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A new oyster carbonic anhydrase in Crassostrea gigas

Nao Okumura1  and Hiroshi Miyamoto1

Abstract

In metazoans, carbonic anhydrase（CA）is a common enzyme that catalyzes the reversible hydration of 

carbon dioxide. CA plays important roles in many biological processes, and in molluscs several CA-like 

proteins are thought to be responsible for calcification in shell formation. As part of our investigation of 

the process of shell formation, we searched for a CA gene in the oyster Crassostrea gigas, with resultant 

identification of a single cDNA that encodes two CA domains. This atypical CA is similar to an α-CA and is 

mainly expressed in the egg. This suggests that the newly identified CA is responsible for production of 

bicarbonate in the early development phase prior to metamorphosis.
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1.  Introduction

The current understanding of the increase in mineralized structures during the Cambrian includes the 

proposal that biological apparatuses enabling a mineralization process such as calcification developed 

during this period（1）. It remains unclear how calcified hard tissues are encoded at the molecular level, 

particularly with regard to the process of crystallization of calcium carbonate and growth of calcified hard 

tissues such as shells in molluscs. Information on molecules involved in biomineralization is limited and it 

is uncertain if toolkits for shell biomineralization are evolutionarily related among metazoans that possess 

mineralized hard tissues.

Many organisms have developed CO2-concentrating mechanisms in which inorganic carbon is produced 

in the form of bicarbonate by the action of carbonic anhydrases（CAs）. CAs are widespread zinc-

containing enzymes that catalyze reversible hydration of carbon dioxide to bicarbonate（2）. Based on 

sequence information, CAs are classified into five groups: α（mainly animals）, β（eubacteria）, γ（archea 

and some eubacteria）, and δ and ζ（marine diatoms）（3）. In mammals, at least 16 α-type CAs have been 

reported（4, 5）. In molluscs, several CAs and CA-related molecules have been identified and are thought to 

have a role in calcification in shell formation（6−10）. In this study, we isolated a new CA gene from the 

oyster Crassostrea gigas and characterized its primary structure, with the goal of obtaining more 

information on the roles of CAs in shell biomineralization.

2.  Materials and Methods

2.1 RNA isolation

Tissues were dissected from one specimen of C. gigas and washed in artificial seawater. Following　
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homogenization in Trizol reagent（Invitrogen）, homogenized tissues were subjected to RNA isolation. 

RNAs were further purified using an RNeasy kit（Qiagen）. 

2.2 cDNA amplification

Total RNA（10 µg）from the mantle was subjected to first strand cDNA synthesis in a 25 µl reaction 

containing 50 mM Tris-HCl（pH8.3）, 40 mM KCl, 6 mM MgCl2, 10 mM DTT, 0.5 mM dNTP, 20 ng/µl 

oligo-dT primer, and 8 unit/µl Superscript II reverse transcriptase（Invitrogen）at 42℃ for 2 hours. PCR 

amplification was carried out using AmpliTaq gold（Applied Biosystems）and primers based on the 

conserved domains of CAs in mammals and nacrein in pearl oyster: a 5′ primer〔MRMCARTCICCAAT 

Fig. 1．�Nucleotide and deduced amino acid sequences of the C. gigas CA. 
DDBJ/EMBL/GenBank accession number: AB794884.
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corresponding to RQSP〕and a 3′ primer〔TRTGYTCITGNCC corresponding to GSEHS〕. The PCR 

amplification product was ligated into the pGEM-T easy TA cloning vector（Promega）. To obtain the 5′- 

and 3′-ends of the oyster CA, RACE were performed according to the manufacturer’s instructions（Takara 

Bio）using 2 µg of  mantle  poly（A）+ RNA and specif ic  pr imers :  an ant isense primer 	

5′- C A T T G A G G G T G G G G T C A T A G A T G G C - 3′ f o r  5′- R A C E  a n d  a  s e n s e  p r i m e r  5′- 

CTGCAGTATATAGCACCGCCCAGTT -3′ for 3′-RACE. Both ends were cloned described above.

2.3 Sequence analysis

Plasmids containing the oyster CA cDNAs were purified from Escherichia coli and used in a dye-

terminator reaction with a Big-Dye terminator kit（Applied Biosystems）. Each sequence was assembled 

and translated into an amino acid sequence.

2.4 Northern blot analysis

Total RNA was separated by electrophoresis in a 1% agarose gel containing formaldehyde, and then 

transferred to a Hybond-N filter（GE Healthcare）. After hybridization at 65℃ , the filter was washed in 0.5

× SSC at 65℃ and then subjected to signal detection by BAS2500 Image analyzer（Fuji film）.

Fig. 2．�Schematic representation of the C. gigas CA（A）and comparison of the two CA 
domains（B）. A dash indicates a gap added to the sequences.
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3. Results and Discussion

RT-PCR amplification using the mantle RNA of C. gigas permitted identification of a cDNA fragment（246 

bp）with similarity to known CAs. To obtain the entire sequence of the oyster CA, we performed 5′- and 

3′-RACE using the determined cDNA sequence as a source of primers. The nucleotide and amino acid 

sequences of the C. gigas CA are shown in Figure 1. The cDNA is 2422 bp in length and has an open 

reading frame of 2352 nucleotides coding for a protein of 784 amino acids. The predicted protein is 

composed of two CA domains（Fig. 2A）that are highly conserved（Fig. 2B）and show 20-40% identity 

to α-CAs of metazoans. Since the two CA domains retain critical conserved histidine residues in the zinc 

binding site, this protein is likely to have CA enzymatic activity. To determine the role of the oyster CA, 

expression levels of the CA gene were investigated by northern blot analysis. The results showed that the 

oyster CA is mainly expressed in the egg. In most conchiferans, shells are formed prior to 

metamorphosis（11）, and in bivalves, shells are found at least at the stage of D-shape larvae, which have 

calcified structures. Therefore, it is possible that the newly identified atypical CA is involved in early 

calcification prior to metamorphosis in the oyster.
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和 文 抄 録

マガキの新規炭酸脱水酵素

奥　村　奈　央 1、宮　本　裕　史 1

炭酸脱水酵素は後生動物に広く存在しており、二酸化炭素の水和を可逆的に触媒する。機能的には様々

な生命過程で重要な役割を担っており、軟体動物では炭酸脱水酵素や類似タンパク質が貝殻形成における

石灰化に関与していることが示唆されている。本論文では、貝殻形成の過程を調べる研究の中で同定した

マガキの新規炭酸脱水酵素について報告する。単離した cDNA は、二つの CAドメインを有しており、典

型的な炭酸脱水酵素とは構造が異なっていたが、それぞれの CAドメインはαタイプの炭酸脱水酵素との

類似性を示した。また、今回同定した新規炭酸脱水酵素は卵での発現が著しく高く、変態前の重炭酸イオ

ンの生成を担っていると推察される。
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