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Table 1 Composition of adhesive substances of aquatic fouling organisms

R1 KETTIRED R R AR 5

L AR fig 5 WK AEY) T Koy ZEIR
THE  WE  FHE O WE  FE W E
Vil SUERE (Amphibalanus amphitrite) ~92% — ~1% — ~1% — ~4% — [14]
A% (Balanus hameri) 85.88%  — 0.95%  — 1.00% — 4.58% — [15]
W47 (Balanus crenatus) 84.43% — 0.69% — 1.05% — 4.18% — [15]
KU (Balanus amphitrite) —  23% —  ~1% — ~1.2% — ~71% [2]
W HRMEREAE (Paracentrotus lividus)  6.40% — —  250% —  1.20% — 45.50% — [16]
AFAL (Asterias rubens) 20.60%  — 5.60%  — 8.00% — 40.00% — [17]
% (Holothuria forskali) 59% —  KEH — 39% — 11% — [18]
ICIRES WCH A58 (Patella vulgate) 3280% —  REH —  12.00% —  30.0%~40.0% = — [19]
~31.7%  — Kkt —  ~144% — ~49.3% — [20]
~325% —  KEH —  ~188% — ~47.6% — [20]
FiEETHIE (Lottia gigantea)  ~368% —  ~03% —  ~18.4% — ~43.0% — [21]
TR (Collisella scabra) ~362% —  ~04% @ —  ~17.1% — ~47.0% — [21]
BHIETFIE (Collisella digitalis) ~297% —  ~08% —  ~8.1% — ~45.0% — [21]
HIE (Nucella emarginata) ~130% —  ~02% —  ~254% — ~75.7% — [21]
I8 (Nacella concinna) ~313% —  ~2.51%  —  ~12.4% — ~50.3% — [21]
SPIRIE DL (Lottia limatula) 86% — — — 14% — — ~92.5% [22]
HRESEIE (Patella aspera) — 24% — 2% — ~1.7% — ~70% [2]
PIGHES LI UL (Mytilus edulis) 92% — 8% — 0% — ER oA — [23]
GNiEN FiEkEZE (Metridium senile) -  23%  — ~1% — ~1.98% — ~71% [2]
EZ NN EWid (Serpula vermicularis) — ~22% — ~1% — ~0.2% — ~72% [2]
E 2N SRR (Styela plicata) — 3% — 2% — ~1.01% — ~72% [2]
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FIBT ' FEAE R APEREB I, g R Re g iE 45
JE RSO I A Sfp 1 SE BT RGBT, U
JIEAE 2o 45 I 43 Y Nectin R4 727 B 26 BFF 0, HE
I =5 ZE ] F Mllig-ap 1 Al Mlig-ap2 P 2 14 ok 5280
FiRThEe W A AR PR RAE, FR R
RAALER BB, LRSS 7 1 B APAP-1
FTAPAP-2 & A0 1, kb 2 0t A B 11 o]
SHRIR T KA AE RN R R A
1.2 FHEBRIHHIE

IR [R5 45 A P oA %) Rt B i TR I S e 2
MIZFEME, (2 ENTTIREAAEAR KRR B (R F
T alml A B ) —EhE ALY s R A
B PRSFII T RELE AR =F & I B R B A 1
GRS AR A2 7K A A A 2 A — A
BLRRAE o WESE W, AR CPs PO | g
Nectin ' 7RG DI Mfps B 45 HL Pes ) Flif
5 APAPs ' ) SRR BT A B E ST AR,
i1l Bl SH AL B 2 1 ——3,4- R LR SN A iR
(3,4-dihydroxyphenylalanine, DOPA), 454 H i
(i) S I A 5 o 2 1T 1) R T G B . DOPA 2 If D1 J2
22 FEMHER B OGRS, FETE T 2 R Mips
REGE LT A5 . Bk . OO E SRR R AL
SEIAH EAE 7 S RER A SRR B B sc e, A
T3 58 I DU A A P SR RN BERfTa E =Y el
CPs ) | ifg B Sfpl ' | UIf DI Mfps ** | ifg #
APAPs "' Fll AAPs ' S5 45 [ 4 i &R AR
15 B e R I 85 1 AT OB o+ 8 s, {2
HNRZERIE N, WMt E EH g 7,




+1836- EMUEEEYIEER

Prog. Biochem. Biophys. 2025; 52 (D)

TR TE R D1 Mfps B | IR KR DU Lifps *” . Dbfps **
F1Dpfps ', % i Pes ' il Sas ' Jifg#H AAPs '+
GRS TR EIRE TR IRASER, R
FEPR ) m HERURD o B 55 TR AH EAE T RENS Sl 6
WA AR R, (EHFHER TR
TR, IR BT AL 2 BEAE CPs PO WEVETR
Ul Mefps **' . ¥ 7K I DI Lffps *°' . Dbfps **' HI
Dpfps ', Ji B Mlig-aps 7" F1%5 Ht Sas 97 ¥4 &
TR o A E H far ()08 202 e 8 Aok i L AE A
FH 5707 F fap A SE BT R TR ACHK , IS RS IE i m- P 5
FAHEAE ] SR N ARG AN EAE ], NG5 5
FRF 4 o ) N SR PR AN AT R FRTaR B o Ak, AR D
REfE 52 DOPA 41 Y Rt #R py Mg . — 7T,
o 22 I 1) BH 125 -5 1T LSRR R SR THT A 7K A FH 5
+, {2 DOPA 55 5[5z 2 [ BT e o B8 AN U
B, T G 5 25 B A 1 R R B SR T ) G R O BT
J3—J7 T, A I HL A2 R FN Fe' 2 (8] AT BB AE A iR
HELE T BEAS Fe*-DOPA B 32 Bk, AR Eh
MR RNER T, A AR b i) DOPA AT LA
Tk A o AN B i 2 11 5 A ] S T 2R R PN 2R
T RE Z 18] ) 5% 45 % o AR CPs L i R D
Mefps %' | Ji B Mlig-aps 7, & H Pes | 1 #H
ASPs U Fl APAPs " SERY RS AR, AP IERAY
o1 2 R FIORG 24 1R e 6% 3 it L B 5 22 T R A B AR
HI, AR SERERN AR TR A 52 B, G s BB R 1 Y
T M RN ML AR R B . IR K R DL Dbfps 1 I
Dpfps | M #§ APAPs % Fll AAPs ' 2535 5 & K
S e, R A TE G AT LA N 2 B A Y 5
DOPA 7] eV, AR 2GR 8 e AR I 5 Al
J& O AR CPs P MR DI Mefps Y| IRIK R
DI Lffps ', Dbfps ' F1 Dpfps ', i & Sfpl =,
P Pes Y R Sas 1 TR ASPs PV AAPs U FI
APAPs " SEVE SR AR RR , T LG o SR
P E A A G R B2 1 1 DN SR S5 AR R T
(R ' AR CPs ™ | M VENR DL Mefps | 1%

K i DU Lftps . Dbfps ™ Fil Dpfps . 4 iy
Pes ' Al Sas @' | i M Mlig-apl ¥ . g

ASPs 7' AAPs o T APAPs 1 B 5 4 4R
BEWR , VRS DL Mefps B IR UK T DU Lffps 7 |
Dbfps **' F Dpfps **' . 4 H1 Pes ' Fl Sas ) J 1ff
¥ AAPs ' S E B R IR AR, R RA R
1% 571 1E FE 22 R T LA o - BH 28— AH B R Y hn
RERRTEE A N SR, Al A F S BRI AT LA r R P S
T-AEHGXFRHREN, B #hs )

HATR R P AR B IR L eAh, EER B
HEE MR AEGEY RN E A E WWRHE, XFh
FEIEAEAE 2 8 1 S i s a5, it & S E
YE AR, X TR R A DD RE AR 2 OC
BT Gn, Mifp-4 19 IKEE ST 51 EAT B AR
ZEEHETT, R TR Z B ACHE

ZHR & RV E 7 A S A SF O DI RESS 1)
b 31 D S N E O va b AR RS B S g 1 p
%, SCESMHEAERERE G, BRERE
I fie . von Willebrand [H -+ A (von Willebrand
factor-A, vWFA) ZEHIUE—Fh 2 RAR K 8 145
Fass, REAE T B I IR R I A8 1 BB 67 114 PN e
T2, fEikmrh R EEAE N . A IZ AT
TZREMEAT, SAKEEHAEY R
KM G I PTMP-1 P &4 vWFA 45K, 1l
13X — &5 #485 PTMP-1 1] L5 HC A B 25 11 S Bk AE
—i ¢ KK F (epidermal growth factor,
EGF) FRE5HIEE Z XA 0 Zmist, nl LLSCHRh
MR RS, T E & & MR AL I 2R A
ZNEEE TGS, AR EAE-E AR
MEAR-SEMAEEH, WREMEANHNE
PEDCS i, TG DR H Mp-2 R 2 AN BB
EGF FES5H 5L, W] LUBNSE L DOPA #l Fe ' #5545
Y EMEAFAEEAER, RIE, X255 i
FAL ey AR SR REAE N 4w B TR D e A, 395 i 22
PR T _E A BN R, R 2SR E T
TR S, A, TEFH U (Barbatia virescense)
1) 5 T 8 B 25 11 Bebp-1 F11 Bebp-2 /1, EGF 45 k4 48,
W RE I o SR A BAE S B N- O R
ZERYBRK AL G YR ES &, DTG SR BB e AL
JOC S T A B R, 21 R (Asterias rubens)
M ZERN AL 1 STpl A EGF S5 #38 n] LLE o 854 i 4%
RIS B8 A G 55 A R B2 AR B A ) =X
Z 5 R AR S BB e 2
P BRI K rh R 2 1 BOK A G E AT
HE R B AR RS E I o X PR S A SAE K AR A R
B R i TR A, RRAE IR D SN B X
B &5 )RR . B, W M (Macrostomum
lignano) 1Y %k it & 11 Mlig-ap2 F1 75 JK 481 3K 163 JIH
(Paracentrotus lividus) %5t 1 TR43200 ¢3¢
1S SR h B 5 A T B R 25k B, EArTm
il el WU s AR T SO = Tl s el S I
P el



2025; 52 (D 5, %&: £MKXSFNSHKETREDF L - 1837

Table 2 Content, composition and function of proteins in adhesive substances of aquatic fouling organisms
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Table 3 Content, composition and function of lipids in the adhesive substances of aquatic fouling organisms
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Table 4 Content, composition and function of carbohydrates in adhesive substances of aquatic fouling organism
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Fig.1 Biomacromolecule-mediated adhesion mechanism of permanent aquatic fouling organisms
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Fig. 2 Biomacromolecule-mediated adhesion mechanism of temporary aquatic fouling organisms
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Aquatic organisms can secrete biomacromolecules through specialized organs, tissues, or structures,

enabling adhesion to underwater material surfaces and leading to severe biofouling issues. This phenomenon

adversely impacts aquatic ecosystem health and human activities. Biofouling has emerged as an emerging global

environmental challenge. Adhesion serves as the foundation of biofouling, representing a critical step toward a

comprehensive understanding of the adhesion mechanisms of aquatic organisms. Biomacromolecules, including

proteins, lipids, and carbohydrates, are the primary functional components in the adhesive substances of aquatic

fouling organisms. Research indicates that these biomacromolecules exhibit diversity in types and characteristics

across different aquatic organisms, yet their adhesion mechanisms show unifying features. Despite significant

progress, there remains a lack of comprehensive reviews on the adhesion mechanisms mediated by

biomacromolecules in aquatic fouling organisms, particularly on the roles of lipids and carbohydrates. Through a

comprehensive analysis of existing literature, this review systematically summarizes the mechanistic roles of
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three classes of macromolecules in aquatic biofouling adhesion processes. Proteins demonstrate central
functionality in interfacial adhesion and cohesion through specialized functional amino acids, conserved structural
domains, and post-translational modifications. Lipids enhance structural stability via hydrophobic barrier
formation and antioxidative protection mechanisms. Carbohydrates contribute to adhesion persistence through
cohesive reinforcement and enzymatic resistance of adhesive matrices. Building upon these mechanisms, this
review proposes four prospective research directions: optimization of protein-mediated adhesion functionality,
elucidation of lipid participation in adhesion dynamics, systematic characterization of carbohydrate adhesion
modalities, and investigation of macromolecular synergy in composite adhesive systems. The synthesized
knowledge provides critical insights into underwater adhesion mechanisms of aquatic fouling organisms and
establishes a theoretical foundation for developing mechanism-driven antifouling strategies. This work advances
fundamental understanding of bioadhesion phenomena while offering practical guidance for next-generation

antifouling technology development.
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