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The following specific forward and reverse primers were constructed for the plasma membrane
Ca-ATPase (PMCA) and for arginine kinase (AK, as a constitutively expressed control4):
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AK F51:
AK R31:

PMCA F3:
PMCA R4:

In order to address these questions, blue crabs were collected prior to the molt (stages D2 and 
D3), immediately upon molting (0 h), and at 1, 2, 3, 4, 6, 8, 12, 24 and 48 h postmolt. Pieces of 
dorsal carapace and arthrodial membrane were excised, the hypodermis was separated from the 
exoskeleton with forceps, and the hypodermis stored in RNA Later (Ambion) and stored at -20°C. 
Total RNA was extracted using the spin-column RNeasy Protect Mini Kit (Qiagen), with the 
following modifications to increase yield and quality of RNA. Tissue was homogenized in 1ml 
TRIzol (Invitrogen). RNA was eluted from the column in 30 pl nuclease-free water (Ambion), 
and the eluate was passed through the column a second time to increase the yield. mRNA was 
reverse-transcribed to make first-stand cDNA (SuperScript II kit, Invitrogen).

CGC TGA GTC TAA GAA GGG ATT 
GAT ACC GTC CTG CAT CTC CTT

TTG AAC CGA TGG CGT GTA AT 
TGA TGT CTG AGG CTT CTT TTG

I
Partial nucleotide sequence and expression of plasma membrane Ca-ATPase in the 

hypodermis of the blue crab, Callinectes sapidus
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Being bound by an exoskeleton, crustaceans must molt in order to grow. The exoskeleton of 
the brachyuran crabs is hardened, in many areas, by both sclerotization and impregnation with 
calcium carbonate6'7. During the preparation for an ensuing molt, mineral is resorbed from the 
old, calcified exoskeleton by the underlying hypodermis. Following the molt, mineral is deposited 
by the hypodermis in the new exoskeleton4. In addition to the temporal changes in mineralization, 
there are spatial differences as well. The exoskeleton of the branchial chamber, gills and 
arthrodial membrane of the joints does not calcify.
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Physiological3’10’11, biochemical3, molecular12’13, histological3,7 and immunocytochemical12 
data indicate that a Ca-ATPase is involved in the hypodermal transport of calcium out from the 
exoskeleton during premolt resorption and into the exoskeleton during postmolt deposition. The 
precise timing of the induction of Ca-ATPase expression in the hypodermis during the pre- and 
postmolt stages is not known. Moroever, the differences in expression pattern between those 
tissues that mineralize (e.g. the dorsal carapace) compared to those that do not (e.g. the arthrodial 
membrane) has not been studied. The latter question is particularly important in understanding 
the control of the mineralization.
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Fig. I. Semi-quantitative analysis of the 
expression of Ca-ATPase mRNA (PMCA) 
compared to arginine kinase (AK) in the 
hypodermis of dorsal carapace (C) and 
arthrodial membrane (A), before the molt 
(D2, D3) and from 0 to 48 h postmolt.

The upregulation of Ca-ATPase during early postmolt supports previous data implicating this 
enzyme in the postecdysial mineralization of the pre-exuvially deposited epi- and exocuticle and 
the post-exuvially deposited endocuticle4. Interestingly, there was at least as much Ca-ATPase 
expressed in the non-calcifying arthrodial hypodermis as there was in the calcifying dorsal tissue. 
This suggests that the lack of calcification in the arthrodial membrane is not due to the inability of 
the hypodermis to transport calcium, but to differences in the nature of the organic matrix 
comprising the two cuticle types1,8'9.

The mRNA was contaminated with 
genomic DNA. The segment of the genomic 
DNA that amplified along with the cDNA 
bore one intron, resulting in two PCR 
products. It was, therefore, not possible to run 
quantitative PCR. However, the results of a 
semi-quantitative comparison showed low 
levels of expression of Ca-ATPase, relative to 
arginine kinase, until 4 h postmolt in both 
dorsal carapace and arthrodial membrane (Fig. 
1). Between 4 h and 48 h postmolt, there is a 
marked upregulation in the expression of the 
Ca-ATPase mRNA.

This work was supported by a MDIBL New Investigator Award (RDR) and by grant (IBN 01- 
14597) from the National Science Foundation (RDR).

The PCR product was run on an agarose gel, stained with ethidium bromide, photographed, and 
the appropriate band was cut from the gel and extracted using the QiaQuick kit and protocol 
(Qiagen). The gel-purified cDNA was quantified by agarose gel electrophoresis and sequenced on 
an AB1 Prism 3 100 sequencer at the Marine DNA Sequence Center at MDIBL.
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The translation of the portion of the 
Callinectes Ca-ATPase sequence that was 
amplified revealed a high degree of amino acid 
identity with that of the enzyme from the 
crayfish, Procambarus clarkii2 (Fig. 2).
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MGDDANSSIEFHPRPNQRRDGNQAGGFGCSLMELRSLMELRGLEAWKIQEDYGDVEGLC

RRLKTSPTEGLADNTNDLEKRRQIYGQNFIPPKKPKTFLQLVWEALQDVTLIILEIAAIV

SLGLSFYRPPGETGGGAAAGGAEDEGEAEAGWIEGAAILLSWCWLVTAFNDWSKEKQF

RGLQSRIEQEQKFTWRNGQVLQIPVAELWGDIAQVKYGDLLPADGVLIQGNDLKIDER

SLTGESDHVRKSADKDPMLLSGTHVMEGSGRMWTAVGVNSQTGIIFTLLGAGAEEEEVE

AKKRKKEAKKQRKKQKKGDSGEELIDANPKKQDGEMESNQIKAKKQDGAAAMEMQPLKSA

EGGEADEEEEKKVNTPKKEKSVLQGKLTKLAVQIGKAGLVMSAITVIILVLYFGIETFW

EGRPWTPVYIQYFVKFFIIGVTVLWAVPEGLPLAVTISLAYSVKKMMKDNNLVRHLDAC

ETMGNATAICSDKTGTLTTNRMTWQSYIGDEHYKEIPDPGSLPPKILDLLVNAISINSA

YTTKILPPDKEGDLPRQVGNKTECALLGFVLDLKRDYQPIRDQIPEEKLYKVYTFNSVRK

I
CITQDSPLKAVQMLWVNLIMDTFASLALATEPPTESLLLRKPYGRTKPLISRTMMKNILG

HAVYQLLIIFTLLFVGEGFFDIDSGRNAPLHSPPSEHYTIIFNTFVMMQLFNEINARKIH

GERNVFDGIFSNPIFCTIVLGTFGIQIVIVQFGGKPFSCTPLPAEQWLWCLFVGAGELVW

GQVMATIPTSQLKSLKGAGHEHRKDEMNAEDLNEGQEEIDHAERELRRGQILWFRGLNRI

QTQIEWNAFKSGSSVQGAVRRPSSILSQNQDVTNVSTPSHASSGMPLAL
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SMSTWPMRDGGFRIYSKGASEIVLKKCSQILNRDGELRSFRPRDKDDMVRKVIEPMACD

I
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GLRTISIAYRDFVRGKAEINQVHFENEPHWDDEDHIINNLTCLCVLGIEDPVRPEVPDAI
GLRTICIAYRDFVRGCAEINQVHFENEPNWDNENNIMSDLTCLAWGIEDPVRPEVPDAI*****,********* ******************.*.#**********************

VDKVWVNLRVLARSSPTDKYTLVKGIIESKVSANREWAVTGDGTNDGPALKMADVGFAM
IDKVWPKLRVLARSSPTDKHTLVKGIIDSTTNDQRQWAVTGDGTNDGPALKKADVGFAM• **** : ************•*******.*ew .**************** *******

i GIAGTDVAKEASDIILLDDNFNSIVKAVMWGR----------------------------
GIAGTDVAKEASDIILTDDNFTSIVKAVMWGRNVYDSISKFLQFQLTVNWAVIVAFTGA **************** **** **********

Fig. 2. Comparison of the deduced amino acid sequence of the partial transcript of Callinectes sapidus Ca-ATPase 
with that from Procambarus clarkii.

HKCQRAGITVRMVTGDNINTARSIASKCGILKPGDNSLILEGKEFNRRVRDSTGKIQQHL
QKCQRAGITVRMVTGANINTARAIASKCGIIQPGEDFLCLEGKEFNRRIRDESGCIEQER
*************** A*****;*******..**.. * ************(.* *•*,



The Bulletin, MDI Biological Laboratory V. 44. 2005

1.

2.

3.

4.

5.

6.

7.-

8.

9.

13. Ziegler, A., D. Weihrauch, D.W. Towle and M. Hagedorn. Expression of Ca2+-ATPase and Na+/Ca2+-

43

■ ■—

i
=
!

=

exchanger is upregulated during epithelial Ca2+ transport in the hypodermal cells of the isopod Porcellio scaber. 
Cell Calcium 32: 131-141, 2002.
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