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Fig. 1 Principal stages of barnacle Amphibalanus amphitrite larval development
Above the dashed line is the planktonic stage and below the dashed line is the sessile stage. The planktonic stages include stages [ -VI nauplius (the
images show the differences in size between stage Il and VI nauplii) and cyprid. After encountering a suitable surface, the cyprid begins to attach and

metamorphose into juvenile, which eventually grows into sexually mature adult. The diameter of the adult in the figure is 2 cm. Scale bar = 100 pm
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Tab.1 Transcriptomic analysis of signal transduction pathway in barnacle larval adhesion

Wk WS H R AR REE R I/ 45 R SCHR
species objectives/hypothesis approach key findings/results references
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Tab.2 Proteomic analysis of signal transduction pathway in barnacle larval adhesion
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species objectives/hypothesis approach key findings/results references
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A. amphitrite il SR BB X 4 dL R 15 YfEHIK(2-DE) HE BB A8 T A IR TR T B R i [27]
YA B HI G (L ESI- AL ]
QTOF
A. amphitrite S5 4 R ARSI Tobric € & H AR EFUEJ M2 RGRE 57 T EATRN )R [28]
B ERRENEA MG, FeF AP, Ay RS
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Ve e e
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- Z <AL TR F FEA#>  <apoptosis and protein degradation>
i L AT I g 4% § <Y1 HE I 46> <cell proliferation and differentiation>
rotation of body and ecdysis t:( § *RELALBER  *bursincon-like hormone
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o H.(JQJJ i.{ *57 KK BRI *receptor tyrosine kinase
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5), EZH IR

Fig. 2 Physiological responses of A. amphitrite larva at different stages during the adhesion process'”

The long arrows in the middle indicate the three principal stages of the adhesion process, the corresponding physiological responses are showed on the

left, differentially expressed genes (stars) and gene clusters (square brackets) that may be involved in adhesion are showed on the right. The figure is

redrawn from the reference
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Fig. 3 Methods for barnacle glue collection

(a) scrape directly from the bottom of an intact barnacle (arrow indicated the scraped barnacle glue, the dotted line area showed the part not scraped). (b) after
removing the barnacle tissue and shell, the bottom shell is demineralized, and the remaining organic matrix post demineralization is removed. The result-
ant organic matrix sticking to the base was regarded as the barnacle glue sample. (c) barnacle was inverted placed on a plastic platform with a circular
opening, and the barnacle glue was collected on the bottom with a borosilicate coverslip. (d)-(e) the whole barnacle was cultured in seawater where the

bottom was covered with glass microspheres, and then the glue stuck to the microspheres was collected. (a) was taken from reference “', (c) was redrawn

from reference “”, and (e) was the SEM image of the glass microspheres sticking to the bottom of barnacle, and taken from reference “”
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Tab.3 Omics studies of the barnacle glue proteins and mechanism underlying the glue curing

Yok WHFE H AR Jiik KEER I/ AR 3R
species objectives/hypothesis approach key findings/results references
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Fig. 4 Emerging hypothesis on the mechanism of barnacle glue coagulation
mediated by prophenoloxidase cascade "

During barnacle growth, the cuticle extends from the outer edge of the basement to the surface of the biofilm (dashed line frame). As the cuticle stretches

(purple), thereleased gel comes into contact with the microbes, presenting microbe-associated molecular patterns (MAMPs) to the host's natural immune system
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Mechanism underlying barnacle larval adhesion to material surface:
transcriptome and proteome

HUANG Jingliang, LIU Huan, LI Weihua"
(School of Chemical Engineering and Technology, Sun Yat-sen University, Zhuhai 100059, China)

Abstract: Barnacle is an important marine biofouling organism and its attachment to the surface of marine
engineering equipment has a strong impact on the use of the equipment and causes huge economic losses. The
development of environmentally friendly antifouling technology against barnacle is inseparable from funda-
mental studies of the molecular regulatory mechanism underlying the larval attachment and metamorphosis
process which has not been fully studied. The attachment of barnacle larvae involves many complex pro-
cesses, such as the growth and development of the larvae, the exploration of the substrate for permanent
attachment, the metamorphosis process and the secretion of barnacle glue. These processes are difficult to be
analyzed in detail by the traditional methods of cell biology and molecular biology. In recent years, transcrip-
tomics and proteomics based on high-throughput sequencing technology have played an important role in
studying the attachment process of marine biofouling organisms, and have accumulated a large amount of data
in revealing the attachment mechanism of barnacle larvae. In the present paper, recent studies on the barnacle
adhesion mechanism at home and abroad were reviewed. We mainly focused on omics studies on the attach-
ment and metamorphosis of the barnacle larvae, composition and curing of the barnacle glue. The collective
archives have revealed an increasing application of omics tools in the biofouling field since the pioneering
work of Anthony Clare’s group. Transcriptome and proteome data provide insights into the signaling path-
ways in barnacle larval adhesion. It was found that receptor tyrosine kinases and mannose receptors may be
involved in signal perception. In addition, many receptors related to vision, auditory and mechanical senses
were identified and supposed to be involved in cyprid searching and attachment. Some studies focused on the
water-soluble pheromone which are crucial for the aggregation of barnacles. As for the identification of the
cement proteins, proteome analyses were commonly applied, which yielded characterization of biomineraliza-
tion-related and adhesion-related proteins, as well as some proteins involved in other cellular processes. These
findings inferred that the attachment of the cyprids and adult barnacles was a complex biochemical reaction
coupling several physiological responses. At last, we briefly discussed the future perspectives of antifouling
technology. Much attention has been paid to developing antifouling coatings with prevalent and long-term
effects. However, the tests were usually conducted in the lab, while the real scenarios are extremely complex
where multi-factors are coupled. And we suggest that individualized antifouling design according to the local
marine environment, work site and other factors, rather than a cure-all, may improve efficiency and reduce the
cost in the future.

Key words: barnacle larvae; biofouling organism; signal transduction pathway; barnacle glue; transcriptome; pro-
teome; antifouling technology
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