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Since microscope had been invented, microscopists showed various structures
of biological specimens from tissue sections to proteins and microscopy becarhe one of
the most general methods in biology. Microscopy is categorized to light microscopy
and electron microscopy. Various types of light microscopes have been developed by
using the characteristics of photon such as fluorescent, phase contrast, evanescent
wave, and multi-photon excitation. The biggest advantage of light microscopy is an in
vivo imaging. Because specimens for electron microscopy must be set in vacuum
condition, it is difficult to keep the specimen alive in an electron microscope by
current technique. Just as described, light microscopy is useful for various
observations but the resolution of light microscopy is limited by diffraction to about
200 nm. In contrast, because the wavelength of electron is very short (0.0037 nm for
100 kV), the resolution of standard TEM (100 kV) attains to 0.3 nm. For that reason, to
observe small structures that can not be observable by light microscopy, transmission
electron microscope (TEM) is used. However, specimens for TEM are needed to be
processed with several treatments which could alter intact structures in vivo. These
treatments inevitably cause various artifacts such as shrinkage of tissues and
- deformation of ultrastructures of cells.

In common with both microscopies, observation of living specimens with high
resolution is an ideal. As a one of the problems for light microscopy, two-photon
microscopy is possible for in vivo imaging but, observable depth is limited to ~ several
hundred pm from surface by light scattering. On the other hand, electron microscopy
also has another problem that cryo-electron microscopy can manage ultrastructures of
vitreous specimens in the close-to-physiological state but, image contrast of

micrographs is obscure, because major components of biological specimens are light
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elements.

As a microscopic method for biological research, in vivo imaging of deep
portion and high contrast imaging of vitreous specimens are thought of as adequately
important. Therefore, in order to dissolve these problems, he tried to two approaches;
one is in vivo imaging of living animals with a stick-type objective lens, another is
tuning of Zernike phase plate for vitreous complex specimens.

First, he tried to establish the in vivo imaging for deeper organs. In the field of
neuroscience, low-invasive in vivo imaging would be a very useful method for
monitoring the morphological dynamics of intact neurons in living animals. At present,
there are two widely used in vivo imaging methods; one is the two-photon microscope
method, and the other is the fiber optics method. However, these methods are not
suitable for the in vivo imaging of deeper subcortical structures. In his study, he has
developed a novel method for the in vivo imaging of pyramidal neurons in layer V of
the cerebral cortex, utilizing a MicroLSM system and a stick-type objective lens that
can be directly inserted into the target tissue.

In the MicroLSM system, the approaches to Thyl-YFP-expressing cerebral
cortex layer V pyramidal neurons are approached by inserting the stick-type objective
lens into the brain. Entiré basal dendrites, cell bodies, and axonal branches in a layer V
pyramidal neuron were imaged in vivo by th¢ MicroLSM system. The morphology of
the pyramidal neuron imaged by the MicroLSM system élosely resembled that of the
neuron in the fixed horizontal slice preparation observed by the CLSM. By using this
method, we succeeded in obtaining clear images of pyramidal neurons in layer V of the
cerebral cortex under a low-invasive condition.

In this study, he did not try a neuroscientific functional experiment using the

MicroLSM system and show any data for such an experiment. However, the stick-type
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objective lens is able to equip a catheter to irrigate internal tissue with saline or to
drain excess saline. The catheter is considered to be applicable to the staining of
internal tissue. This method would be useful for the analysis of brain dynamic
morphology regulated by posttranslational modification of cytoskeletal proteins, such
as tubulin polyglutamylation, tau protein phosphorylation and tau protein
dephosphorylation. This in vivo imaging technique for deeper organs, tissues and cells
may be useful not only in the field of neuroscience, but also in other fields of biology.

Second, he tried to tune the phase plate for the application of Zernike phase
contrast TEM (ZPC-TEM) to vitreous complex biological specimens. Cryo-electron
microscopy of vitreous specimens is ideal for observation of native biological
ultrastructures. However, it requires a large amount of defocus to gain adequate
contrast with conventional TEM and the defocusing selectively visualize low
frequency component of objects by attenuation of the contrast of high frequency
components. In contrast, ZPC-TEM can recover the contrast of low frequency
components of objects without defocus. However, the ZPC-TEM with a film type
quarter wave plate (FTQW plate) having a 700 nm diameter central hole has another
problem especially in imaging of complex biological specimens such as cultured cells
and tissue sections. Strong halos occurring around specimen structures hinder the
interpretation of images. Therefore, this problem has restricted application of the
ZPC-TEM only to purified small particles. In order to overcome this problem, a new
FTQW plate Awith a smaller central hole was fabricated and tested it on vitreous
biological specimens.

By applying new FTQW plate (central hole diameter is 300 nm), even though
micrifying the central hole increased the intensity of halos, the frequency of halos

became lower. Furthermore, the comparison of phase contrast images acquired with a
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700 nm or a 300 nm diameter central hole FTQW plate showed that though intensity of
halos was stronger but, the image graininess was improved in t.he phase contrast image
acquired with the 300 nm diameter central hole. This improvement of image graininess
would be caused by the recovery of the contrast of lower fre;quency components that
was not recovered by FTQW plate with the 700 nm diameter central hole. As a result,
recovery of lower frequency component improves the fidelity of phase contrast images.
Actually, phase contrast images of quickly frozen cultured cells acquired with FTQW
plate with the 300 nm diameter central hole successfully showed various fine
cytoskeletal filaments. Furthermore, phase contrast images of vitreous brain sections
acquired with FTQW plate with the 300 nm diameter central hole successfully showed
the bridging structures and short filaments binding vesicles. ZPC-TEM with the new
plate successfully visualized the intracellular fine features of cultured cells and brain
tissues in in-focus images. This result indicated that reduction of the central hole
diameter makes ZPC-TEM applicable from prot.ein particles to tissue sections.

Taken together, ZPC zero-loss images shown in this study evidently indicated that
ZPC method gives us opportunity to observe the vitreous specimen with higher fidelity
than the conventional method. As like the CEMOVIS (cryo-electron microscopy of
vitreous sections) and TOVIS (tomography of vitreous sections), he named the
combination of ZPC-TEM and vitreous sections as PEMOVIS (phase contrast electron
microscopy of vitreous sections). The PEMOVIS will be a powerful imaging method,
and .advance the new field of imaging science for close-to-physiological

ultrastructures.
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AR RS E L AFEME,. EFEBEICBVWT “LxT03” He 50
EXREBICTEARITEVRABEESMETHE T2 Z LIFHEETH D, Ll B
LT TWAHRFEMEEIC XD in vivo BLE TIIANE L A Lz EFEREHD
X0 AL, RIS M THET 572 O ICEE TR EEIIRE» 5K 100 pm BEDER
TIBEOLNATWS, —F, EFERSEEE CRABRREBIGEVWE WD D T T A{LEMER
BOBEBITa LV FT A MRHL, BHBEZIE-ZVEET DI LB TERY,

AHETIINSOBBEOREDZD, 2 SOFRBEELZRATVD, —DIINFEHE
BEEIZBWT AT 4 v 7B L v X &V in vivo BIEE, b ) —DIXBEFEMER
T 5 2L EREEWRE O Zernike MIMEETFHEMEL AV EE a2 T X MREETH B,

AT 4y ZERY L XE RV in vivo BIEEILBWT, AT 4 vy 7B L o Xz
FRER T O~ 0 AERICHIA L T, BB EOBELTo R, BT O~ Y X Thy-1
YFPH RO KIMEE S 5 BRI BEINTE, ZORT 1 v 78 L X2 EH
TEHZLIE o TRET TR, TOMOBREIZBWTEH, ZOEBHEEOBENFTRET
hHhdrEEZLND,

Zernike fIHHZEEFEMBEL AWV EEE2ZAEDRBOBEZEORBICBVW UL, £7
BEERAL T D HOLILE 700 nm DAL E AV T v 2 FIAEE 2 % IR SR A R
BEBELE, ZOFECIVHERERRZENEa L T A MTHEINZR, BEBRD
PORMERELS | MRBEFIC A rOHBERR O, BAELIh TV, &2 CTHMEEED
HBD-D, MHEROPLILEEZHB P LI EEOMBEED Y I 2L —Va v 2fTolkl
A, AV TAMOBELHBRET LI A uORHBMMEKROFLILELHEEL TSI L
Boyhotlz, FLILEEZ/NELLTHIE, aV T RAMOBRBIER ALY, HERAT A 2D
BEREI RDZEBREINT, ZOBEEDN, EROHEZIIBWVWTHLELD I LE2ER
B, FOTLE 300 nm OFIARREZ AW THERERFEER O, EEMRSEFEER
BEBELEL, TOBERE, YIal—vartRLEIREREOREEEbLIC, 8FK
BREBHMIAEZERICB W TRORRENLEINTE, LIV AMMERYT 7 R EREBE
A HAESE CIIBERE~ Y ANERBENDA EFLERBLABREDND = FIRXPT
WS EETEDL I EBTRENT,

MHERZAVRWREROETFEME CHIETRAILAVIESR L ORMMEIZEFL
EHEEBEOBE. bLAEX. V7R LERERABOEGS FAMICESISHHBEELZEA
R L UMEET A ENTEENo7=M, FLILE 300 nm DAL % V7= Zernike
MAEZETHEMEBRCLY, EORBEFOSFOMCESI BB EEZHRICBETD
TEDNTREIC Ao, AFEIZL Y, HRORBFABRELETHEMESECHEL - T
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WIEEL OREMBRTDHILENTED, FIZIEHRETIELY OBELHOEESFOR
HBEIDZEHRHONTND, £, EFRELVWIBRHIL MR MRAOEDHIC
BEFPREL R2WHBENFETDIEEZLND, AFECHFICER SN Zernike
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