R AR 2024, 46 (5): 1255 -1260

Journal of Environmental Entomology

AN, MR, FEAEFRT, WhULVE, ORI CILIERSREE R A TS K SR ERE [J]. AR AR, 2024, 46 (5): 1255 - 1260. LI Xiao-
Yu, HU Die, HUANG Tin-Li, YAO Hong-Wei, JIANG Cai-Ying. Morphological structure and physicochemical properties of silk fibers from the cocoons of the
parasitoid wasp, Cotesia chilonis (Matsumura) (Hymenoptera: Braconidae) [J]. Journal of Environmental Entomology, 2024, 46 (5): 1255 -1260.

R RS R R 22 AR S SR SRR

B Wb oW e N o
ZNWL, WO, EEA, BB 2, ER !
1AL EE TR A Bl BEE 2524 B, BUMl 3100185 2. WLk B HBERE SR, #riL & TEY A Y2 B S e =,
IKFEAY) 2 B K E S e =, HiMl 310058)

WE: ASUBEIHRFES (SEM). IR ELHL /M6 (FTIR). X HHEREARTH (XRD) FIFE ST
(TG) ZEH AN “AMER SR Cotesia chilonis TR LI . FILRIFNSH K. —HEEmmAFae
FET oM. 5REW, “ERMBEG MR 2 A RERTBOVHEE, BAN 1.89 £ 0.04 um. B2 404 F TRk
(60.67%)~ A (21.17%) A (17.22%) ZnRAMR, HLEQFERS R LR/ RETE .. 2R mMNE
AR EASKEMEEDN B-1S; HIGEEMIEEAN 332.27°C £ 2.58°C. ARSCHFFLHE/R T 4IRS 4% fog
22 T YR SRR S B AL PR RS, P IR I S AT T R PE R AR R 2 22 8 A DL S i g R 2 R o1
HEPRALIERL

KHE: TALIERT R EE, H Z44E; TREREEN: PR

FESES: Q964; S433 THRFRIRES: A NERS: 1674-0858 (2024) 05-1255-06

Morphological structure and physicochemical properties of silk fibers from
the cocoons of the parasitoid wasp, Cotesia chilonis (Matsumura)

(Hymenoptera: Braconidae)

LI Xiao-Yu', HU Die!, HUANG Tin-Li', YAO Hong-Wei?, JIANG Cai-Ying'" (1. Zhejiang Sci-Tech
University, College of Life Sciences and Medicine, Hangzhou 310018, China; 2. Zhejiang University,
Institute of Insect Sciences, Zhejiang Provincial Key Lab of Biology of Crop Pathogens and Insects, State
Key Laboratory of Rice Biology, Hangzhou 310058, China)

Abstract: In this paper, the morphological structure, amino acid composition, secondary structure and
thermal stability of silk fibers from the cocoons of the parasitoid wasp, Cotesia chilonis (Matsumura)
(Hymenoptera: Braconidae) were analyzed by the scanning electron microscopy (SEM), amino acid
analysis, Fourier transform infrared spectroscopy (FTIR), X-ray crystallography (XRD) and
thermogravimetric analysis (TG). The results showed that the surface of the silk fiber from C. chilonis
cocoons was relatively rough, and its diameter was 1.89 + 0.04 um. It was mainly composed of elements
such as carbon (60.67%), nitrogen (21.17%), and oxygen (17.22%). The protein components of C. chilonis
cocoons mainly included aspartic acid/asparagine, serine and alanine. The secondary structure of silk
proteins from C. chilonis cocoons was mainly -sheet, and its peak degradation temperature was 332.27 +
2.58°C. This study reveals the ultrastructural characteristics and physicochemical properties of silk fibers
from C. chilonis cocoons, which provides a basis for expanding the application field of C. chilonis,
developing non-worm silk proteins with superior performance, and designing and transforming new silk
protein fibers.

Key words: Cotesia chilonis (Matsumura); cocoon; silk fibers; morphological structure; physicochemical
properties
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B, rEREIREI &7 (ARIEF, 2015). R
IR BN 22 J A KR 1 v e B AL 1 o .
Iz NATRI A R 2 RIS 4 4
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Kaplan, 2007; Sutherland efal., 2010). #x#zAY
AEEMG TR, T H SR D, &2
EEAHA TR, FAEEY . AMHEEMET &
PREEAN [F] = 22 S AT A5 272 R A (Sahoo et al.,
2023). MHT, BEHE AT R R 2 ] FA TR
il B 25 K A4 ORL ) 75 SR 48 I (Nickel & Riedel,
2001; Mathijsen, 2016), AE7E B H 2 75T
R AR 57 B F A

ITAEK, JE#H Hymenoptera FEHL 22 fiisz 5%
. S H B2 L, i Apis mellifera 22115
AW 28R READRNB AR S ER S, M
HZAR BB, ZIER a-B55E 45 1) A2 e £ Pl
NFE (Sutherland et al., 2007). 2ffH 1 Nematus
oligospilus 22 AL B A B R 22 (1) N & R =1 & B
fiE, T H AR5 0 2 R A R ) e
BRHE, HXAEE IR IEE B rRA 32
AR, DR A AT R A — S O e i R R 22 (1)
MY )R & (Sutherland ef al., 2013). 44
¥ Osmia bicornis Hi5H 30.69%22 414, HALIA
AMMBEARETER S, HEESZV M ER
(Murawska et al., 2022).

AR R H B, BEE
K. MEZEZ, B LEAT (Pennacchio &
Strand, 2006). FH, H§F} Braconidae & i H
WRWRZ —o TP IA B s A R AN %A
W, FLARIIPESN A, RN A AR Y
MERT A, AaTHEEM, HE N b
MRS BT o EAR AN . LIRSS EE Cotesia
chilonis {FNHIER) EH E N FFEIERSE, 2KRE
TARKE &y H AR A B AR e, 0 R L AT L At ST 9 [
FE H AR R R LA B3 1 B AR AR
(BRfEA 4, 2002). HET, A% LIRSS
P 9 2 BEAR v T A W 7 VR RN B A AR AR O T
(ZEBARE, 2019; Teng et al., 2022), w2
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FUR AR A SR RO I 2 4RI A S i S5 AL
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REPURRI AR 22 3R B DA R Wi e i L 2 sR B 4
YEFR LI
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B E e R AR s (B% VLTRASS, {#
E Zeiss AT WIS G L, EEETSA P lE
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S IS20FT-IR, [ Nicolet A Hillik, %G
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K B-H MAEE (Yang et al., 2015),
1.5 BRZTHA X FH&LT5T (XRD) o4R

AN B SR G 2 A Y ) AR R A AT A
A X 2R A7 54 (A5 EMPYREAN, fif %
PANalytical A7), KM Cu Ko # (ANSHEK L =
0.15418 nm), IZ47T HLEF EH 0N 45 kv H
40 mA, FIHEVEEN 5~50°, FHEE N 10°/min.

W, FEATS AN 11.95° (0.740 nm). 24.02°
(0.370 nm) FHITIATHEE, VBT o-MRHELEH;
FERTHHAN 16.71° (0.530nm). 20.34° (0.436nm),
24.49° (0.363 nm). 30.90° (0.289 nm) A 34.59°
(0.259 nm) ZEFT P ATHIE )8 T - & 451
(Fuetal., 2011),
1.6 BAFHMKRE (TG) o

fifi F #4 E o) T4 (B4 5 TGA/DSC2, 3 H
Mettler Toledo A ], FERSIRIFAF X —ALIE
Bk B M 2 AR A B E AT b . IR
B A= 800°C, FHEIEZ N 10°C/min.
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()22 B RAR 22 P 4EH AR, BLARN 1.89£0.04 pm, R
MO HRE (B 1-C. D). &4 EDS B4 HT, —4k
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Fig. 1 Ultramorphological structure of the cocoon and silk
fiber of Cotesia chilonis
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Fig. 2 Amino acid composition of the cocoon silk of
Cotesia chilonis

d: A, WEMK: C FWEM: D, REAAM/RLMIE:
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AW L RREli: K BER: L, =2k M, T
2 P, AR R, MEEK: S, LR T, HAR;
V, BER; Y, EE& R . Note: A, Alanine; C, Cysteine;
D, Aspartic acid/Asparagine; E, Glutamic acid/Glutamine;
F, Phenylalanine; G, Glycine; H, Histidine; I, Isoleucine;
K, Lysine; L, Leucine; M, Methionine; P, Proline; R, Argnine;
S, Serine; T, Threonine; V, Valine; Y, Tyrosine.
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Table 1 Ratio of characteristic amino acid in the silk from Cotesia chilonis cocoons
e AR G 0 v 2 2T Y K™
Type Silk fiber of Cotesia chilonis cocoons Silk fiber of Bombyx mori cocoons
ML/ KA FE Small/large side groups 1.095 2.569
SE/KYE/E K Hydrophilic/hydrophobic 3.853 2.927
BAE/IR Y Basic/acidic 0.054 0.376
H&ZIR/TNE IR Glycine/alanine 0.293 1.425

e A /MURERERO S HER. NER.
MRAUSRELER. BER. 220, BER. Haik.
AR WMARMARR, RIEEEROSREER.

#E5MR. HER. MERMAER, HATE KMREIER,; FAKHER
WER. BERRAAERR, HAaovmkEER, miatRes
KRR (Senetal.,2004). **HImFRIFNBIELE (2017),

Note: * Amino acids with small side groups included glycine, alanine, serine, threonine, proline and histidine, the rest are amino acids
with large side groups. Hydrophilic amino acids included aspartic acid, glutamic acid, serine, tyrosine, threonine, arginine, lysine and
histidine, the rests were hydrophobic amino acids. Alkaline amino acids included lysine, arginine, and histidine, acidic amino acids
included aspartic acid and glutamic acid (Sen et al., 2004). ** Data cited from Deng (2017).
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Table 2 Secondary structure composition of silk fibers from
Cotesia chilonis cocoons

W6l (a.u.) Absorbance

T EY TARIRAR SRR 22 (%)
Secondary structure Silk fiber of Cotesia chilonis cocoons
B-478 B-sheet 40.50 + 0.62
B-% A B-turn 30.87 + 0.84
o-15 1 o-helix 14.50 + 0.50
To#A4 I Random coil 14.13 £0.15
— B-#T%& p-sheet
(B) — y- LM y-random
o-42 i€ o-helix
B-#54f B-turn
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P 3 AR SR e 22 LT YR AT AN 1R
Fig. 3 Infrared spectra of silk fibers from Cotesia chilonis cocoons
VE: A, 1000~4000 e ARLLANEEEE]: B, BERZ I X 2B T 45 . Note: A, Infrared spectra from 1000 cm! to

4000 cm'; B, Deconvolution results of the amide I region.
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Fig. 4 X-ray diffraction patterns of silk fibers from Cotesia
chilonis cocoons
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Fig. 5 TG (A) and DTG (B) curves of silk fibers from
Cotesia chilonis cocoons
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