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Chapter 1: General introduction

Chromosome higher-order structure has long been studied. One of the information known about chromosome
structure has been that divalent cations especially Ca?t and Mg2?t are required for the organization of
chromosomes. However the detailed information about these cations on chromosome oxrganization is still limited.
The comprehensive study of chromosome higher-order structure and at the same time the development and
introduction of new technologies are necessary to answer this mystery.

For chromosome study, scanning electron microscopy (SEM) has been useful because of its high magnification
and resclution. However, the utilization of SEM is limited due to the time-consuming and multiple preparation
steps. In conventional sample preparation, dehydration and drying could distort the biological structure. In
addition, the necessity of metal coating could also conceal the real surface structure of the samples, The
development of a new method enabling observation of chromosomes without dehydration, drying, and metal
coating would he very effective for chromosome research. Thus, the objective of this study is to develop the new
preparation method for chromosome visualization.

In this study, the ionic liquid (IL) method was developed which enabling sample preparation for chromosome
observation by SEM without dehydration, drying, and metal coating. In addition, this new method was also
combined with helium ion microscopy (HIM), focused ion beam/SEM (FIB/SEM), and transmission electron
microscopy (STEM) tomography, to gain the information of chromosome surface, interior, and 3D structure in

rapid and closer to the native condition.

Chapter 2: The effect of divalent cations on chromosome higher-order structure

Chapter 2 focuses on the effect of Ca?t and Mg?* on chromosome structure observed by optical micros(copy and
SEM, particularly the reversibility of 11-30 nm chromatin particles. Furthermore, the advantages of STEM
tomography in providing 3D chromosome images by tilting the sample stage were also assessed to gain the more
detailed results of chromosome structure in different concentration of Mg2*,

Chapter 3: Uncoated chromosome visualization by helium ion microscopy (HIM)
Chapter 3 presents the advantages of HIM in enabling chromosome without metal coating in high resolution.
The results showed that chromosome could clearly be observed by HIM for the first time even without metal

coating. Different structure of chromosome in different Mg2* concentration was also examined.

Chapter 4: Chromosome observation by scanning electron microscopy using ionic liquid

In this chapter, the advantages of IL method for chromosome observation by SEM are evaluated. The first
chromosome images prepared by IL methed without dehydration, drying, and metal coating are presented.
Optimal conditions for chromosome observation by SEM using I, method including the kind, concentration, and

the combination with Pt-blue staining have also been determined.




Chapter 5: Chromosome interior investigation by FIB/SEM with ionic liquid

In Chapter 5, the IL method was employed to the FIB/SEM which enables us to do slice-and-view the sample
at the same time. This combination yields an insight with regard to different types of chromosome interior: with
and without cavities, suggesting that chromosome interior may be flexible. In addition, it was found that the
existence and sizes of cavities depend on the preparation procedures, The combination of IL method with
FIB/SEM has been demonstrated to be beneficial for chromosome interior imaging in rapid and less laborious

manner.

Chapter 6: General conclusions

In the present work, the effects of divalent cations on chromosome siructure have been investigated.
Furthermore, the limitations of sample preparation for chromosome observation by SEM have been overcome by
developing the IL method. This new method has successfully been demonstrated to be applicable for other
systems including HIM in providing high-resolution chromosome images, FIB/SEM in presenting chromosome
interior information, and STEM tomography in imaging 3D chromosome. These methods enable us to cbserve
chromosome surface and interior in high resolution, rapid, and closer to their native condition by avoiding
dehydration, drying, and metal coating. The results achieved in this study not only would contribute to further

chromosome research but also to the other biological samples visualization.
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PICITHERE L WAy =22« FF U RIyiar s oL o RS (STEM) TEZEn5,

WIZ, FERITHENFT LWBBEE CTH 2~V U A - A AU BEE HIM) (12X D4R miasiE oz, 010 21
A A RIEE IS DR T TR END, ~U U A - A 4 U BEEEIIER O EERITE T HMEE (SEM) TOREE
Ebgsi, HERO I —T 4 T ENLIEL LRWVE, BWBE R S OBEMESHA LM EN D, BT, A
A R A DT L OFEERE SSRGS, B X b b, A A P RIEIEE IR CREOHE TH Y . F0EE
P, REEFEME, LEMEND SEM X HIM OB Z RS 25 LT, fERICARWVET LWBEE B < O TiEen & HifFs
NIDOTH D, EEA A AR 2 SEHERLZ AW 72 355 S I TRV LR R S KRS HI S 4L, 20 BAF 7 B4 2315
LNAEDTH %,

B, PR ONERSE 2 BT 5 B S LTIURA A B — L - JERRE TBEMEEE (FIB/SEM) 28
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