 
commitment to beauty—and to the depth of his 
resolve. Nowadays everything is always expected 
to be delivered in speedy fashion, but I think it’s 
time we took a step back and remembered Professor 
Tanaka’s strict attitude toward high-quality results—
and the patience he showed in being willing to wait 
for them.

KOGA: With regard to the idea of beauty, I feel 
the same way—if you’re going to capture images 
you should insist on capturing beautiful ones. 
Obviously, this is particularly essential if you’re a 
morphologist, but I think many of the pioneers of 
electron microscopy, not just Professor Tanaka, 
were sticklers for beauty as well. For example, 
no matter how important a sample may be, if the 
sample has any dirt on it I simply won’t take a 
picture of it, no matter what. Instead, if possible 
I’ll make a new sample all over again from scratch. 
But, in practice, I think relatively few people insist 
on beauty. As Professor Inaga says, these days all 
the focus is on getting results quickly. This may be 
inevitable in a results-driven world, but I do think 
that among electron microscopists the philosophical 
aspect of our work—the question of what do I really 
want to show?—is getting short shrift.
   To improve this situation, I think it would be ideal 
if there were more opportunities to learn things like 
electron-microscope imaging techniques. Even if 
that proves too difficult, I myself plan to continue 
insisting on taking beautiful images—and in this 
way to communicate the beauty of our field to the 
rest of the world.

Applying Low-vacuum SEM to Renal 
Biopsies

——Professor Inaga, I understand your work has 
focused on elucidating the higher-order structure of 
chromosomes. Could you tell us a little about your 
current research?

Example of an osmium-maceration SEM image
THE HITACHI SCIENTIFIC INSTRUMENT NEWS Vol.7 (2016)
Serial-section scanning electron microscopy
https://www.hitachi-hightech.com/global/en/sinews/si_report/07054/
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INAGA: I retired from the University in March 
2018, and since then I’ve been working as a project 
researcher to continue my collaborative research 
with Hitachi High-Tech. The main focus of my 
research is establishing a diagnostic method for 
renal biopsies using low-vacuum tabletop SEM 
systems.
   I started analyzing pathological tissue in the 
kidney in 2008, but in fact for some time before 
that I had been working on low-vacuum SEM 
observations of pathological tissue. Low-vacuum 
SEM allows observation of samples with high 
water content such as living tissue, as well as 
electrically insulating samples, without complicated 
preprocessing, and the simplicity of the procedure 
got me wonder ing why we couldn’t use it for 
biopsies. However, I’m not a clinician, so I wasn’t 
sure which kinds of tissue would be the most 
desirable targets for something like this. That 
was when a colleague f rom Hitachi High-Tech 
who worked on transmission electron microscope 
(TEM) said, “Why don’t you look at kidney tissue? 
Because there’s already an established TEM-based 
diagnostic method for that.” So, I shifted my focus 
to renal biopsies.
   At the time, I was just a research associate and 
didn’t have much research funding, so I borrowed 
lab space and prototype instruments from Hitachi 
High-Tech and collected slides from pathologists 
and kidney specialists, which I was able to organize 
into several publicat ions. This work was not 
immediately recognized by clinicians, but my 
colleague from Hitachi High-Tech and I worked 
together to give a series of solid presentations at 
microscopy conferences and anatomy conferences, 
and eventually my work started to attract some 
interest.
   One of the f irst people to pay attention was 
Emeritus Professor Nobuaki Yamanaka of Nippon 
Medical School, a well-known authority on kidney 
pathology, who graciously agreed to chair the 
Renal Biopsy LVSEM Research Group* that we 
established in 2017. Since then, a number of other 
professors have recognized the promise of our 
work, and we’re currently moving forward toward 
establishing a diagnostic method with clinical 
applications. Although it’s taken 10 years, I feel 
blessed that my research has gotten to see the light 
of day and seems increasingly likely to be of value 
to society.
   A no t h e r  f o cus of  my r esea r ch,  a l so  i n 
collaboration with Hitachi High-Tech, is the use of 

focused Ion beam (FIB) systems to study the higher-
order structure of chromosomes. As I mentioned 
previously, this is something I’ve been working 
on for more than 40 years, and the reality is that, 
although the decoding of the DNA base sequences 
has progressed dur ing that t ime, the detailed 
st ructure of chromosomes is st i l l not clea rly 
understood. Shedding light on this subject is one of 
the goals of my research.
*THE HITACHI SCIENTIFIC INSTRUMENT NEWS Vol.9 (2017)
Examination of the light microscopic slide of renal biopsy specimens by utilizing 
Low- vacuum scanning electron microscope
https://www.hitachi-hightech.com/global/en/sinews/si_report/090202/

—— If low-vacuum SEM observation of renal 
biopsy specimens can be developed for clinical 
applications, will there be significant benefits for 
patients and medical institutions?

INAGA: Absolutely. There will be several benefits, 
of which perhaps the most important will be a 
reduced burden on patients. In general, observation 
and diagnosis of living tissue—not just kidney 
tissue—requires collecting tissue samples and 
preparing paraffin sections for optical microscopy. 
For k idney t issue, diagnosis via TEM is a lso 
possible, but this requires collecting new samples 
separate from the samples used to prepare paraffin 
sections. In contrast, diagnosis via low-vacuum 
SEM can be done with standard paraffin sections 
prepared as usual. This is the greatest advantage of 
the technique.
   Also, TEM-based electron-microscope diagnosis 
requires specialized knowledge and expertise to 
prepare samples and make diagnoses, which usually 
entails outsourcing to a specialty testing company—
which is expensive and time-consuming. Low-
vacuum SEM systems are sufficiently inexpensive 
and easy to use, so they can be installed in any 
medical institution and used for routine pathology 
screening.
   There has also been progress in methods for 
sta ining samples. In the early days, a signal-
amplifying agent called platinum blue—developed 
by Professor Tanaka—was used, but since then 
we’ve learned that observations are also possible 
using the same periodic acid-methenamine-silver 
(PAM) staining process commonly used for paraffin 
sections. This means that samples prepared for 
observation via conventional approaches can be 
observed as-is via SEM, yielding more fine-grained 
data than are available via optical microscopy 
and promising earlier diagnosis of pathologies. In 
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particular, with the frequency of kidney transplants 
on the rise in recent years, this method will allow 
earlier detection of—and response to—transplant 
rejections, i.e., symptoms of transplanted kidneys 
being rejected due to immune response. This will 
also be a major benefit.

Wanting to See Full-body Images of a 
Golgi Apparatus

——Professor Koga, I understand your research 
involves analyzing the morphology and function of 
organelles via SEM.

KOGA: There a re a number of  3D imaging 
techniques for analyzing the ultra-structure and 
morphology of living organisms, but the ones I’m 
focusing on presently are osmium maceration 
and serial-section SEM. Serial-section SEM is a 
brand-new technique in which a few hundred to a 
few thousand ultra-thin sections are sliced from a 
specimen embedded in resin and these slices are 
observed in sequence via SEM, with any regions of 
particular interest analyzed via 3D reconstruction. 
I believe our group was the f i rst in Japan to 
successfully establish this method.
   Osmium maceration is a technique in which 
the so-called f reeze-fracture method is used to 
prepare clean slices of cells, the soluble proteins are 
then removed from the cell cross section, thereby 
selectively retaining only the cell membrane. 
This is a very attractive imaging technique, and 
it is a powerful tool for ultra-high-resolution 3D 
imaging of local features when observing cell cross 
sections—but it is not ideally suited to capturing full-
body images of organelles that extend throughout 
the cell interior. I am particularly interested in the 
organelles known as Golgi apparatuses, which are 
much larger than mitochondria and sometimes 
even nuclei, and which cannot be fully observed 
just by looking at cross-sectional images. Professor 
Tanaka used osmium maceration to observe Golgi 
apparatuses, but this approach is best suited to 
observations of detailed structure in the Golgi 
cisternae that layer together to comprise the Golgi 
apparatus. In contrast, I felt strongly that I wanted 
to see full-body images of Golgi apparatuses, which 
is difficult to do via osmium maceration—and which 
led me to try serial-section SEM.
   When you think of a Golgi apparatus, the image 
that comes to mind is probably the common 
textbook diagram of bag-like Golgi cisternae piled 

atop one another. However, as was demonstrated 
in an article in SI NEWS*, the actual 3D structures 
of  Golgi appa rat uses a re compl icated—and 
nothing like the textbook diagram. Thus far we 
have shown that the shapes of Golgi apparatuses 
differ signif icantly depending on cell type and 
functional state; going forward we are working to 
understand the basic shapes of Golgi apparatuses 
in a wide variety of cells, and we are hopeful that 
this research will prove useful for understanding 
pathologies cha racter ized by mor phologica l 
changes in these organelles.
*THE HITACHI SCIENTIFIC INSTRUMENT NEWS Vol.7 (2016)
Serial-section scanning electron microscopy
https://www.hitachi-hightech.com/global/en/sinews/si_report/07054/

——Tell us about the advantages and challenges of 
serial-section SEM.

KOGA: Performing serial-section SEM observations 
in practice requires developing a stable slicing 
technique for preparing ultra-thin sections of 
samples. When choosing observation subjects, it’s 
also important to keep in mind that the thickness 
of the ultra-thin sections is closely related to the 
spatial resolution in the z-direction.
   Aside from serial-section SEM, other 3D imaging 
techniques include FIB-SEM, in which an FIB 
system is used to shave down a sample surface while 
observing it. This approach can cut resin-embedded 
sample blocks with a pitch of a few nanometers, 
yielding high z-axis resolution. On the other hand, 
because this method is dest ructive, repeating 
previously-captured images is impossible. The same 
is true for another method: serial block-face (SBF)-
SEM, in which a diamond knife installed inside 
the SEM specimen chamber is used to cut sample 
cross sections as they are observed. Serial-section 
SEM has the advantage of enabling samples to be 
preserved semi-permanently, allowing images to be 
captured and re-captured any number of times.
   Other advantages of serial-section SEM include 
the ability to analyze wide sample regions by 
enlarging the size of the section block and the 
fact that observations can be made with any high-
resolution SEM system, without the need for any 
specialized equipment. Of course, every method 
has its advantages and disadvantages, and the best 
strategy is to choose the optimal method based on 
the subject and goals of your observation.
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——Preparing serial sections sounds quite difficult.

KOGA: Yes, it seems many people find that to be 
a major hurdle to overcome. In our case, it took 
almost 2 years to develop our technique, but we 
were absolutely committed to viewing full-body 
images of Golgi apparatuses no matter what, so we 
worked with Assistant Professor Satoshi Kusumi 
of Kagoshima University for as long as it took to 
achieve our objective. But isn’t that what research 
is a l l about? You a re const ra ined by va r ious 
limitations, but you focus on what you want to 
learn and use all your knowledge and energy to 
get there. For us, as long there’s some object—some 
structure—that we want to observe via SEM, we 
will spare no effort to make that observation.
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   For those of us who are following in Professor 
Tanaka’s footsteps, the crucial mission is to develop 
the SEM system that he built with Hitachi High-
Tech as an academic tool. Of course, Professor Inaga 
didn’t stop there, but pressed onward to extend the 
power of electron microscopy into the domain of 
clinical testing, which I think is absolutely fantastic.

INAGA: Yes, even Professor Tanaka was surprised 
and delighted to learn about clinical applications 
of low-vacuum SEM. Of course, Professor Tanaka 
focused on the potential of low-vacuum SEM from 
an early stage—he started researching applications 
after he retired from the University, some 26 or 27 
years ago. He was convinced that the advantages of 
the low-vacuum SEM, which can be installed even 
at home and used to observe biological samples 
with high water content, had the potential to open 
up brand new worlds of discovery. In April 2000, he 
opened the Tanaka SEM Laboratory in his home, 
and for many years he was a devoted user of the 
S-2460 Natural SEM.
   When Professor Tanaka first became interested 
in low-vacuum SEM, he was ahead of his time, and 
his work didn’t attract much interest. But, more 
recently—and thanks in large part to Hitachi High-
Tech’s work developing new systems—low-vacuum 
SEM has become a ubiquitous tool. I’m convinced 
that the availability of tools that were easy to 
use played a key role in expanding the world of 
potential applications to include medical diagnoses 
and other new domains.

Note: Continued in Part 2

Procedure for 3D reconstruction of serial-section images
THE HITACHI SCIENTIFIC INSTRUMENT NEWS Vol.7 (2016)
Serial-section scanning electron microscopy
https://www.hitachi-hightech.com/global/en/sinews/si_report/07054/

Capturing of serial-section 
images

Stacking of serial-section 
images

Alignment and 
segmentation

Analysis of 
organelles

3D reconstruction

Original paper written in Japanese "Memories of Professor Keiichi Tanaka: Pursuing—and Communicating—Beauty in 
the Form of Truth (Part One)" has been translated to this English version by Hitachi-High Tech Corporation.


