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Fig.1 Mussels and byssus images
s a. ;b (Mytilus galloprovincialis); c. (Bathymodiolus marisindicus)
3,4- -L- (dihydroxyphenylalani, ,
DOPA)(Hassenkam et al, 2004)
DOPA , DOPA Distel  (2000)
(Zeng et al, 2010) (Yu et al, , Sun
2013) (Kim et al, 2017) (2017)
(Modiolus philippinarum) (Bathymodiolus
DOPA platifrons) , (B. platifrons)
(M. philippinarum)
4~5 pm , Mfp-1 , ’
Mfp-1
P (Duperron et al, 2016) (Sun et al,
o .
70% (Harrington et al, 2018) 2017) Zhou  (2020) (2017)
Bebianno  (2018)
(Kim et al, ,
2016) , (Mat et al,
2020) (Metaxas, 2015)
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4°C
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3~5 1b Ic
1.2

(SMZ1270,

(Vaccaro et al, 2001) -
, 20%
, 0~20%~0

(@ = 0.05),
1.3 FT-IR
, 2020), ,

B. marisindicus M. galloprovincialis
, FT-IR (Spotlight 400, PerkinElmer)

(Hagenau et al, 2009)
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4 000~1 000 cm!
FT-IR , ,
. 16; :6.25 pum; :
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1.4 (scanning electron microscope, SEM)

SEM (Regulus 8100, Hitachi)
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(ION SPUTTER MC 1000, Hitachi) , 10 mA 254 nm, A: 0.1 mol/L ( 7% ),
30 s, B: 80% R 1 mL/min

i B

(Energy Dispersive Spectrometer,

EDS) , 2
1.5 2.1
B. marisindicus B. marisindicus ,
( , 2021) , 7~8 cm 4 cm
( lo); M. galloprovincialis
B. marisindicus 20 mg , , 5~6 cm 3cm ( 1b),
10 mL 6 mol/L s 110 °C B. marisindicus
24 h , 0.02 mol/L 14~24 mm, 200~450 um; M. galloprovincialis
10 mL 200 pL, 40~50 mm, 50~100 um
1 mL R 100 pL , 100 pL ( , 2014), Mytilus edulis
, 1h 400 mL Mytilus californianus (Bouhlel et
10 min, , 0.45 um al, 2017) 2
HPLC R B. marisindicus M.
Agilent1100 , : 4.6x250 mm, Sp galloprovincialis ,
Venusil-AA ; 1 40 °C,
a b
2
Fig.2 Optical microscope images of mussel byssus
ra. M. galloprovincialis ; b. B. marisindicus ; 11000 um
2.2 400 300 Mpa (Lucas et al, 2002; Pearce et al,
B. marisindicus 2009) , B. marisindicus
5~50 MPa, 70% ( 3a) M. galloprovincialis,
M. galloprovincialis M. galloprovincialis ,
10~200 Mpa, 150% M. ,
galloprovincialis 200 Mpa ,

200% (Waite et al, 2002),
M. californianus M. edulis
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Fig.3 Deep-sea mussel byssus stretch and cycle curve
1 a. B. marisindicus ; b. -
, , M. galloprovincialis
marisindicus
, B. marisindicus
- ( 1)9 )
B. marisindicus 3 - R ) s
M. galloprovincialis (  3b),
600 Mpa ( 3a ),
100 Mpa ,
(Walite et al,
2002), 17% ,
30%, )
, Vaccaro (2001) s s
24 h B. ,
marisindicus 40 Mpa, s
3 ,
B. marisindicus ,
0~20%~0 , B. marisindicus ,
F1 MNEBELEN-FTIRINEMEREMPa)
Tab.1  Stress-strain cyclic modulus of mussel byssus
1 2 3
M. galloprovincialis 572.0+£90.8 102.1£11.6 168.3+£20.3 Vaccaro  (2001)
B. marisindicus 40.5+16.64 98.1+41.58 116.2+55.89

23 SEM EDS

SEM

(

4a, 4b), B.

marisindicus

galloprovincialis
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4 SEM
Fig.4 SEM image of the mussel byssus
:a. B. marisindicus 3 b. M. galloprovincialis ; ¢. B. marisindicus 5 d. M. galloprovincialis
e. B. marisindicus ; £. M. galloprovincialis
2 b b
(Harrington et al, 2018) B.
(Harrington et marisindicus R
al, 2018) 4e  Af SEM ,
, B. marisindicus
, M. galloprovincialis ,
2
M. galloprovincialis , s
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THE STRUCTURE AND PERFORMANCE OF MUSSEL BYSSUS IN THE DEEP-SEA
HYDROTHERMAL AREA OF THE INDIAN OCEAN

XIE Lin-Qing', CAO Wei', JIANG Feng-Hua', LI Jing-Xi', SUN Cheng-Jun'?
(1. Key Laboratory of Marine Eco-Environmental Science and Technology, Marine Bio-resource and Environment Research Center, First
Institute of Oceanography, Ministry of Natural Resources, Qingdao 266100, China; 2. Laboratory of Marine Drugs and Biological
Products, Pilot National Laboratory for Marine Science and Technology (Qingdao), Qingdao 266200, China)

Abstract The structure and performance of the byssus of mussels are essential to the normal life of mussels. To study
the structure and performance of deep-sea mussel byssus in the extreme environment of the hydrothermal area,
Bathymodiolus marisindicus byssus were collected from the deep-sea hydrothermal area of Longqi, Southwest Indian
Ocean, and their mechanical properties, structural characteristics, and components were analyzed. Compared with offshore
mussels (Mytilus galloprovincialis), the mechanical properties of B. marisindicus byssus are characterized by small
modulus, low elasticity, and poor elastic cushioning. Analysis with Fourier Transform infrared spectrometer showed that
the main component of mussel byssus in the deep-sea hydrothermal area was collagen. The functional group characteristics
showed that the byssus protein contains a large number of -sheet structures, and the secondary structure gradient at the
proximal and distal ends of the byssus is small. Scanning electron microscopy results show that the surface of the mussel
byssus in the hydrothermal area is smooth, and the internal structure is fibrous and orderly arranged. The results of amino
acid analysis show relative high glycine and proline in the mussel byssus from the deep-sea hydrothermal area. The high
glycine and proline may increase the stability of the triple helix structure of byssus protein and enable the byssus maintain
stable performance in the hydrothermal environment. This study revealed the unique mechanical properties, structural
characteristics, and composition characteristics of deep-sea mussel byssus in the hydrothermal area, and provided a basis
for understanding the environmental adaptability of the mussels in hydrothermal area.

Key words hydrothermal area mussel; byssus; mechanical property; Fourier Transform infrared spectrometer;
scanning electron microscope; amino acid analysis



