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Fig. 2 SEM image of ACC
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Fig. 4 FT-IR spectra of ACC in different transformation systems withTris-HCI at different time intervals
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Fig.5 SEM image of crystals from the crystallization of ACC in different transformation systems
A. 1 mmol/L Mg**, Oug/mL ESM; B.1 mmol/LMg**, 20 pg/mLESM

, ACC Mg (351
, ACC ,
, , ESM
, ESM ACC
ACC ,
ACC ACC ,
ACC ESM ACC
ACC Mg** , ACC
ESM
eno Mg ESM  Mg*
28] [29] ACC , ESM
ACC Mg* ACC,
ACC SEM , ESM
Corallina ACC B, ACC ’ ACC
ACC ’ Mg ’ ESM ACC ,
Mg*" ESM ACC

[1] Simkiss K, Wilbur K M. Biomineralization: Cell
biology and Mineral Deposition[M]. New York:
Mg Academic Press, 1989.
[2] Lowenstam H A, Weiner S. On Biomineralization[M].
Mg2+ New York: Oxford University Press, 1989.
[31-32]’ [3] Hare P E. Amino Acids in proteins from aragonite and
; Mg , , calcite in shells of Mytiluscalifornianus[J]. Science,
Mg/Ca 1963, 139(355): 216.
, Mg [4] Weiner S, Traub W, Parker S B. Macromolecules in

[33-34] ESM mollusc shells and their functions in Biomineralization

Mg R ESM [J]. Philosophical Transactions of the Royal Society of

Marine Sciences / Vol. 38, No. 5/2014 5



(71

[91

[10]

[11]

[13]

[14]

5 ikE REPORTS

London. Series Sciences,
304(1121): 425-433.

Falini G, Albeck S, Weiner S, et al. Control of arago-

B, Biological 1984,

nite or calcite polymorphism by mollusk shell macrom-
olecules[J]. Science, 1996, 271(5245): 67-69.
Miyamoto H, Miyashita T, Okushima M, et al. A
carbonic anhydrase from the nacreous layer in oyster
pearls[J]. Proceedings of the National Academy of
Sciences of the United State of America, 1996, 93(18):
9657-9660.

Kong Y W, Jing G, Yan Z G, et al. Cloning and charac-
terization of prisilkin-39, a novel matrixprotein serving
a dual role in the prismatic layer formation from the
oyster pinctadafucata[J]. Journal of Biological Chem-
istry, 2009, 284(16): 10841-10854.

Takeuchi T, Sarashina I, lijima M, et al. In vitro
regulation of CaCOj; crystal polymorphism by the
highly acidic molluscan shell protein aspein[J]. Febs
Letters, 2008, 582(5): 591-596.

Kono M, Hayashi N, Samata T. Molecular mechanism
of the nacreous layer formation in pinctada maxima[J].
Biochemical and Biophysical Research Communic-
ations, 2000, 269(1): 213-218.

Yan Z G, Jing G, Gong N P, et al. N40, a novel
nonacidic matrix protein from pearl oyster nacre,
facilitates nucleation of aragonite in vitro[J]. Biomacr-
omolecules, 2007, 8(11): 3597-3601.

Feng Q L, Pu G, Pei Y, et al. Polymorph and morpho-
logy of calcium carbonate crystals induced by proteins
extracted from mollusk shell[J].

Growth, 2000, 216(1-4): 459-465.

Journal of Crystal

Prenant M. The types of calcium mineral in living
beings and the problem of their determination[J].
Biological Reviews and Biological Proceedings of the
Cambridge Philosophical Society, 1927, 2(4): 365-393.
Ogino T, Suzuki T, Sawada K. The formation and
transformation mechanism of calcium-carbonate in
water[J]. Geochimica et Cosmochimica Acta, 1987,
51(10): 2757-2767.

Beniash E, Aizenberg J, Addadi L, et al. Amorphous

calcium carbonate transforms into calcite during sea

/2014

/

[16]

[19]

[20]

[21]

[22]

[23]

38

urchin larval spicule growth[J].
Royal Society B-Biological Sciences, 1997, 264(1380):
461-465.

Weiss I M, Tuross N, Addadi L, et al. Mollusc larval

Proceedings of the

shell formation: Amorphous calcium carbonate is a
precursor phase for aragonite[J]. Journal of Experime-
ntal Zoology, 2002, 293(5): 478-491.

Aizenberg J, Weiner S, Addadi L. Coexistence of
amorphous and crystalline calcium carbonate in
skeletal tissues[J]. Connective Tissue Research, 2003,
441: 20-25.

Aizenberg J, Lambert G, Weiner S, et al. Factors
involved in the formation of amorphous and crystalline
calcium carbonate: A study of an ascidian skeleton[J].
Journal of the American Chemical Society, 2002,
124(1): 32-39.

Aizenberg J, Lambert G, Addadi L, et al. Stabilization
of amorphous calcium carbonate by specialized
macromolecules in biological and synthetic precipit-
ates[J]. Advanced Materials, 1996, 8(3): 222.

Ma Z J, Huang J, Sun J, et al. A novel extrapallial fluid
protein controls the morphology of nacre lamellae in
the pearl oyster, Pinctada fucata[J]. Journal of Biologi-
cal Chemistry, 2007, 282(32): 23253-23263.

Addadi L, Raz S, Weiner S. Taking advantage of
disorder: Amorphous calcium carbonate and its roles in
biomineralization[J]. Advanced Materials, 2003, 15(12):
959-970.

Raz S, Hamilton P C, Wilt F H, et al. The transient
phase of amorphous calcium carbonate in sea urchin
larval spicules: The involvement of proteins and
magnesium ions in its formation and stabilization[J].
Advanced Functional Materials, 2003, 13(6): 480-486.
Samata T, Hayashi N, Kono M, et al. A new matrix
protein family related to the nacreous layer formation
of Pinctada fucata[J]. Febs Letters, 1999, 462(1-2):
225-229.

Suzuki M, Saruwatari K, Kogure T, et al. An acidic
matrix protein, pif, is a key macromolecule for nacre

formation[J]. Science. 2009, 325(5946): 1388-1390.

Yano M, Nagai K, Morimoto K, et al. A novel nacre



5 ikE REPORTS

protein N19 in the pearl oyster Pinctada fucata[J].
Biochemical and Biophysical Research Communic-

ations, 2007, 362(1): 158-163.

the study of calcium carbonate growth on steel
surfaces[J]. Colloids and Surfaces A-Physicochemical

and Engineering Aspects, 2001, 194(1-3): 49-55.

[25] Zhang C, Li S, Ma Z J, et al. A novel matrix protein [30] Raz S, Weiner S, Addadi L. Formation of high-magn-
p10 from the nacre of pearl oyster (Pinctada fucata) and esian calcites via an amorphous precursor phase: Possi-
its effects on both CaCOj; crystal formation and ble biological implications[J]. Advanced Materials,
mineralogenic cells[J]. Marine Biotechnology, 2006, 2000, 12(1): 38.

8(6): 624-633. [31] van Enckevort W, van den Berg A. Impurity blocking

[26] Tao J H, Zhou D M, Zhang Z S, et al. Magnesi- of crystal growth: a Monte Carlo study[J]. Journal of
um-aspartate-based crystallization switch inspired from Crystal Growth, 1998, 183(3): 441-455.
shell molt of crustacean[J].Proceedings of the National [32] Voronkov V V, Rashkovich L N. Influence of a mobile
Academy of Sciences of the United States of America, adsorbed impurity on the motion of steps[J]. Soviet
2009, 106(52): 22096-22101. Physics-Crystallography, 1992, 37(3): 289-295.

[27] Reddy M M, Nancollas G H. Crystallization of calcium [33] Mucci A. Influence of temperature on the composition
carbonate: IV. theeffect of magnesium, strontium and of magnesium calcite overgrowths precipitated from
sulfate-ions[J]. Journal of Crystal Growth. 1976, 35(1): seawater[J]. Geochimica et Cosmochimica Acta, 1987,
33-38. 51(7): 1977-1984.

[28] Clarkson J R, Price T J, Adams C J. Role of metastable [34] Blackmon P D, Todd R. Mineralogy of some
phases in the spontaneous precipitation of calcium foraminifera as related to their classification and
carbonate[J]. Journal of the Chemical Society-Faraday ecology[J]. Journal of Paleontology, 1959, 33(1): 1-15.
Transactions, 1992, 88(2): 243-249. [35]

[29] Kjellin P, Holmberg K, Nyden M. A new method for [D]. ,2010.

The effect of nacreous EDTA soluble matrix protein of Pinctada
fucata on the stabilization of amorphous calcium carbonate

LIN Hui-juan, FANG Dong, XIANG Liang, XIE Li-ping, WANG Hong-zhong,
ZHANG Gui-you, MA Cai-ping , ZHANG Rong-qing
(School of Life Science, Tsinghua University, Beijing 100084, China)

Received: Apr., 12,2013
Key words: Biomineralization; EDTA soluble matrix protein; Amorphous calcium carbonate; transformation

Abstract: We investigated the effects of EDTA soluble matrix proteins (ESM) from nacreous layer of the shell of
Pinctada fucata on the transformation of ACC using a variety of testing methods like FTIR, SEM and EDS. We
found that nacreous ESM could inhibit ACC transformation in the presence of magnesium and reduce the content of
magnesium in the formed calcite. Moreover, the morphology of the calcite was controlled by nacreous ESM during

ACC transformation.
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