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Organic matter in nacre and its mineralization effect

ZHANG En!, HU Lin-yu?, HUANG Fu-quan' and PENG Ming-sheng'
(1. Earth Science Department of Sun Yat-sen University, Guangzhou 510275, China;
2. Guangdong Museum, Guangzhou 510000, China)

Abstract: Although its concentration is extremely low (about 5% of the volume of nacre) and its research tech-
nique is limited, the organic matrix in nacre not only is the most fundamental difference between biominerals and
natural inorganic minerals but also has an important effect on biomineralization. In this study, the nacres of
pearls and shells cultured in freshwaters and seawaters in Guangxi, Guangdong, Zhejiang and Jiangsu and those
in corals were tested by Hitachi 835-50 High speed Amino Acid Analyzer and, as a result, the sorts and content
of amino acids of organic matrix in nacre specimens were acquired. In combination with the microtopograpgy of
nacre’s organics investigated by SEM and HRTEM, the correlation analysis and cluster analysis produced some
special amino acid constitutions or categories, which correspond to different organic macromolecules in different
spatial positions, structures, kinds, shapes or sizes of nacres. These analyses show that the mineralization effect
of organic matrix in nacre is characterized by diversity and complexity, which results in the diversity and com-
plexity of inorganic minerals in species, size, evolution. Hence the unique microstructure of nacre can be formed
by inducing and controlling. The conclusion obtained by the authors is significant for understanding the effect of
organic matrix on biomineralization in nacre.
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1 5
Table 1 Types and natures of five groups of amino acids with significant correlation in nacre
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Table 2 Amino acid cluster analysis types of two groups of nacre
il I 1
@ @ ® ® @ @
WK
Leu.Arg Leu.Arg
K
Al As
o Sp 1.2 Y
2
%—‘ Ala Ala
T Gly Gly
byl ) ® ® Leu. Arg ® ® ) Leu.Arg
R Asp Asp
it 35 25
Ala Ala
xf
Gly Gly
N
Leu.Ar;
. ® @ ® CU.AIZ ® @ @ Leu.Arg
o 8 Asp.Ala 4 Asp.Ala
% Gly Gly
e ® @ ® Leu.Arg @ @ @ Leu.Arg.Asp.Ala
16.5 10
Asp.Ala.Gly Gly
@ Val.lle. Pro. Tyr.Lys @ Ser. Glu. Phe @ Thr. NH;. Met. His. Cys
©) 1 2
Asp Ala
DO @ @ Leu Arg ® @ O Leu



133

Arg
Crenshaw 1972 EDTA
Lowenstam 1988
ONONOERORONO) ORONE) "
LeuArg @ @ @ Leu Arg ONONO)
Leu Arg Asp Ala
2 3 4
1
Weiner and Addadi 1997
3 _
HTEM
SEM
3 Weiner and Hood 1975 Nakahara et
1 al. 1982 Schaffer 1997
0.03
~0.05 pm
2b
2a
2
2001
Hasse et al. 2000 Weiss
2b et al. 2002
21
2c 2005
3 2008
Marsh and Sass 1980
2d 2e
: " block 2007
ACC
Hasse et al. 2000 Weiss et al.
4 2002 Addadi et a/. 2003 Nassif et al. 2005

ACC

95 %



32

2009

100 nm

A\

\

2 um

2 TEM ade becf
Fig. 2 Secondary SEM images a d e and TEM images b ¢ [ of nacre

2008
ACC



135

Politi et al. 2004

EDTA
Water Insoluble
Water soluble Ma-
Weiner and Hood 1975 Mann
2002 Ma

Matrix WISM
trix WSM
1988

Yufei ez al. 2011

References

Addadi . Raz S and Weiner S. 2003. Taking advantage of disorder
Amorphous calcium carbonate and its roles in biomineralization ] .
Adv. Mater. 15 12 959~970.

Crenshaw M A. 1972. The soluble matrix from Mercenaria shells J .
Biomineralization 6 6~11.

Cui Fuzhai. 2007. Biomineralization M . Beijing Tsinghua University
Press in Chinese .

FengQL PuG Pei Y et al. 2000. Polymorph and morphology of
calcium carbonate crystals induced by proteins extracted from mol-
lusk shell J . J. Cryst. Growth 216 1~4  459~465.

Hasse B Ehrenberg H Marxen ] C ez al. 2000. Calcium carbonate
modifications in the mineralized shell of the freshwater snail Biom-
phalaria glabrata | .Chem-Eur. J. 6 3679~3685.

Hou Dongfang Zhou Shugen and Zheng Maosheng. 2007. In situ SEM
observation of crack propagation an analysis of the toughening mech-
anism in nacre J . Journal of Materials Science & Engineering 25

3 388~391 in Chinese with English abstract .

Jiang Guoliang Chen Li and Liu Yun. 2002. The organic matrix of mol-
luscan shell and its relevance to biomineralization J . Marine Sci-
ences 26 2

Keith ] Stockwell S and Ball D. 1993. Comparative analysis of macro-

. Comp Biochem. Physiol. 105B

16~18 in Chinese with English abstract .

molecules in mollusc shells ]
487 ~496.

Lowenstam H A. 1988. Minerals formed by organisms ] . Science
211 1126~1131.

Ma Hongyan Dai Tagen Yuan Kuirong et al. 2001. The first discov-
ery of vaterite in lusterless {resh-water pearls of Leidian Zhejiang

J . Acta Mineralogica Sinica 21 2 153~157 in Chinese with
English abstract .

Ma Yufei Gao Yonghua and Feng Qingling. 2011. Characterization of
organic matrix extracted from fresh water pearls J . Materials Sci-
ence and Engineering C 31 1338~1 342.

Ma Yufei Gao Yonghua Ren Dongni et al. 2009. The effect of solu-
ble matrix proteins from aragonite pearl crystallization of CaCOs

J . Acta Petrologica et Mineralogica 28 6 605~ 610 in Chi-
nese with English abstract .

Mann S. 1988. Molecular recognition in biomineralization J . Nature
332 119~124.

Marsh M E and Sass R L. 1980. Areagonite twinning in the molluscan
bivalvehinge ligament J . Science 208 1262~1263.

Meenakshi V R Hare P E and Wilbur K M. 1971. Amino acids of the
organic matrix of neogastropod shells J . Comp. Biochem. Physi-
ol. 40B 1037~1043.

Nakahara H Bevelander G and Kakei Mitsuo K. 1982. Electro micro-

scopic and amino acid studies on the outer and inner shell layers of



136

32

Haliotis rufescens ] . VEBUS 41 1
Nassif N Pinna N Gehrke N
aragonite platelets in nacre J . Proc. Natl. Acad. Sci. USA 102

36 12653~12655.
Schaffer T E  IonescuZanetti C Proksch R ez al. 1997. Does abalone

33~46.
et al. 2005. Amorphous layer around

nacre form by heteroepitaxial nucleation or by growth through min-
eral bridges ] . Chem. Mater. 9 1731~1 740.

Simkiss K and Wilbur K M. 1998. Biomineralization Cell Biology and
Mineral Deposition M . Academic Press Inc.

Weiner S and Addadi L. 1997. Design strategies in mineralized biological

7 689~702.

Weiner S and Hood L. 1975. Soluble protein of the organic matrix of

materials ] . J. Mater. Chem.

mollusk shells a potential template for shell formation J . Science
190 5 987~988.

Weiss [ M Tuross N Addadi L ez al. 2002. Mollusc larval shell for-
mation Amorphous calcium carbonate is a precursor phase for arag-
onite J . J Exp. Zool. 293 478~491.

Xie Anjian Shen Yuhua Zhang Shengyi et al. 2001. Study on inter-
actions between BSA and calcium carbonate in saline solution J .
Chinese Journal of Inorganic Chemistry 4 603~607 in Chinese .

Xu Xurong Cai Anhua Liu Rui et al. 2008. Amorphous calcium car-
bonate in biomineralization ] . Progress in Chemistry 20 1 54
~359 in Chinese with English abstract .

Zhang En. 2008. Study on the Micro-constituents Microstructure and
Applications of Chinese Cultured Pearls D . Guangzhou Sun Yat-
sen University.

Zhang En  Peng Mingsheng Liang Chaolun ez a/. 2008. Electron mi-
croscopic study ol the nanometer minerals and microstructure of ma-
rine cultured pearls | . Acta Mineralogica Sinica 28 2 112~
116 in Chinese with English abstract .

Zhang Gangsheng. 2000. In Situ Study of Carotenoids in Nacre and Its

Microstructure Characteristics D . Guangzhou Guanazhou Insti-

tute of Geochemistry Chinese Academy of Sciences in Chinese .

Zhang Ni  Guo Jichun Zhang Xueyun et a/. 2005. Discussion on
pearl’ s formation mechanism from the discovery of aragonite spheri-
cal grains in fresh pearls J . Acta Mineralogica Sinica 25 3 307
~311 in Chinese with English abstract .

Politi Y Arad T Klein E et al. 2004. Sea urchin spine calcite forms

via a transient amorphous calcium carbonate phase J . Science 306

5699 1161~1164.
. 2007. M .
. 2007.
] 25 3  388~391.
. 2002. I
. 262 16—18.
. 2001.
1. 21 2 153~157.
. 2009.
CaCO; 1. 28 6 605~610.
. 2001.
J. 17 4 603~607.
. 2008.
J. 201 54~59.
. 2008. D .
. 2008.
I 28 2 112~116.
. 2001. D .
. 2005.
J. 25 3 307~3l11.



