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Structural and functional characterization of the cocoon silk of
Habrobracon hebetor (Hymenoptera: Braconidae)
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Abstract [Aim] To investigate the structure and properties of cocoon silk fibers from Habrobracon hebetor, and investigate
their potential as a silk resource. [Methods] Multiple characterization techniques were used to analyze their morphology,
secondary structure, silk protein composition, moisture absorption properties, and thermal properties, of H. hebetor silk.
Scanning electron microscopy, combined with energy-dispersive spectroscopy, were used to observe the surface morphology
and elemental composition of the silk. Fourier transform infrared spectroscopy and X-ray diffraction were employed to analyze
the secondary structure of its proteins and its amino acid composition was determined to reveal characteristic features of its
proteins. The capacity of the silk to regain moisture was measured to evaluate its hygroscopic properties. In addition,
thermogravimetric analysis was used to assess its thermal decomposition behavior and thermal stability. [Results] ~Scanning
electron microscopy revealed that H. hebetor silk fibers are slender and uniform monofilaments with an average diameter of
(1.39 + 0.22) um. Energy-dispersive spectroscopy analysis indicates that its main elements are carbon (66.95%), nitrogen
(18.44%) and oxygen (12.59%), which is typical of a protein. Amino acid analysis showed that the silk protein is mainly
composed of serine (33.3%), glycine (24.2%), and aspartic acid/asparagine (16.7%). The capacity of H. hebetor silk to regain

moisture was 10.45% +0.26%, which is significantly higher than that of Bombyx mori silk (P <0.01). Fourier transform
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infrared spectroscopy and X-ray diffraction results demonstrated that the secondary protein structures are predominantly

B-sheets and B-turns. Thermogravimetric analysis indicates that H. hebetor silk has a thermal decomposition temperature of

(317.13 + 1.29) °C, which is slightly lower than that of B. mori silk. [Conclusion] The cocoon silk of exhibits a fine and

uniform microstructure, a secondary structure rich in fB-sheets and B-turns, excellent hygroscopic properties and favorable

thermal stability. These findings suggest that it has the potential to be used in multifunctional natural silk-based materials.

These findings provide theoretical support for the investigation and utilization of the silk produced by parasitoid wasps.

Key words Habrobracon hebetor; byproduct; silk fibers; morphological structur; performance characteristics
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E1 ZBERERRELAENBMEBRESEN
Fig.1 Ultramorphological structure of the cocoon and silk fiber of Habrobracon hebetor
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6 000x T A HL BRI s D. 22 Wk 32 B 22 27 HEAE O AR 20 000 T (4 HL B 12
A. Morphology of the cocoon of H. hebetor; B. Scanning electron microscopy image of the coccon silk from H. hebetor;

C. Scanning electron microscopy image of the silk fibers from H. hebetor at 6 000x magnification; D. Scanning electron
microscopy image of the silk fibers from H. hebetor at 20 000x magnification.
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Fig.2 Amino acid composition of the cocoon silk from
Habrobracon hebetor
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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
cocoon silk from Habrobracon hebetor

s 7
B Gk fiber of
Type Cocoon silk B. mori
of H. hebetor '

BAPE/RRTE 0.258 0.376
Basic/Acidic
%7&@/&7&@ . 1.598 0.882
Hydrophilic/Hydrophobic
N IE YN
Small side groups/ 1.956 2.569
Large side groups

=T [ A
HRm/ AR 10.267 1.425
Glycine/Alanine

A MBS E R S AR . WER . Z220R . 7R&
TR MHEPRFAERR, HAG A RMBEE SRR ; SRk
MEIERE & RLEAR . AR, 25 R, BER. I5
BIR . MEER . BERMAEIR, HAL B K LR 5
BRPE R IR S R . R E R, PR R
L RAAIR . MR (Sen and Babu, 2004 ) . **4 47
HKIEAR LG (2017) o

* Amino acids with small side groups include glycine,
alanine, serine, threonine, proline and histidine, the rest are
amino acids with large side groups. Hydrophilic amino
acids include aspartic acid, glutamic acid, serine, tyrosine,
threonine, arginine, lysine and histidine, the rests are
hydrophobic amino acids. Alkaline amino acids include
lysine, arginine, and histidine, acidic amino acids include
aspartic acid and glutamic acid (Sen and Babu, 2004). **
Data cited from Deng (2017).
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Fig.3 The moisture regain of cocoon silk from
Habrobracon hebetor and Bombyx mori

B R N B R AR, KR IEH
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Data in the figure are mean+SE, *** means significant
difference between two types of cocoon silk (P<0.001, ¢-test).
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Fig. 4 Infrared spectra and deconvolution results of cocoon silk Habrobracon hebetor
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A. Infrared spectra image; B. Deconvolution results of the amide I band.
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cocoon silk from Habrobracon hebetor
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Fig. 5 X-ray diffraction patterns of cocoon silk from
Habrobracon hebetor
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Fig. 6 Thermogravimetric analysis results of cocoon silk from Habrobracon hebetor
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A. Thermogravimetric (TG) curves of of H. hebetor cocoon silk; B. Derivative thermogravimetry
(DTG) curves of of H. hebetor cocoon silk.
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