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THE DISTRIBUTION OF THE FERRIC REDUCTASE AND BIOMINERALIZATION
OF THE MAJOR LATERAL TOOTH OF THE CHITON ACANTHOCHITON
RUBROLINEATUS

LIU Chuan-Lin'? CHEN Xi-Guang', JIANG Ming®, CHEN Peng?, LIU Cheng-Sheng® and YU Le-Jun!

(1. College of Marine Life Science, Ocean University of China, Qingdao 266003; 2. College of Biological Science and Engineering,
Yantai University, Yantai 264005; 3. College of Environmental Engineering, Ocean University of China, Qingdao 266003)

Abstract: The radula in the chitons is a ribbon-like apparatus which bears a series of distinctive mineralized teeth called
the major lateral teeth. Great amounts of minerals including magnetite have been deposited at the cusps of the teeth. The
magnetite mineralization could harden the teeth. In order to investigate the mechanism of the biomineralization of the
cusp, the radulae of chiton Acanthochiton rubrolieatus Lischke were extracted and posterior ends of the radulae ap-
proximately 0.5 cm in length were fixed, sectioned and observed with light microscope, scanning electron microscope
and transmission electron microscope. In addition, aimed to display the iron minerals, the existence and the distribution
of the ferric reductase, the sections were examined by histochemistry technology. Results showed that the radula un-
derwent a mineralization progress and the different parts of the radula exhibited various mineralization degrees; the
major lateral tooth cusp was a composite structure made up of three distinct layers from the outer to inner. The black
magnetite layer was about 50 um in thickness on the posterior edge, and 5—210 um on the anterior edge. The lepido-
crocite layer in red-brown color below the magnetite layer was only 10 um in thickness; the core was the yellow organic
fibril layer. Magnetite particles which constituted the magnetite layer presented chip-shaped pieces and were 100—150
nm in width, hundreds of nanometers to several micrometers in length; moreover, all the magnetite particles were ar-
ranged to be parallel to the length axis of the tooth cusp. Radular teeth including the major lateral teeth were formed by
epithelial cells of the radular sac, and the epithelium lining the lumen of the radular sac varied markedly along its length.
Newly formed major lateral tooth cusp was almost composed of organic matrix, and the fibrous matrix presented
meshwork-like appearance. With the development of mineralization, some fine mineral granules began to be deposit into
the organic matrix of mineralizing major lateral tooth. The minerals first appeared in the organic matrix were ferric iron
minerals, then ferroc iron minerals. Along the outer surface of mineralizing major lateral tooth cusp surrounded by epi-
thelium of the radular sac, a microvilli-like structure was formed, by which minerals gradually were transported into the
cusp. Iron-containing minerals presumably originated from the inclusions which were membrane-bound aggregates of
resembling ferritin molecules with 0.6—0.8 um diameter in surrounding epithelium of the radular sac. The ferric reduc-
tase occurred in the epithelial tissue of the radular sac, and mainly distributed on the membrane of these epithelial cells,
furthermore, it may be involved in the formation of the magnetite mineralized in the cusp.

Key words: Chiton; Major Lateral Tooth; Microarchitecture; Biomineralization; Ferritin; Ferric Iron Reductase
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& kR Plate
1. , ( ), =100 pm; 2. , ( ), =120 pm; 3.
, ( ), =150 um; 4. , (cusp) (base)
(joint region, ), =50 um; 5. , (anterior edge) (posterior edge) (ml)
( ) (o) (base) ( ) =20 um; 6. :
(mi) (fi, ), =1.5 pm; 7. , (mag) (ol), = 20 um; 8.

(mag), =300 nm; 9. , (cusp)
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(se) ( ), =45 pum; 10. (cusp) , (se) ( ), =10um;
11. (cusp) , ( ); =45um; 12. (cusp), (mv)
(se), =5 pum; 13. (cusp) , (mv, ) (mi), =1.5 pm; 14.
, (se), (mv) (ss), =1.5 pm; 15. 14 ,
(ss), =600 nm; 16. (ss), ( ), =100 nm; 17.
, (mi) (fi), = 1.5 um; 18. ,
( ), = 2.5 um; 19. , . (cusp) (base) (rm)
(se, ) (ie, ), =90 pm; 20. , (cusp) (base)
(se) (ie) (rm) ( ), =90 um; 21. 20 ,
( ), =30 um; 22. , , =0.6 pum; 23.
: ¢ ) = 0.6 um; 24 : ¢ )
=0.6 um

1. Scanning electron micrograph (SEM) of a radual of chiton Acanthochiton rubrolineatus showing the major lateral tooth (arrow), Bar = 100
pum; 2. Stereo microscope micrograph of mature part of a radula showing the mature major lateral tooth (arrow), Bar =120 um; 3. Stereo
microscope micrograph of immature part of a radula showing the immature major lateral tooth (arrow), Bar =150 um; 4. Polarized light mi-
crograph of a mature major lateral tooth showing the joint region between the cusp (cusp) and the base (base), Bar = 50 um; 5. Light micro-
graph (LM) of longitudinal section through a major lateral tooth showing the anterior and the posterior edge of the cusp, magnetite layer (ml),
lepidocrocite layer (black arrow), organic fibrils layer (ol), the base (base) and the joint region between the cusp and the base (white arrow),
Bar = 20 um; 6. Transmission electron micrograph (TEM) of longitudinal section as in Fig. 5 showing the minerals (mi) and the organic
fibrils (fi, arrow) in the organic matrix, Bar =1.5 um; 7. LM of longitudinal section through the cusp of a mature major lateral tooth showing
magnetite particles (mag) and organic fibrils layer (ol), Bar = 20 um; 8. High resolution TEM of magnetite particles (mag) showing the
lath-like structure, Bar =300 nm; 9. LM of longitudinal section through an incipient mineralizing part of a radula showing the incipient min-
eralizing cusp (cusp), the superior epithelium (se), and the mineral granules (arrow), Bar =45 um; 10. High magnification of an incipient
mineralizing cusp as in Fig.9 showing superior epithelium (se) of the radula sac and the mineral granules (arrow), Bar =10um; 11. LM of
longitudinal section cross an incipient mineralizing cusp showing the ferric iron-containing mineral granules (arrow) with iron staining,
Bar=45um; 12. LM of longitudinal section cross an incipient mineralizing cusp showing the microvilli (mv) and the superior epithelium (se)
of the radula sac, Bar=5 um; 13. TEM of longitudinal section through an incipient mineralizing cusp (cusp) showing the microvilli (mv, arrow)
and minerals (mi), Bar =1.5 um; 14. TEM of longitudinal section through an incipient mineralizing cusp showing the superior epithelium (se)
of the radula sac, the microvilli (mv) and the siderosome (ss), Bar =1.5 um; 15. Magnification of an incipient mineralizing cusp as in Fig.14
showing two forms of siderosomes (ss) in a superior epithelium of the radula sac, Bar = 600 nm; 16. A siderosome (ss) showing the membrane
of a siderosome (white arrow), Bar =100 nm; 17. TEM of section of an incipient biomineralizing cusp showing scattered minerals (mi) and
the organic fibrils (fi), Bar =1.5 um; 18. TEM of section of an unmineralized cusp showing the organic fibrils meshwork (arrow), Bar =2.5
pm; 19. LM of transverse section cross the immature part of the radula showing the control of the ferric reductase, the cusp (cusp), the base
(base), the radula membrane (rm), the superior epithelium tissue (se, arrow) and the inferior epithelium tissue(ie,arrow) of the radula sac,
Bar =90 um; 20. LM of transverse section cross the immature part of the radula showing the cusp, the base, the superior epithelium tissue (se),
the inferior epithelium tissue (ie) of the radula sac, the radula membrane (rm) and the ferric reductase (arrow), Bar = 90um; 21. Magnification
of Fig.20 showing the ferric reductase (arrow), Bar = 30um; 22. TEM of longitudinal section cross the immature part of the radula showing
the control of the ferric reductase, Bar=0.6um; 23. TEM of longitudinal section cross the immature part of the radula showing the ferric re-
ductase (arrow), Bar = 0.6 um; 24. TEM of transverse section cross the immature part of radula showing the ferric reductase (arrow), Bar =
0.6 um



