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Biomineralization process should be studied?

Inorganic Foraminifera



Time lapse imaging
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pH imaging 

Proton pumping is key feature for 
foraminiferal calcification



Nagai et al. (2018)
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Both soft cytoplasm and hard test are cut at a single cross section by FIB.

test

cytoplasmic

https://doi.org/10.3389/fmars.2018.00067 Frontiers in Marine Science
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Schematic illustration of SOC 
(Site of Calcification) 

There is a space between the 
membrane-like structure of 
the calcification site and the 
crystal.

The interior of the spherical 
structure on the membrane-
like structure is a cavity.

We found a structure that 
seawater was taken into the 
spherical structure of the 
external organic layer and 
then released.

It was observed that the 
crystal increased in thickness 
from the block shape to the 
layer shape.

Outer organic layer

Inner organic layer

Primary organic sheet

Calcium carbonate



immunofluorescence staining of 
H+- ATPase antibody 

(Toyofuku, Nagai and Ikuta MS)
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pH gradients disappear with H+- ATPase 
inhibitor= bafilomycin 



Inhibitor experiments
Acetazolamide=carbonate anhydrase inhibitor  (N=5)
0.5×10-6M

Bafilomycin=proton pump inhibitor (N=5)
1×10-6M



Inhibitor experiments
Acetazolamide=carbonate anhydrase inhibitorBafilomycin=proton pump inhibitor

The chamber joint (suture) is weak.
Shell thickening is not sufficiently advanced.
There is calcium carbonate precipitation.
So far, no systematic differences have been found for 
influences with each inhibitor.
The results suggest that calcium uptake is being made 
and that a small amount of carbon source is also 
being introduced.
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Summary
Both inhibitors had a significant 
effect on shell growth. Both limit 
the carbon source, although the 
assumed sites of action are 
different.

As for calcium ions, they seem to 
be taken up. It is interesting to 
note that a certain amount of 
shells are being deposited, 
although carbon uptake must 
also be limited.

It may be possible that they are 
utilizing naturally existing 
carbonate ions or even 
bicarbonate ions to the extent 
that they are not relying on 
enzymes.
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