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An ultrastructural study of the cuticle in the byssus of marine
mussel (Mytilus coruscus)
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Abstract  Mussel byssus is a bundle of threads used to attach mussels to wet substrates. Recently,
a thin cuticle layer on the byssus has attracted public attentions due to its remarkable toughness
- stiff as epoxy resin and extensible as rubber. Here, we observed ultrastructure of the cuticle
layer in a far eastern mussel (Mytilus coruscus) to understand underlying mechanisms for the mechan-
ical properties. The cuticle layer observed by TEM was composed of submicron-sized granular
inclusions in a continuous matrix phase. In addition, ultrastructural study in the presence of tertiary
amine (Tetraethylammonium, TEA) showed an evidence that the cuticle is stabilized by cation-w
interaction.
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Fig. 1. Preparation of mussel byssus from Mytilus coruscus.
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(Scanning electron microscopy, SEM)

Table 1. Buffer condition of mechanical properties test.

Buffer Condition

@D 0.IM Sodium acetate (pHS8.2)+0.6M NaCl

0.1M Sodium acetate (pHS8.2)+0.6M NaCl
+0.1M TEA

0.IM Sodium acetate (pH8.2) + 0.6M NaCl
+0.5M TEA
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Fig. 2. (a) TEM micrograph of coated outer layer of mussel
byssus incubated with TEA-free artificial seawater, (b) The
morphology of outer surface of mussel byssus with TEA-free

artificial seawater.

B. Cation-n Zg0fl 2[3HAM FAt2| DjMF=T} H
st=Xlof 2kt A5t

Cation-t 28l &3 IR F ] A WS}
Cation- 21832 Wl Al F 3} Fo] kd

z9o] EA4uZe o] WA= Hom, E&
719 (electrostatic interaction)2.tF 1= o] &2l 7+
Ao ® dHA AT TFHY FAE 95%0]7d0]
diid s Hojglom, ofmpial 2 EA A 3
o] ZA} Qo= ol 202 S H ofu|i=Ata wilAl
Fe M= obr=Ake] nlgo] Z+ZE oF 20 mol%
o) Fo® A4dsl 7] el Cation-n 282 &
&o] 5 H2Zol 8% AgHOE oo
JHBE B dAFodAe S SA] WiAlg S 2he
EH4E3 71 733t Cation-n 2H8-8 & Higto g2 A

goted =Ae] WATEE $IAL 5 e
(Tetraethylammonium, TEA)E 152 YWo]Fof
Cation-n Agto] A IH O] WA FFx0]] mX|=
ol T Al B&SIH T Cation-nt 2F-&8 9] 5ol
e SAGEE Gt s, 43 (HAsE 9
TEA®] 55 S7HN7IH, AL Dol 50%E B4l
< o) W3S <18kt (Fig. 3-5). Fig 304 Yeht
= W= FA BolA| ko 0.1 M

oy 1

Ho
A
of

SATE ¥, 0.5 M TEA
AYsgle woll= ZHF
HA akaL, & uE
Sh(longitudinal defect)] A =tk EZF A&

50%Eth B A 5 A-xEH| T DA HolA
2 ol AR AL AT = U, TEA F=7}
0.IM, 0.5M S7FEF5 A& 30, 40, 50 %olA A=
b Aashs Ae = o ATk ol TEAS] E571
S/MEFE 55 A 9 U cation-n 2E S

o
N
N
kI
x0,
rr
-1
N
it
=1 ftlo
N
ol
tlo

>
olof

o
- AN
>
lo
o

bl

i

N
£

N
Sl

o

u

f

£

™

TEIL ST S
& W AAlE gl

A A== AS E 4 AU TH(data was not shown).

Fig. 3. TEM micrograph of coated outer layer of mussel
byssus incubated with 0.7 M TEA artificial seawater after

50% elongation.
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Fig. 4. The morphology of outer surface of mussel byssus
incubated with 0.1 M TEA artificial seawater after 50%

elongation.
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Fig. 5. The morphology of outer surface of mussel byssus
incubated with 0.5 M TEA artificial seawater after 50%
elongation.
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