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Interrelation between Life, Water, Mineral, and Atmosphere
convener:Ken Takai(Extremobiosphere Research Center, Japan Agency for Marine-Earth Science
&Technology), Kentaro Nakamura(Department of Systems Innovation, School of Engineering, University
of Tokyo), Yuichiro Ueno(東京工業大学大学院地球惑星科学専攻, 共同), Yohey Suzuki(Graduate School of
Science, The University of Tokyo)
Mon. May 21, 2018 5:15 PM - 6:30 PM  Poster Hall (International Exhibition Hall7, Makuhari Messe)
Life on Earth is based on a diversity of physical and chemical dynamics and processes throughout the
history. Interaction between life, water, mineral (rock) and atmosphere is a key to understand co-
evolution of Life and Earth. It is a brief since the pioneers proposed this session almost 20 years ago.
Current JpGU meeting is filled with international- and interdisciplinary-joint sessions with similar aims
to this session in responding to surrounding situations of JpGU and earth science field in Japan.
Conveners believe that this session has provided an excellent opportunity to discuss such
interdisciplinary research results and directions for about 20 years but are also afraid if this session
may complete the initial goal. It is a matter for JpGU members to decide. This is a final call whether this
session will continue in future. If you need this session, you will submit abstract of your research to this
session for oral presentation with your intension. If we have less than 12 abstracts for oral
presentation, we will cease this session in 2018. Join to this session!
 

 

Role of extracellular polymeric substances on
cyanobacterial calcification

*Takeru Omori1, Naotaka Tomioka2, Satoko Motai2, Yoshio Takahashi3, Fumito Shiraishi1 (1.Hiroshima
University , 2.JAMSTEC, 3.The University of Tokyo)
 
Cyanobacteria is oxygenic phototroph known to calcify under optimum ambient water chemistry. Fossils
of calcified cyanobacteria are widely spread especially during the Phanerozoic, and the fluctuation in
their abundance is crucial for reconstructing paleo-ocean chemistry (e.g., pH). Two major mechanisms are
suggested for cyanobacterial calcification: 1) the photosynthetic increase in CaCO3 saturation state,
and 2) the crystal nucleation supply by acidic groups of extracellular polymeric substances (EPS).
Previous study based on natural samples demonstrated that acidic EPS is crucial for controlling the
degree and the style of calcification. Especially for the calcification style, however, the influence of EPS
on crystal morphology, crystal arrangement, and precursor (amorphous calcium carbonate: ACC)
formation are still not well understood. The present study, therefore, examined the relationship between
physical/chemical characteristics of EPS and calcification styles by using cultivated cyanobacteria. 
cyanobacteria having different EPS characteristics (Spirulina, Leptolyngbya, Phormidium and Scytonema
) were cultivated, and the quantity and quality of acidic groups in their EPS were assessed by acid-base
titrations and lectin binding analysis. These cyanobacterial cultures were incubated in an aquarium (pH =
about 8.5, [Ca2+] = 2 mM, DIC = 2 mM) with light supply to cause calcification. Microelectrode
measurements (pH, O2, and Ca2+) showed that all cyanobacterial cultures induced CaCO3 precipitation by
photosynthesis, although the degree of precipitation was different. However, the degree of calcification
and the morphology of resulting CaCO3 crystals were significantly different: Spirulina lacking EPS was
not calcified and crystals (about 1 mm diameter) were slightly scattered around, Leptolyngbya secreting
non-acidic EPS was not calcified and rhombic crystals (about 10 mm diameter) scattered around,
Phormidium secreting partially acidic EPS was externally calcified by cubic crystals (about 20 mm
diameter), and Scytonema secreting acidic EPS was externally calcified by rhombic crystals (about 20 mm
diameter). These results demonstrated that EPS has strong impact on cyanobacterial calcification. For
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Scytonema, an ultra-thin section was prepared by focused Ion beam processing and observed by
transmission electron microscopy (TEM) and scanning transmission X-ray microscopy (STXM).
Observations indicated that the mineral precipitated upon the EPS of Scytonema was mostly
monocrystalline calcite, while features of ACC were recognized at the vicinity of EPS (about 100-200 nm
thick). Spotty concentration of carboxylic groups at the outer margin of EPS suggests that such acidic
regions would be the starting points of ACC precursor, which would subsequently form calcite
nucleation.


