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Fig. 1 The settlement-competent cypris larva of the barnacle Megabalunus rosa.
A: Comparison of the size of a larva (circle right below) with that of a rice grain (left). The size of the larva is less than 1 mm. B: A
settled larva. The square indicates the settlement site at which the larval cement was released.
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Fig. 2 Summary of the EST analysis from M. rosa cyprid cement gland full-length cDNA library.
See details in the text.
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Fig. 3 Summary of the EST analysis from M. rosa cyprid cement gland subtraction cDNA library.
See details in the text.

Table 1 Characteristics of larval cement related proteins.

Name Ccg-BSP Ccg-ASPs Ccg-57K Ccg-36K Ccg-TRPs Ccg-Pls
Prot
Homology No significant homology to any known genes ir:f?ikfﬁzers
Signal peptide* © © © © © ©
# of AAs? 102 100 548 380 2 types 4 types
# of AAs(-SP) * 83 74 524 364 2 types 4 types
Predicted M.W. (-SP)* 9.8 kDa 8.0 kDa 56 kDa 40 kDa - -
Predicted pl (-SP)® 12.16 acidic 10.68 11.96 - -
Predicted hydrophobicity hydrophilic hydrophilic hydrophilic hydrophobic - -
Arg Asp Gly Leu
Cys Pro Thr Ar
Abundant AAs® Y g Tyr rich Cys rich
Lys Lys Lys Val
Pro Ser Ser, Arg Pro
Gene Larval stage ’ cyprid cyprid cyprid Nauplius6(l11) cyprid -
expression | Cyprid organ cement gland more carapace —
Recombinant protein expression X © © X © ©
. . . . covalent bond . .
Putative function cohesion or adhesion ? formation ? antibacterial ?

: Presence of signal peptide in ORF was determined by SignalP 3.0 server.

: Total number of amino acid residues of ORF.

: Total number of amino acid residues of mature protein (without signal peptide).

: Predicted molecular weight of mature protein (without signal peptide).

: Predicted pl value of mature protein (without signal peptide).

: From top to bottom, the order is arraged in abundance.

: Gene expression was investigated by quantitative PCR between nauplius 2 and adult stages.
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Fig. 4 Expression of recombinant M. rosa larval cement related proteins in Escherichia coli BL21(DE3) using pET41b vector
(Novagen).

A, B., SDS-PAGE (12.5%). C, D: Nu PAGE (Invitrogen). A: Expression of Ccg-57K-2. 1. -IPTG, 2: +IPTG (soluble), 3:
+IPTG(insoluble). B: Expression of 2C6-1. 1: -IPTG, 2: +IPTG (soluble), 3: +IPTG (insoluble). C: 3,4:Expression of 2C6-1. 3: +IPTG
(soluble), 4: +IPTG (insoluble). 5,6,7: Expression of LOX-1. 5: -IPTG, 6: +IPTG (soluble), 7: +IPTG (insoluble). D: Expression of

three types of protease inhibitors. 1~3: protease inhibitor (Pl) code 4E4. 4~6: PI-4H9, 7~9: PI-2E11. 1,4,7: -IPTG.2,5,8: +IPTG
(soluble). 3,6,9: +IPTG (insoluble). Circles indicate the expressed proteins.
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Fig. 5 Expression of recombinant M. rosa larval cement related proteins in Escherichia coli BL21(DE3) or Rosseta-gami (DE3)pLys
using pET32a vector (Novagen).

A, B. C: SDS-PAGE (12.5%). A: Expression of Ccg-ASP-2. 4: +IPTG (soluble), 5: +IPTG (insoluble). B: Expression of two types of
TRPs. 2, 4, 6: +IPTG (soluble). 3, 5, 7: +IPTG (insoluble). 6 and 7 show the detection of His6 tag using BD Universal His-tag

Western detection kit. C: Expression of a type of Pl (code 2E11). 4: +IPTG (soluble). 5: +IPTG (insoluble). Circles indicate the
expressed proteins.
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Summary

Barnacle settles to man-made substrata such as ship hulls and pipelines of the power stations,
causing serious troubles, so-called biofouling. The settlement of barnacles is initiated from the release of
the proteinaceous adhesives (cement), from the cyprid, which is the final and settlement-competent
larval stage. The long term goal of our study is to understand how many proteins are involved in the
cement and how they work.

The major obstacles for the researches are the size of the larva (less than 1 mm) and the absolute
shortage for the cement amount released from the larva.

Therefore, we have been sequencing and characterizing clones expressed specifically in the
cement glands of the cypris larvae of the barnacle Megabalanus rosa to identify the larval cement
proteins. With the supports from the Salt Science Research Foundation (0314 and the current support),
we have successfully identified the genes encoding Ccg-57K, 36K, BSP, ASP, TRP with no homology to
known genes, and LOX and several protease inhibitor homologues as the candidates involving in larval
cementation process.

pET41b and pET32a (Novagen) vectors were used to express recombinant M. rosa larval cement
related proteins in E. coli. So far, we have succeeded in expressing 57K (C terminal parts), 110K
candidates (parts), LOX (C terminal part), ASP, TRP, and three protease inhibitors. Expression of 36K
and BSP was still not successful. Large scale production of the cement related proteins is going to be
used to produce the corresponding antibodies which should help to identify the mechanisms of
cementation in the cyprids, and to perform functional assays.

Overall, the understanding of the cementation mechanism could help to develop anti-fouling
technology for barnacles, and to develop new synthetic adhesives working in salt water environment.
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