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Figure S1. The FESEM (a–e) and FETEM (f–j) images of the biominerals without any

treatment. These images clearly show the presence of nanocrystals. The conductive treatment

by sputtered Au/Pd particles was not carried out to avoid the contamination. In the case of

FETEM observation, the samples were not miniaturized during the radiation damage.

Therefore, we concluded that the nanocrystals were neither attributable to the sample

preparation process nor the radiation damage.
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Figure S2. XRD profiles of the powdered samples to analyze the peak broadening. (a) A:

calcite single crystal (reference), B: aragonite crystal of artificially induced pearl, C: coral. (b)

A: calcite single crystal (reference), B: a sea urchin (Heterocentrotus mammillatus), C: a sea

urchin spine (Echinometra mathaei (Blainville)), D: the shell of a sea urchin (scientific name

unknown). (c) A: calcite single crystal (reference), B: eggshell of emu (Dramaeus

Novaehollandiae), C: a commercial eggshell (Allus gallus domesticus), D: a foraminifer

(Calcarinaspengleri). The profiles of A–D in the each panel were measured at the same

condition. The remarkable peak broadening was not observed in the XRD pattern of the

biominerals, regardless of calcite and aragonite.
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Figure S3. The sea urchin spines with introduction of EY (dye) molecules. (a) EELS

spectrum obtained from the EY incorporated samples of sea urchin spine. The core-loss

spectrum in the high-energy loss region (around 1550 eV) was characteristic to the bromine.

Considering the spectrum, we carried out the energy-filtered mapping as shown in Figure 3c,d

in main text. The imaging was based on the three-window method: filtered, 1580 eV; pre-edge

1, 65 eV; pre-edge 2, 30 eV: post-edge, 45 eV, slit width 35 eV, exposure time 8.0 seconds. (b)

The cross sectional image of the dye incorporated spine. The macroscopic appearance also

shows the homogeneous inclusion of dye molecules inside of the spine. (c) The PL spectrum

(excitation at 290 nm) and its appearance (excitation at 254 nm) of the powdered samples (A:

the spine after the NaClO treatment, B: the dye included spine). These results suggested that

the EY molecules were homogeneously incorporated in the oriented architecture of the

bridged-nanocrystals.
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Figure S4. The crystallographic structure of synthetic CaCO3/PAA thin film. (a) the XRD

pattern of the thin film (upper panel) and peak intensity of calcite listed in JCPDS card (lower

panel). The enhanced peaks of (104), (006), (113), and (108) planes, that are nearly

perpendicular to c axis, were observed in the upper panel. The vaterite was contained in the

sample. (b and c) the HRTEM image and its fast-Fourier transform (FFT). The lattice fringes

of (110) and (104) planes were observed in the HRTEM image and FFT spectrum. The SAED

pattern in Figure 5c also shows the spots corresponded to (110) and (104) planes. These

results indicate that c axis of calcite/PAA thin film was perpendicular to the substrate.
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Figure S5. Conceptual image of the oriented architectures. (a) oriented attachment under

hydrothermal condition (b) our proposed bridged nanocrystals as the intermediated structure

(see illustration in Figure 3f). (c) mesocrystal made by colloidal crystallization.


