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Abstract : The structures and fibrous composition of egg case of the spider (Argiope bruennichi) were examined
using SEM as well as amino acid analysis. The egg case is composed of multiple layers of silk, including the
frame, outer cover, cover cap, inner cover, egg cover cap and egg wrapping cover, and formed by different
colored silk with diameters between hundreds of nanometers and several micrometers. The amino acid
composition was similar in the frame silk and typical dragline silk, glycine (about 37% ) and alanine (about
25% ) are the most abundant amino acids present, and glutamic acid (about 10% ), prone (about 7% ) and
serine (about 5% ) as the next most abundant. The amino acid composition of cover silk was similar with

typical cylindrical gland silk. In contrast to the frame silk, all cover silk of egg case contained a significant
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proportion of the serine (about 22% ) and less glycine (about 7% ) and prone ( about 2% ), and contained

more polar amino and large side acids. The original gland that produce silk fibers with different diameters was

analyzed based on the results of SEM and amino acid composition studies.
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Table 1 Characteristics of egg cases of Argiope bruennichi and other three spiders
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Fig.1 Spider Argiope bruennichi and the morphology and structure of egg case
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SMUTET, A AN 22 s b AN ) ; OUNE I, @FROE/ A GmENIZEZ; QINRERE,; @iNka
L, DFIk,
A. Argiope bruennichi; B. Egg case; C. Structure of egg case; (DWhite (or golden) scaffolding silk; @ Outer cover (a:brown

outer face,white points are white joining fibrils; b:white inner face) ; @Egg case outer cover cap; @Brown or/ and white egg case

inner cover silk; GCover cap of clutch of eggs; ©@Wrapping cover silk of clutch of eggs; DClutch of egg.
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Table 2 The diameter and gland origin of silk in different layer of Argiope bruennichi egg case

[HESERT 5] EaR4iaEN EAR e 22 RRTR
Egg case structure Fibrous composition Fiber diameter ( pm) Gland origin
N . Xz . 3 ?i\ R V)
- L LD 10. 00 £0. 30 Aj:‘ﬂjf%‘
Sealloldi B WD F1S.D 1.90 £0. 10 T HE /AR i
caffolding — B ) 0.80 £0. 10 BB N
L-D 5.70 £1.20 SRIN]
SME : AR
Outer £ M-D 2.20 0. 10 GNP 2N
S F uter face S-D 0.20 +0.03 DN
Outer cover o L-D 8.00 +0.20 AR g
‘ 0.30 +0.02 -
YR , S-D AR
. = Inner face 0.10 £0.01 ’
ut cover
L-D 4.60 £0.50 .
LN b + 40 *0 0 RN
- +
YNAS B 35 face B .
. fm Outer face S-D 0.30 £0.05 RN
over cap o ogg case PR 1T L-D 7.50 £0.60 FEAR
Inner face S-D 0.30+0.03 TR
PI7E 7 2 Inner cover L-D 8.10£0.20 RN
L-D 5.50 £0.30 R
SHNE 0.50 +0 06 I
+
P 7 20 e S-D U GERN
- . [J]]l F| Outer face 0.30 +0.01
Inner cover over cap of cgg mass Pl L-D 5.00 +0.20 SN
Inner face S-D 0.30 £0.04 AR AR
IR R M-D 3.70 £0. 10 LSRN
Egg wrapping cover S-D 0.30 £0.04 AR

L-D: KEA(3 ~10 um) ; M-D: FEAE(L ~3 um) ; S-D./NEHA(0 ~1 pm)
L-D: Large-diameter (3 =10 pm) ; M-D:Middle-diameter (1 =3 pum) ; S-D:Small-diameter (0 =1 pm).
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Table 3 Amino composition of spider Argiope bruennichi egg case layered silk (mole percent)

HoR g
ﬂi’%’ég SR INASHE TR IR 2 DR IR B 2 &AQE{’N“?
Scaffolding R Cover cap of Cover cap of . Spidroin of
. Outer cover silk . . Inner cover silk o
R silk egg case silk egg mass silk A. bruennichi
Amino acid Cylindrique gland
pre me TAE e REG bt NE BE oo cen
Golden Brown ae White ae Brown White Brown yoP yop
yellow Brown
RAGR Asp 1.9 6.8 6.8 6.5 6.7 7.5 6.4 6.9 6.51 5.15
IR Thr 1.0 4.0 4.1 4.3 3.9 4.5 5.6 4.0 4.00 4.00
225K Ser 5.2 21.1  21.2  23.3 19.0 22.6 24.4 249 25.70 28.30
AEIR Glu 10.3 7.3 7.5 8.0 6.8 7.8 7.8 7.8 7.40 7.50
H %/ Cly 37.0 11.6 11.4 11.0 14.0 10.4 9.0 9.4 9.20 8.10
WA Ala 24.7 25.7  25.1 24.6 25.3 22.5 252 25.7 25.80 25.90
EREEIR Cys 0.2 0.4 0.4 0.0 0.4 0.0 0.0 0.0 0.10 0.20
SR Val 1.2 4.4 4.6 5.2 4.2 5.1 5.1 4.9 5. 40 5.80
i 211 Met 0.2 0.1 0.0 0.0 0.3 0.0 0.0 0.0
SFEAR e 0.9 1.7 1.7 1.4 2.1 1.9 1.3 1.1 6.90 6.50
TEER Leu 2.5 5.8 6.1 6.4 5.5 6.9 6.9 6.6 1.30 1.00
kR Tyr 2.6 1.9 1.8 1.1 2.3 1.5 1.1 0.9
KN Phe 2.4 3.5 3.7 3.7 3.3 3.9 4.0 3.9 4.10 4.00
WAL Lys 0.7 0.6 0.6 0.3 0.7 0.6 0.0 0.2 0. 00 0.12
2042 His 0.3 0.2 0.2 0.0 0.3 0.5 0.0 0.3 0. 00 0.12
SRR Arg 2.0 3.4 3.1 2.1 3.5 2.5 1.7 1.8 1.51 1.43
Jii %% Pro 7.1 1.7 1.7 2.0 1.8 2.0 1.5 1.6 1. 00 0. 80

R4 HUSHRKLEASEBRMESTERAESLIL)
Table 4 Analysis of the various classes of amino acid R-groups associated with the spider silk

proteins of the orb web spider Argiope bruennichi( mole percent)

IR Amino acid

Phirit bt ARt A
e e silk N N TC RN ST RPN 2
. . X Short chain  Large chain LC/SC
residues residues residues
YIASHE 22 S
21. 12.1 2. .91 . .4
Scaffolding silk Golden 35 8 9 66.9 33.09 0.49
k8 Brown 43.37 14.15 4.13 58.34 41.66 0.71
G A% 2 2 gy I e
gﬂ&yﬁgm};; A 43.51 14.35 3.85 57.69 42.31 0.73
Outer cover silk Pale yellow
{5 White 44.51 14.51 2.36 58.91 41.09 0.70
G £ 26 1 o s
X e . s 45.84 14.13 1.73 58.64 41.36 0.71
Egg case cover cap silk Pale Brown
I e Tl 24
b }\%mmné F 6 Brown 45.85 14. 66 2.26 59.95 40.05 0.67
Eggs cover cap silk
UMENREE 34 Fi % White 40.99 13.51 4.55 58.28 41.72 0.72
Inner cover silk ## {6 Brown 45.92 15.27 3.56 55.50 44.50 0.80

Wtk IR . R H IR + R IR + 2 E R + AR + B AR + MR R + AR R + AR, MR REER + AR,
SN GRS IE TR . W2 R + AR + R, /MIGE LR H R + WA + 24
Polar residues; asp + thr + ser + glu + tyr + lys + his + arg; Acidic residues: asp + glu; Basic residues; lys + his; Short chain: gly + ala

+ ser.
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eI, DT 36 6 0 5 | R 5 LA BR SR ) R 4
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