
Accepted Manuscript

Elemental composition and ultrafine structure of the skeleton in shell-bearing
protists—a case study of phaeodarians and radiolarians

Yasuhide Nakamura, Izumi Iwata, Rie S. Hori, Naomi Uchiyama, Akihiro Tuji,
Masaki J. Fujita, Daiske Honda, Hiroaki Ohfuji

PII: S1047-8477(18)30156-4
DOI: https://doi.org/10.1016/j.jsb.2018.06.008
Reference: YJSBI 7209

To appear in: Journal of Structural Biology

Received Date: 11 May 2018
Revised Date: 28 June 2018
Accepted Date: 29 June 2018

Please cite this article as: Nakamura, Y., Iwata, I., Hori, R.S., Uchiyama, N., Tuji, A., Fujita, M.J., Honda, D., Ohfuji,
H., Elemental composition and ultrafine structure of the skeleton in shell-bearing protists—a case study of
phaeodarians and radiolarians, Journal of Structural Biology (2018), doi: https://doi.org/10.1016/j.jsb.2018.06.008

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers
we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and
review of the resulting proof before it is published in its final form. Please note that during the production process
errors may be discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

https://doi.org/10.1016/j.jsb.2018.06.008
https://doi.org/10.1016/j.jsb.2018.06.008


  

1 

 

Elemental composition and ultrafine structure of the skeleton in shell-bearing protists 

—a case study of phaeodarians and radiolarians— 

 

Authors 

Yasuhide Nakamura
1
*, Izumi Iwata

2, 3
, Rie S. Hori

4
, Naomi Uchiyama

5
, Akihiro Tuji

1
, Masaki 

J. Fujita
6
, Daiske Honda

3, 7
 and Hiroaki Ohfuji

5
 

 

Affiliations 

1. Department of Botany, National Museum of Nature and Science, Tsukuba 305–0005, Japan 

2. Graduate School of Natural Science, Konan University, Kobe 658–8501, Japan 

3. Institute for Integrative Neurobiology, Konan University, Kobe 658–8501, Japan 

4. Graduate School of Science and Engineering, Ehime University, Matsuyama 790–8577, 

Japan 

5. Geodynamics Research Center, Ehime University, Matsuyama 790–8577, Japan 

6. Graduate School of Fisheries Sciences, Hokkaido University, Hakodate 041–0821, Japan 

7. Faculty of Science and Engineering, Konan University, Kobe 658–8501, Japan 

 

 

*: Corresponding author; e-mail: jasnakamura@gmail.com 

 

 

Abstract 

Cross-sections were prepared by ultramicrotome (UM) and focused ion beam (FIB) system in 

order to examine the skeletal structure of ecologically and geologically important shell-bearing 

protists: phaeodarians and radiolarians. The elemental composition of the skeleton was 

clarified by the energy dispersive X-ray spectroscopy, suggesting that the skeletons of both 

groups are mainly made of amorphous silica (SiO2 • nH2O) with other minor elements (Na, 

Mg, Al, Cl, K, Ca and Fe) and that these two groups have similar elemental composition, 

compared with other siliceous organisms (diatoms and sponges). However, the structural 

difference among the two groups was confirmed: phaeodarian skeletons are porous, unlike 

radiolarians with solid skeletons. It was also revealed that the phaeodarian skeleton contains 

concentric layered structure with spaces, presumably related to the ontogenetic skeleton 

formation. The distinction in the skeletal ultrafine structure (porous/solid and 

non-dense/dense) would reflect the ecological difference among the two groups and could be 

an effective criterion to determine whether microfossils belong to Radiolaria or Phaeodaria. 

The UM and FIB combined method presented in this study could be a useful approach to 
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