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material produced by an iron-oxidizing 

bacterium, Leptothrix spp.
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Sheath-shaped iron oxide produced by 
Leptothrix spp.  (L-BIOX)
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Typical Sample Preparation for TEM

Chemical Fixation

Physical Fixation （（（（No use of organic solvent））））

Specimen Chemically fixed with 
aldehyde and/or OsO4

Dehydrated through 
graded ethanol or acetone

Resin infiltration using 
acetone or propylene oxide

Resin 
embedding

Sectioning

Specimen Rapid freezing (-200C) Freeze fracture

Pt evaporation Specimen removal with hypochlorite

Physical/chemical Fixation

Pt evaporation Specimen removal with hypochlorite

Pt evaporation film (Cut surface mold)

Specimen Rapid freezing (-200C)

Chemically fixed with acetone-mixed fixative at -200C

Gradually back to room temperature

Same as the chemical fixation





Freeze Fracture Replica

(Acetone- or ethanol-
dehydration is not
necessary)

Numerous fibrils 
arising from outer 
membrane of cell

(1 dpi)



Basic skeleton of sheaths is composed of numerous fibrils 

released from outer membrane of bacterial cell (3dpi)

Bacterial 

cell

Sheath



OUMS1 cell and associated sheath 

prepared by freeze substitution

Fe deposition?



Assumption

Exopolymers immediately after released could be 

sensitive to organic solvents even after fixed but those 

linked with aquatic ions could be tolerant to the solvents

Only sheath is detected but released fibrils not  by 

conventional fixation and freeze substitution in which conventional fixation and freeze substitution in which 

organic solvents are used for specimen preparation

Freeze Fracture/Replica proved  
1.  Exopolymer fibrils are released from outer membrane of

bacterial cell

2.  Basic structure of sheath is composed of the released fibrils

3.  No intervening space between bacterial cell and sheath
￥



Sheath Formation Steps (OUMS1)
3 day culture2 day culture1 day culture

500 nm200 nm 500 nm

Cell Cell
Cell

Initial sheath Sheath SheathSecretion

Fe

P

Si

STEP 1 STEP 2

Fe deposition

HAADF-STEM Bi-stain

Si

BIOX contains 
saccharic materials 

C content ：：：： ~1 (wt)%



BIOX contains protein?

Detection of amino acids

（（（（Ruby)

-SH Detection            
(R-phycoerythrin 

labeled antibody））））

OUMS1  2-3 dpi

labeled antibody））））

-NH2 Detection                     

(Fluorescein-labeled NH2 kit））））

BIOX contains saccharic
and proteinacious materials 
of bacterial origin



ELEMENTAL ANALYSIS OF L-BIOX

(EDX)

5 µµµµm

SEM Image

Analyzed point

A: Si–O–Fe, P–O–Fe

Chemical bonds detected by FTIR Spectroscopy
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Elemental composition of groundwater

Fe:Si:P = 13：：：：14：：：：1 （（（（wt．％）．％）．％）．％）

Ca, Na, K : minor elements

Element ratio (at %)  

Fe：：：：Si：：：：P＝＝＝＝ 75：：：：20：：：：5

A: Si–O–Fe, P–O–Fe

B: O–H, C: O–H

D: P–O–H, E: Fe–O–H, F: Si–O–H

Si and P linked with Fe via O

Inorganic elements are mutually 
linked through chemical connections



HAADF HAADF

Fe O

Distribution of Fe, C, and O in L-BIOX Texture （（（（EELS ））））

100 nm 20 nm

5 nm

Outer 
layer

Cross section

Longitudinal 

section

C Fe+C

5 nm

Identical localization of Fe and O 

Inconsistent localization of Fe and C

C and Fe irregularly connected?

Organic/inorganic Hybrid 

Primary particle

5 nm

Primary Particle: 3 nm diameter

Exist as
Iron oxides?



Model of Sheath Formation and Hollowing Procedure

Bacterial CellBacterial CellBacterial CellBacterial Cell
Secretion

Cell Cell Cell Cell Division→LinkedDivision→LinkedDivision→LinkedDivision→Linked cellscellscellscells

ElongationElongation

Formation of Initial SheathFormation of Initial SheathFormation of Initial SheathFormation of Initial Sheath
ElongationElongation

Accumulation of Fibrous Secretion
(Template of Sheath)

Deposition of Aquatic InorganicsDeposition of Aquatic InorganicsDeposition of Aquatic InorganicsDeposition of Aquatic Inorganics Sheath ElongationSheath ElongationSheath ElongationSheath Elongation

ElongationElongation

Ｐ Ｓｉ Ｆｅ
ElongationElongation

Isolation of Cells (Solo Existence)Isolation of Cells (Solo Existence)Isolation of Cells (Solo Existence)Isolation of Cells (Solo Existence)

ElongationElongation

Death/Degeneration of Isolated Cells        Death/Degeneration of Isolated Cells        Death/Degeneration of Isolated Cells        Death/Degeneration of Isolated Cells        Death/Degeneration of Isolated Cells        Death/Degeneration of Isolated Cells        Death/Degeneration of Isolated Cells        Death/Degeneration of Isolated Cells        

Autolysis / Disappearance 

Death



Practical Use of BIOX in Diverse Fields

1.Pigment (glaze) for pottery
2.Enhancer of catalytic activity
3.Electrode of Lithium battery
4.Cell culture (cell affinity)
5.Plant protectant

Ceramic artists always seek 
bright color pigments (glazes)



unheated 700℃℃℃℃ 800℃℃℃℃ 900℃℃℃℃ 1000℃℃℃℃

COLOR CHANGE OF HEATED OR CULTURED BIOX
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Culture at low 
pH and with 
CO2

Natural BIOX

BIOX heated at 800 C gives an ideal reddish glaze for ceramic works

Hashimoto H. et al. (2012). Dyes and Pigments, 
95, 639-643, 

900℃

a* (reddish) 

Unheated
commercial hematite
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BIOX-immobilized Pd catalyst for solvent-free 
Suzuki- Miyaura cross coupling reaction

Br +

Pd on

O2N O2N

B(OH)2

K2CO3, 120 °C, 1 h
no reaction solvent

O Si

O

O

N N Me

Cl

BIO-immobilized Pd catalyst
(0.5 mol % Pd)

B
IO

95%yield

� Recyclability
Pd: palladium
Me: methyl

p-Nitrobromobenzene

Phenylboronic acid

4-Nitrobiphenyl

Recyclable four times 

without significant loss 

of catalytic activity

Pd nanoparticles on 

BIOX-im-Pd 
facilitates the reaction

� SEM

Tetrahedron Lett. 2012,  
53(3), 329-332.

BIOX BIOX-im-Pd
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LET US MEET AGAIN
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