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ABSTRACT. To elucidate the mechanism of nacre biomineralization, the mantkRiraftada fucata(P.

fucatg from the South China Sea was used. Using the mantle cDNA library and the ESTs we have
cloned through suppression subtractive hybridization (SSH), ten novel genes including PFMG1 were
obtained through nested PCR. Bioinformative results showed that PFMG1 had a high homology (40%)
with Onchocercavolvuluscalcium-binding protein CBP-1 and had two EF-hand calcium-binding domains
from the 81st to the 93rd amino acid and from the 98th to the 133rd amino acid in the deduced amino
acid sequence. The results of multitissue RT-PCR and in situ hybridization demonstrated the high expression
of PFMGL1 in the mantle oP. fucataand confirmed the SSH method. The results of GST-PFMGL1 on
CaCQ crystallization showed significant effects on nucleation and precipitation of Ga@FEMG1 was

cloned into the pcDNA.3.1/myc-HisA vector and was subsequently transfected into MC3T3-E1 cells.
RT-PCR revealed upregulation of the marker genes related to cell growth, differentiation, and mineralization,
and BMP-2, osterix, and osteopontin were upregulated as a result. This research work suggests that PFMG1
plays an important role in the nacre biomineralization, and the SSH method can pave the way for the bulk
cloning and characterization of new genes involved in biomineralizatiéh facataand may accelerate
research on the mechanism of pearl formation.

As we know, pearl consists of nacre that is secreted by The growth of molluscan nacre crystals is usually thought
the mantle of the pearl oyster. Recent studies show that nacrdo initiate from solution by extracellular organic matrixes.
may be an ideal substitute material for bone. It not only has Organic matrixes induce heterogeneous nucleation of calcium
a high rigidity but also has good biological adaptability and carbonate crystals on their surface and regulate crystal
bone-inductive activeness. It can stimulate the growth of bone growth, thereby forming the crystal morphologies that are
while not induce serious immunoreactiors. ( unique to the various layers of a molluscan shell. In vitro

Pearl is a typical biomineralization product. It mainly studies using natural and synthetic molecular systems have
consists of about 95% calcium carbonate and about 5% shown that matrix control of crystal morphology is possible
organic macromolecules. (8—11).

Biomineralization is the process in which mineral crystals  One alternative to the current matrix mediation hypothesis
accumulate in an organized manngy (nder the control of  presently is that crystal nucleation is intracellular and that
organic macromolecules3{5) (protein, amylose, etc.) crystallogenic cells supply nascent crystals to the mineraliza-
excreted by the specific positions of living organisms, and tion front where they may undergo further growth and
the most significant characteristic is that the nucleation of refolding (12). So we can conclude that the mechanism of
the inorganic phase is strictly controlled by the organic phase biomineralization is not simply the mediation by the organic
(6). More than 60 kinds of products of biomineralization have matrixes but a combination of nucleation, growth, morphol-
been discovered, including pearls and shells of mollugks (  ogy, recognition, transportation, and precipitation. Therefore,
spicula of poriferans, bones, teeth, kidney stones, andin order to fully understand the mechanism of biomineral-
gallstones of vertebrates. More than half of them are calciumization, it is necessary to find the key genes involved in
compounds. biomineralization and take them as a whole in future studies.

Pinctada fucatgP. fucatg! grows in the South China Sea
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performance of many significant life activities fBr fucata
but they have little to do with biomineralization. These genes

Biochemistry, Vol. 46, No. 3, 200845

was dot-blotted onto duplicate nylon membranes using a
microfiltration system. The membranes were UV cross-linked

are needed for comparison in studies on functional genesand probed with total3{P)cDNA. The £P)cDNA probes

involved in biomineralization, and it is no doubt that the
cloning of these genes will also lead to the further study of
other functional genes.

In our researchR. fucata the most important pearl oyster
with pearl output accounting for more than 85% of the world,

were prepared using two rounds of suppression PCR.
Sequence Analysi©n the basis of the results of reverse
Northern dot blotting, recombinant DNAs with expression
5 times higher in mantle than in other tissues were obtained
and sequenced on a Model 377 automatic sequencing

was used. We performed suppression subtractive hybridiza-machine (PE) using T7 universal primer. The sequences were

tion (SSH) and reverse Northern dot blotting and obtained
ESTs which are highly expressed in the mantl®ofucata
The results should pave the way for the future cloning of
new genes involved in biomineralization ih fucata

MATERIALS AND METHODS

Subtracted Library Construction by Suppression Subtrac-
tive Hybridization (25) Mantle tissue fragments from three
live pearl mollusks R. fucata grows in Guangxi, China)
were obtained. Total RNA was purified from mantle tissue
fragments oP. fucatausing the Trizol reagent (Invitrogen).
Polyadenylated RNA was further isolated using Oligotex
MRNA kits (Qiagen). The cDNA synthesis of mantle tissue
(tester) and other tissues (driver) and SSH were performed
using a PCR-select cDNA subtraction kit (Clontech) fol-
lowing the manufacturer’s protocol. Briefly, tester and driver
cDNA were digested separately wiltsd to obtain shorter,
blunt-ended molecules. The tester cDNA was divided into
two populations, each of which was ligated with different
adaptors provided in the kit, whereas the driver cDNA had
no adaptors. Tester and driver cDNA were heated t6®8
for 1.5 min, and each of the tester cDNA samples was
separately hybridized with the driver at 68 for 8 h. The

analyzed using Blast (NCBI) software, and the homology
was compared with the sequences in GenBank.

Protein families and domains were determined using the
PROSITE database at the ExXPASy proteomics server of the
Swiss Institute of Bioinformatics (http://www.expasy.org/
prosite).

Construction of a Mantle Tissue cDNA Libraryotal
RNA was isolated from 0.5 g of mantle tissue using Trizol
reagent (Invitrogen); then we synthesized first-strand cDNA
catalyzed by reverse transcriptase (Sangon). Double-strand
cDNA was synthesized following attachment of adaptors.
The products were digested BYil and then fractionated by
gel filtration through Sepharose spin-400. The cDNA product
was then cloned in the pBluescript Il SK vector. Then we
screened the library for desired clones and validated the
identity of the clones.

Nested PCR Analyses (26The PCR analyses were
conducted through nested reactions using two pairs of outer
primers (Sangon). The reaction mixtures were composed of
1.5 ug of cDNA, 200 uM each of four deoxynucleotide
triphosphates along with Mg&(2 mM), 10 x PCR buffer,
and 1.25 units of DNA polymerase (Sangon). This reaction
mixture was then denatured (90 s at®®) followed by 35
cycles of 40 s at 94C, 30 s at 58C, 40 s at 72°C, and

two hybridization mixtures were mixed without being finally 10 min at 72°C for complete polymerization. Then
denatured again. Additional denatured driver was added, andy,e 5 end and 3products were obtained. The two products

the mixture was hybridized for 16 h. After two rounds of
hybridization as above, templates for PCR amplification were

were used as the template, and the second round of PCR
was performed with the same components and conditions

generated from differentially expressed sequences. Using tWoyg the first PCR reaction except the two inner primers were
rounds of suppression PCR, differentially expressed se- gqq

quences were enriched. The subtracted library cDNA (sec-
ondary PCR products) was cloned into the pGEM-T easy
TA cloning kit (Promega) vector. DRb cells were trans-
formed. Bacterial cells were plated on LB agar plates
containing 10Q«g/mL ampicillin, 100uM isopropyl 1-thio-
[-D-galactopyranoside, and 5@/mL 5-bromo-4-chloro-3-
indolyl 5-p-galactopyranoside.

Reverse Northern Dot BlottingFor reverse Northern dot
blotting experiments, 384 ampicillin-resistant clones were
randomly picked from each plate and lysed by boiling in 50
mL of lysis buffer (0.1% Tween 20 in TE buffer, pH 8.0).
The cloned cDNA fragments were amplified using primers
flanking the cloning site of the vector. Each PCR product

1 Abbreviations: BMP-2, bone morphogenetic protein 2; bp, base
pair; cDNA, complementary DNA; DIx, distalless homeobox; dNTP,
deoxynucleoside triphophate; DEPC, diethyl pyrocarbonate; EDTA,
ethylenediaminetetraacetic acid; EtBr, ethidium bromide; GST, glu-
tathione Stransferase; MEM, minimal essential medium; mRNA,
messenger ribonucleic acid; oligo(dT), oligodeoxythymidylic acid; OPN,
osteopontin; Osx, osterix; PBS, phosphate-buffered safinéycata
Pinctada fucataPFMGL1,P. fucatamantle gene 1; RT-PCR, reverse
transcription-polymerase chain reaction; Runx2, runt-related transcrip-
tion factor 2; SDS, sodium dodecyl sulfate; SSH, suppression subtractive
hybridization.

In Situ Hybridization (27)Nonradioactive in situ hybrid-
ization was performed on paraffin sections of mantle tissues
of P. fucata Ten probes covering specific regions of the
new genes of th®. fucatamantle mMRNA were provided by
Invitrogen. In brief, slides were fixed in buffered, freshly
prepared 4% paraformaldehyde solution for 10 min and then
incubated in PBS containing 100 mM glycine and PBS
containing 0.3% Triton X-100. After a short washing step
with PBS, sections were digested for 30 min at°87with
TE buffer (100 mM Tris-HCI, 50 mM EDTA, pH 8.0)
containing 1 mg/mL RNase-free proteinase K. Sections were
again postfixed in 4% paraformaldehyde, washed in PBS,
and treated in triethanolamine/acetic anhydride solution (0.1
M triethanolamine, pH 8.0, containing 0.25% acetic anhy-
dride) on a rocking platform. After another PBS washing
step, the slides were wiped dry around the tissue and laid
out flat in airtight boxes on top of filter paper soaked in box
buffer (4 x SSC, 50% formamide). Each section was covered
with 20 mL of prehybridization buffer (50% formamide, 0.6
M NaCl, 10 mM Tris-HCI, pH 7.5, 1 mM EDTA, 50 mg/
mL heparin, 10 mM dithiothreitol, 10% polyethylene glycol
8000, and Denhardt’s solution). Seven milliliters of riboprobe

in 40 mL of hybridization buffer was added to each section,
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Table 1: Primers and Conditions Used for RT-PCR

gene primers PCR conditions bp ref

BMP-2 Fw: B-GTTCTGTCCCCAGTGACGAGTTT-3 36 cycles, 95C for 1 min, 63°C for 30 s, 72°C for 1 min 708 31
Rv: 5-GTACAACATGGAGATTGCGCTGAG-3

osterix Fw: 5GTCAAGAGTCTTAGCCAAACTC-3 25 cycles, 94C for 30 s, 58C for 30 s, 72°C for 1 min 123 32
Rv: 5-AATGATGTGAGGCCAGATGG-3

osteopontin -~ Fw: 5STCACCATTCGGATGAGTCTG-3 30 cycles, 95C for 1 min, 55°C for 2 min, 72°C for1 min 437 33
Rv: 5-ACTTGTGGCTCTGATGTTCC-3

p-actin Fw: B-TGGACTTCGAGCAAGAGATG G-3 23 cycles, 9£C for 1 min, 62°C for 45 s, 72C for45 s 289 34

Rv: 5-ATCTCCTTCTGCATCCTGTCG-3

and the samples were incubated for 16 h at &2 Cell Culture A robustly mineralizing subclone of the
Hybridization was followed by two washes (10 min each) MC3T3-E1 cell line that has been previously described was
at room temperature in wash buffer 2 SSC, 10 mM used in this study30). Cells were seeded at:1 10° cells/
2-mercaptoethanol, 1 mM EDTA). Slides were then im- cn? in six-well plates for transfection and RT-PCR analyses.
mersed in RNase A solution (20 mg/mL) for 30 min at Cells were maintained ia-minimal essential mediunmog
37 °C and washed twice again in wash buffer at room MEM) (GIBCO) with 10% FBS (Hyclone), 10Qtg/mL
temperature and thenrf@ h in wash buffer containing 0.1  streptomycin, and 100 units/mL penicillin. Starting at 90%
x SSC at 55°C. Detection of the labeled and hybridized confluency (typically day 3; day & plating day), the culture
probe was performed using the DIG nucleic acid detection medium was supplemented with 2@/mL ascorbic acid
kit (Roche Molecular Biochemicals) by incubation for 30 (Sigma) and 10 mMs-glycerophosphate (Sigma) to support
min with alkaline phosphatase-labeled anti-digoxigenin Fab differentiation and mineralization. The cultures were main-
fragment (Roche Molecular Biochemicals, 1:700 in 0.1% tained at 37°C in a humidified 5% C@ atmosphere.
goat serum, Tris-buffered saline at room temperature); the Establishment of Transient MC3T3-E1 Cell Lines with
signal was developed using nitro blue tetrazolium/5-bromo- Expression of PFMGIThe coding sequence of PFMG1 was
4-chloro-3-indolyl phosphate as substrate. The probes usecamplified by RT-PCR from MC3T3-E1 with TaKaRa
for positive and negative controls were provided by the advantage 2 Taq DNA polymerase. Primers were designed
REMBRANDT RNA in situ hybridization kit (PanPath). with EcoRl and Sal restriction sites in them, respectively.
Multitissue RT-PCR (28)Total RNA was isolated from  The amplified sequence was subcloned into the pUCm-T and
fresh adultP. fucatamantle, viscera, heart, lip, gill, adductor then digested witlfecoRI/Sal (Promega). pcDNA.3.hiyc
muscle, and viscera tissues using the RAN isolation kit HisA vector (Invitrogen) was used as the expression vector.
(Gentra) according to instructions from the manufacturer. The recombinant plasmid was named pcDNA Byl¢HisA/
Reverse transcription was performed in the presence of 2PFMG1 (pcDNA/PFMG1). The expression vector pcDNA/
ug of RNA, 0.5ug of oligo(dT)s primer, 10 mM dNTPs, 4  PFMG1 was then transfected into MC3T3-E1. As a vector
uL of 5 x reaction buffer, M-MuLV transcriptase (Sangon), control, MC3T3-E1 cells were transfected with empty
RNase inhibitor, and RNase-free water in a total volume of pcDNA.3.1mycHisA under the same conditions.
20 uL. A control reaction was performed in the absence of  Immunoblot AnalysisCells were harvested and washed
reverse transcriptase; control samples were otherwise treatetice with ice-cold PBS. The lysates were achieved with
identically. One microliter from the reverse-transcribed TEN-T buffer (150 mM NaCl, 10 mM Tris-HCI, pH 7.4, 5
cDNA was used for each RT-PCR reaction. The reaction mM EDTA pH 8.0, 1% Triton X-100, 1 mM PMSF, 2g/
mixtures were also composed of 2@ each of four mL aprotinin) and then subjected to 10@0€entrifugation
deoxynucleotide triphosphates along with Mg mM), at 4 °C for 10 min. Protein levels were quantified using
10 x PCR buffer, and 1.25 units of DNA polymerase bicinchoninic acid assay (Beyotime). Total proteins (&
(Sangon). This reaction mixture was then denatured (90 s atlane) were fractioned by 12.5% SB®olyacrylamide gel
95 °C) followed by 35 cycles of 40 s at 94C, 30 s at electrophoresis for PFMG1 anftactin protein and subse-
58°C, 40 s at 72C, and finally 5 min at 72C for complete quently transferred to PVDF sheets. After blocking with
polymerization. TTBS (50 mM Tris-HCI, pH 7.4, 0.5 M NacCl, 0.05% Tween
Effect of GST-PFMG1 on CaGQ@rystallization PFMG1 20) containing 5% (w/v) skim milk, the sheets were incubated
was cloned into PGEX-4T-2 (Amersham), was expressed in with c-Myc antibody (Santa Cruz) or witB-actin antibody
Escherichia coli and was purified (data not shown). For (Sigma) at £C overnight. Blots were then detected with an
crystallization experiments, saturated Ca®0lutions were ~ ECF western blotting kit (Amersham). The densities of
prepared29). Thirty to fifty milliliters of 100 mM NaHCQ sample bands were determined using a fluorescence scanner,
was added to 120 mL of 40 mM CagGWhile stirring until Storm 860.
the solution became turbid. Then the pH was adjusted to RT-PCR Total RNA was isolated from treated cells using
8.2 with 1 M NaOH. The solution was centrifuged and the Trizol reagent (Sangon) and immediately reverse-
filtered sterile. Fifty microliters of 1 mg/mL GST-PFMG1 transcribed using oligo-p(digprimer and M-MuLV reverse
in Tris buffer (pH 8.2) was added to 150 mL of the saturated transcriptase (Sangon) according to the manufacturer’s
solution on a glass plate. As two negative controls, buffer protocol. Equal cDNA input amounts were determined by
solutions with and without 1 mg/mL GST were used. The g-actin cDNA amplification. The primer sequences, anneal-
positive control was buffer solution with 1 mg/mL proteins ing temperature, and cycle numbers for the amplification of
extracted from nacre. A Leica DMIRB microscope was used each gene are listed in Table 31¢34). Then the PCR
for the morphological observation of the induced crystals. products were separated on 1.5% agarose gels, stained with
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Ficure 1: RT-PCR for analysis of novel EST expressiongin
fucata Lanes: 1, mantle; 2, lip; 3, gill; 4, heart; 5, adductor muscle;
6, viscera. A housekeeping gefieactin is included as a positive
control.

EtBr, and photographed under UV illumination (Imagemaster
VDS; Amersham).

.
dit

RESULTS Probe W Probe D

) . . . (Tester=W; Driver=D) (Tester=D; Driver=W)
Suppression Subtraet Hybridization Experimentin

order to identify genes that may be highly expressed in the Ficure 2: Reverse Northern dot blotting of PCR products from

the SSH library: (A) membrane 1 (left) and membrane 2 (right);
mantle ofP. fucata we employed the SSH approach. The (B) membrane 3 (left) and membrane 4 (right); W plate 4] and

mRNAs from the mantle (tester) and other tissues (driver) w’plate (5-8), 768 forward subtracted clones using probe W; D
of P. fucata were isolated. In the subsequent agarose plate (+-4), 384 reverse subtracted clones using probe D as control.

electrophoresis, the different-sized subtracted cDNA frag-

ments of the mantle sample were detected on 2% agarosefnempranes 1 and 2 there are 108 clones that are expressed
EtBr gel. The recombinant clones, including 768 clones from 4 times higher in the mantle than in other tissues, and 34 of
the previous subtraction and 384 clones from reverse the clones are expressed 10 times higher (Figure 2A). In

subtraction, were identified by PCR and detected on 2% mempranes 3 and 4 there are 101 clones that are expressed
agarose/EtBr gel (data not shown). The results suggest thal times higher in the mantle than in other tissues, and 35

we obtained ESTs that are highly expressed in the mantle;|ones are expressed 10 times higher (Figure 2B).
of P. fucata Construction of a Mantle Tissue cDNA Libraryotal
Identification of Partial Differentially Expressed ESTs in RNA was isolated from 0.5 g of mantle tissue using Trizol
the Mantle by RT-PCRNe randomly selected five (MA124,  reagent (GIBCO). The quality of total RNA was proven by
MA247, MA186, MA133, MA276) from the identified ESTS,  A,qs0absorbency and 2% agarose electrophoresis (data not
and they were examined and found indeed to be highly shown). The products were digested 8fi and then
expressed in mantle tissue (Figure 1), which confirms the fractionated by gel filtration through Sepharose spin-400. The
SSH method. cDNA products were then cloned into the pBluescript Il SK
Reverse Northern Dot Blotting In order to confirm vector. We obtained 1 mL of ligation product. Then we
differential expression of subtracted clones in mantle tissue, transformece. coli DH5a. using 1uL of the ligation products
we detected the above 1152 clones by reverse Northern doto prove the library quality. There were 1020 clones on one
blotting (Figure 2). Total signal value homogenization was plate and among them 9 blue clones, so the recombination
used for data analysis. We focused on the 768 clones thatrate was more than 99%, and the pool size was abouk 1.0
may have high expression in the mantleRoffucatafrom 1(P. We sequenced 40 clones, blasted these sequences against
former subtraction. The results show that 647 ESTs are the nr database, and found that 14 of them could be evaluated
highly expressed in the outer mantle & fucata In on integrality € value less than 1e09). Among the 14
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Table 2: Molecular Cloning of Ten Novel Genes in the MantlePoffucata

GenBank cDNA poly(A) signal peptide putative
gene name accession no. length (bp) tail site (bp) cleavage site (bp) protein (aa)

homologous gene and conservative domain

PFMGE® DQ104255 856 830856 20 and 21 136 calcium-binding protein CBP-1

PFMG2 DQ104256 1239 1230239 not found 190 CH, calponin homology domain

PFMG3 DQ104257 639 61639 23 and 24 121 similar to fertilin alpha-II

PFMG4 DQ104258 681 653681 19 and 20 158 C1Q, complement component C1q domain

PFMG5 DQ104259 724 696724 not found 108 not found

PFMG8 DQ104262 764 not found 21 and 22 223 not found

PFMG9 DQ116436 917 888017 25 and 26 199 not found

PFMG10 DQ116437 764 not found 18 and 19 209 KAZAL, Kazal-type serine protease inhibitors and
follistatin-like domains; OATP, organic anion
transporter polypeptide (OATP) family

PFMG11 DQ116438 1089 10611089 16 and 17 191 articulin

PFMG12 DQ116439 831 806831 21 and 22 158 KU domain, BPTI/Kunitz family of serine protease
inhibitors

aPFMG = P. fucatamantle gene.

sequences, 4 were integrated and 2 were probably integrated. imm .
So the integrality rate is (4 2)/14 x 100% = 42.85%.

The above test of the library quality proved that this library
is eligible for the following gene cloning.

Cloning of the Noel Genes by Nested PCRrimers were
designed according to the EST sequence previously men-
tioned and were used in PCR assay with advantage 2 DNA
polymerase (Clontech) and the mantle cDNA libraryPof
fucata as template. The PCR fragments were cloned into
pUCm-T vectors and sequenced. Ten novel genes were
identified by nested PCR and submitted to GenBank and
were given accession numbers DQ104258)104259,
DQ104262, and DQ116436>Q116439 (Table 2). Table 2
shows that eight novel genes have a signal peptide (PFMGL1,
PFMG3, PFMG4, and PFMGS8L2). Most of these genes s N K DGV YVTHETDI K H1F DN E K
have a conserved domain or homologous genes, and the TrescTeAAGTETTCTTTTCGGAGGCTGATGAAAACGATGATGAACAGATATCGACCAGT
length is between 724 and 1239 bp. The sequence lengthof -+ A e v F Fs E A D ENDDE® QI ST S
their encoding proteins is between 108 and 199 amino acids. "’:‘T“:“G‘;"’:’:“f‘:’cf“r“:“‘;”:“:“:“;”mmmm

Sequencing and AnalysiBFMGL1 has a high homology TTGAARACAGTTTGTTTAATGGTTGTGTGTATAAATATCCTGAATACGAAATCCTTATCT
(40%) with Onchocercavolvulus calcium-binding protein

DSNEDGVWTHED! KHI-FD-—  NEKLAEVFFSEADEN DOEQISTS EFKDFKSRING 132
O volvulus 313 CRDGSGTVTMDE AKRIAFDHYGFDEKTLGPFFAQADENEDG CLDPVEFAGFRSVIRH 369
Iderkibes = 23/57 (40%)

B

GGTATGTCAAAGGCCTTTTCGTTACTCAGAACAGGGACTGACATCGAGGTTTAGAATATG
M
AGATTTCTCACCATAATTGCAACGGTCCTTGTCCTTGGCGTCGTAGTTTGTGATGCGAGA
RF LT I I AT VLV LGV V VCDAR
AAACGATGGTGGAGGAGGGCCACGAAAAAAGTTGAACTGAAACCGGAAATAGGGAGAGGA
KR WWRR A THKHKVELIKPEI G R G
GOAGATTGGAAGGTCTCGGGAGGAATATCTATCTCATGGC GAAAGAAGAGAAGCATAGAG
G DWK VS8 G G I 81 8 WR KK R 8 | E
AAACAAGGAAAATTCAACATAGAGTTGACGTTGAATCCATGCGATCTCATGTCTTATGAC
K Q 6 KF NI EL TL NPC DLMSYUD
TCGAACAAGGACGGAGTGGTTACCCATGAAGATATAAAACATATATTTGATAATGAAAAG

ACTGTTTCTGTACAGAACATTATATATAAGTTGTAGGTATT TCATTTAAATGTAATCAAG
CBP-1. On the basis of this, we think that PFMG1 may be
a calcium-binding protein, so it could be responsible for the
nucleation of calcium compounds and may participate in
nacre formation (Figure 3B). The deduced protein is com-

TCTTTTCGGTTTT T TAATTACTATAACTTTCTCTGCCTTATCCTTGTGATTTTTTACATG
TAGCAACTGTATGTAAACAT GTTTGTAAATATTGAGAATGTTTCACAAAAGAACGTCTAT
TACGAAAAGATTTGTATTT TGATAATACCATATTTT TAAAGAAAAAAATGTATAGAATAT
ATATTTTTGTATACAAAATAAATTTGTTT TCAAGAAAACAAATATCCCCAAAAAAAAAAA
ALAARAAAAANAAANN

posed of 136 amino acids and has an estimated moleculaFicure 3: Sequence analysis. The initial codon and the stop codon
mass of 15.7 kDa with an isoelectric point of 7.69. A search are in blue letters, and the two EF-hand domains are in red letters
for the protein domain in the PROSITE database revealed g?;)(i ;';eh%ﬁgg“cevs\l;’;egg rﬁ”ggéeveitﬂst'ﬂg sBe'alSJter(]’:gsBi'% Séoefa’;’gﬁl'(
two EF-hand c'alcium—binding domains from the 819_,t to th_e PEMG1 has a I%h homolo%y (40%) wild, Ugluulus calcium- '
93rd amino acid and from the 98th to the 133rd amino acid pinding protein CBP-1 (B).

in the deduced amino acid sequence (Figure 3A).

In Situ Hybridization To confirm the high expression of i:\* b B
PFMG1 mRNA in mantle tissue, we used paraffin-embedded J/" . . "
mantle sections of the pearl oysté. fucatg. Strong mRNA oy T o S
hybridization signals were detected in the cells of the mantle. ? <o )
The positive control showed that hybridization signals were =~ .
distributed throughout the mantle section, while no hybrid- ' e :
ization signal was detected in the negative control (Figure FIGURE 4: In situ hybridization of PFMG1 mRNA in the mantle
4). The probes used for positive and negative control were ©f P- fucata The PEMGL transcript was detected in the mantle

. LY L paraffin section with the digoxigenin-labeled RNA probe. A strong
p_rOVIded by the REMBRANDT RNA in situ hybridization hybridization signal is present in the outer epithelia of the mantle
kit (PanPath). (purple staining). (A) PFMG1; (B) positive control; (C) negative

Identification of Partial Differentially Expressed PFMG1 control. Original magnification: 409.
in the Mantle by RT-PCRPFMG1 was examined and found
indeed to be highly expressed in mantle tissue (Figure 5). of GST-PFMG1 (Figure 6C) exhibited morphological changes

Effect of GST-PFMG1 on CaGCCrystallization In the compared to crystals formed in the two negative control
crystallization experiment, crystals formed in the presence solutions (Figure 6A,B), while crystals formed under the




Gene Cloning irP. fucata Biochemistry, Vol. 46, No. 3, 200849

A pcDNA pcDNAPFMGH
PFMG1

anti-c-myec

1 2 3 4 5 6
B-actin ¥
anti-B-actin
o8 D

Ficure 5: RT-PCR for analysis of PFMG1 expressiorPinfucata

Lanes: 1, mantle; 2, lip; 3, gill; 4, heart; 5, adductor muscle; 6,
viscera. A housekeeping gerfeactin is included as a positive B
control.

18.7KD

24h

1 2
Il _

bmp-2

B-actin

Ficure 7: (A) Transient expression of PFMGL1 in MC3T3-EL1 cells.
Immunoblot analysis of PFMGL1. Total cell lysate isolated from
vector-transfected or stably transfected pcDNA/PFMGL1 clones were
analyzed for PFMGL protein by immunoblot analysis using an anti-
c-Myc antibody (1:500) recognizing human c-Myc (amino acids
408-439) or an antp-actin monoclonal antibody (1:500000).
Western blot analysis of cells was performed 24 h after transfection.
Lanes: pcDNA, vector alone transfected cells; pcDNA/PFMG1,
pcDNA/PFMGL1 expression vector transfected cells. (B) Effects on
the mRNA expression of osteoblast marker genes by expression
of PFMGL1 cells. 90% confluent osteoblasts were incubated for 6
days, and RNA was extracted. 1 mg of total RNA was reverse-
transcribed, and the equivalent of Qufy was subjected to PCR
using primer pairs and conditions as described in Table 1. Similar
results were observed in three independent experiments. Lanes: 1,
treatment of Tris or GST showed no difference from the expression of PFMG cells; 2, cells transfected with empty pcDNA

natural CaC@crystals (data not shown). The morphological vector.
changes are almost the same in the presence of GST-PFMG1

(Figure 6C) and proteins extracted from nacre (Figure 6D). DISCUSSION
Crystals formed in the negative control solution (Figure
6A,B) are cubic, while in the solution with GST-PFMG1 h
(Figure 6C) and proteins extracted from nacre (Figure 6D),
many crystals are rhombic. These results indicated that
PFMG1 affected the nucleation and growth of CaCO proteins, the study on the function of relative proteins still

crystals. remains hypothetical. The results of previous studies have

Transient Expression of PFMG1 in MC3T3-E1 Cells To revealed that calcium carbonate crystals are constructed under
Investigate the Impact of PFMG1 Expression on Osteoblastic the control of multiproteins, not a single protein. Therefore,
Function MC3T3-EL1 cells transduced with p)cDNA/PFMGL  ynderstanding the mechanisms of biomineralization of pearl
were cultured and compared to cells transduced with the shells depends on not only the cloning and study of genes
empty pcDNA vector. After 24 h from transfection, cells encoding the pearl matrix proteins but also the study of genes
were collected and analyzed if PFMG1 protein could be jnvolved in the regulation of mineralization.
expressed. As Figure 7A showed, pcDNA/PFMGI trans-  |dentifying the functional genes involved in nacre biom-
fected cells expressed PFMG1 protein with a myc tag at 19 jneralization will not only be beneficial for further studies
kDa, which could be examined by c-myc antibody (recog- on the molecular mechanism of nacre biomineralization but
nized c-Myc amino acids 468439), while vector alone  may also boost the output and quality of pearls through
transfected cells expressed no protein at 19 kDa (Figure 7A). ioengineering.

BMP-2, Osteopontin, and Osterix Were Upregulated in  Suppression subtractive hybridization is a powerful tech-
PFMG1 Expression Osteoblasts was examined whether  nique that enables researchers to compare two populations
expression of PFMG1 affected the expression of marker of mMRNA and obtain clones of genes that are expressed in
genes of the osteoblast phenotype. For this purpose weone population but not in the other. Furthermore, this method
performed RT-PCR using primers for the housekeeping genecan prevent undesirable amplification while enrichment of
f-actin. The osteoblast markers BMP-2, osteopontin (OPN), target molecules proceeds. This study is the first time that
and osterix (Osx) were remarkably increased by expressionthis method has been performed Bnfucata As a result,
of PFMG1 (Figure 7B). 768 clones with high expression in the mantle were obtained,

Ficure 6: Light microscopic images of crystals grown in a
saturated CaCgxsolution. (A—D) Crystals formed in the presence
of Tris solution, GST, GST-PFMGL, and proteins extracted from
nacre, respectively (460 magnification). The crystals in (A) and
(B) are cubic, while many are rhombic in (C) and (D).

Research concerning biomineralization of the pearl shell
as mainly focused on the identification of certain proteins
or peptides involved in mineralization. Due to the limitations
of experimental methods and the small quantity of purified
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of which 647 ESTs were confirmed in the subsequent reverseexpressed PFMG1 might be an upstream factor of BMP-2.
Northern dot blotting (Figure 2). On the basis of the ESTs How the PFMG1 protein functions in the BMP pathway will
and the mantle cDNA library, we identified ten novel genes be further characterized in our study.

So that PFMGL1 can be closely involved in the nacre
Five randomly selected ESTs (MA124, MA247, MA186, biomineralization, the SSH method can pave the way for

by nested PCR (Table 2).

MA133, MA276) from the ESTs identified by SSH were

the bulk cloning and characterization of new genes involved

examined and found indeed to be highly expressed in mantlein biomineralization inP. fucataand may accelerate the
tissue (Figure 1), which confirms the SSH method. Three research on the mechanism of pearl formation.

of the five examined ESTs (MA124, MA247, MA276) are

found also to be positive in the viscera sample (Figure 1). REFERENCES

This may be because, in the SSH process, the viscera and

other tissues were together used as the driver, so the
concentration of the three ESTs in viscera was diluted.
Therefore, in the multitissue RT-PCR, the three ESTs became
positive when examined in the viscera sample (Figure 1).

PFMG1 has a high homology (40%) witB. volvulus
calcium-binding protein CBP-1 (Figure 3). On the basis of
this we think that PFMG1 may be a calcium-binding protein.
PFMG1 has two EF-hand calcium-binding domains from the
81st to the 93rd amino acid and from the 98th to the 133rd
amino acid in the deduced amino acid sequence. So it could
be responsible for the nucleation of calcium compounds and
may participate in nacre formation.

The results of multitissue RT-PCR and in situ hybridization
confirm that PFMGL is indeed highly expressed in mantle
tissue, a tissue which is responsible for the secrecy of many
organic matrixes and is vital to pearl formation. And the
results confirm the SSH method (Figures 4 and 5). It is also
interesting that the PFMGL1 is expressed in the adductor
muscle. The EF-hand proteins have been found and char-
acterized in a wide range of living organisms including
bacteria, plants, and animal35] and have a wide range of
functions including calcium buffering, transport, signal
transduction 36), and muscle contractio37(). The PFMG1
protein may be involved in signal transduction during this
process, leading to the biomineralization of nacre when it
binds C&".

The results of GST-PFMG1 on Ca@Q@rystallization
indicated that PFMG1 affected the nucleation and growth
of CaCQ crystals. PFMG1 may play a significant role in
the biomineralization process of pearl formation (Figure 6).

It is observed in PFMGL1 expression osteoblasts that a
significant upregulation of BMP-2, OPN, and Osx gene
transcripts relative to normal cells occurs (Figure 7). These
markers are considered to be highly predictive of the
differentiated osteoblast phenotype. But the transcriptional
regulation of these genes is not well characterized. BMPs
were discovered for their ability to induce cartilage and bone
formation from nonskeletal mesodermal cells and are now
of considerable interest as therapeutic agents for healing
fractures and periodontal bone defects and for inducing bone
growth around implants and prosthes&®)( BMP-2 is
accumulated in the extracellular matrix (ECM) and is able
to stimulate ectopic bone formation in vivo and osteoblastic
differentiation in vitro. It stimulates the expression of three
osteogenic master transcription factors: Runx2, DIx5, and
Osx (39). Osx was commonly stimulated in osteogenic and
nonosteogenic cells in response to BMP signaling. Our results
showed that expression of PFMG1 remarkably increased
mRNA of BMP-2, Osx, and OPN. This suggested that the
effects of PFMG1 expression on osteoblast differentiation
and mineralization might be through BMP signaling and the
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